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Abstract

Species that provide phytonutrients and bioactive compounds, such as parsley and lettuce, have gained
prominence in a scenario of searches and concerns about maintaining health. Cultivation systems that enhance
production in quantity and quality are essential. In this context, the objective of this study was to evaluate the
development of parsley and letfuce under nutrient solution concentrations and plant position in the hydroponic
system. The experiment was carried out in a randomized block design with five replications, in a 4 x 3 factorial
scheme using four nutrient solufion concentrations (50, 75, 100 and 125%) and three positions of the plants in the
hydroponic profiles (initial, intfermediate and final). Results showed that rates between 75 and 100% of nutrient
solution presented higher production of cerbiatta lettuce and parsley in the hydroponic production. Channel
position did not influence the cerbiatta letfuce production, but it influences the production of parsley. Based
on results conclude that is necessary different management to production of cerbiatta letftuce and parsley in

hydroponic solution.
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Introduction
Lettuce (Lactuca safiva) is a basic ingredient
in fresh salads and cultivated in the worldwide,

providing vitamins and nutrients and many flavors and
compounds with medicinal effects (Wiggins et al., 2020).
The consumption of parsley
also offers many important health benefits, including
anticancer, anti-inflammatory,
anfibacterial and antifungal activities (Hasan, 2022).

The agronomic practices, especially fertilization
and irrigation, determine production of lettuce and
parsley and also phyto-compounds biosynthesis and the
quality of the vegetables (Alharbi et al., 2019). Nutrient
availability and nutritional status are key factors toward
cultivation. The nutrient rates lead to the balance of
nutfrients in plant tissues and this directly affect the
development and metabolism of the plants, and the
nufrient accumulation (i.e.,

(Petroselinum  crispum)

neuroprotectivity,

nitrate accumulation in

human body) (Souri ef al., 2018).

Hydroponic cultivation stands out among the
forms of cultivation due to its estimable benefits with
higher yield and quality of production, reductions of
pest and diseases, optimization of resources (water and
nutrients), and better use of the cultivation area (Batista
et al., 2021). The hydroponic is considered a greaf
option to vegetables that can grow in a short fime and
are periodically planfting and harvesting (Saracoglu et
al.,, 2020), such as parsley (Pefroselinum crispum) and
cerbiatfta lettuce (Lactuca sativa).

Based on hypothesis that hydroponic cultivation is
great option o parsley and cerbiatta lettuce production
with influence of cultivation channels on production, the
aim of the present study was to evaluate the effect of
the nufrient solufion concentrations under cultivation of
lettuce and parsley grown in different positions of the
hydroponic channels.
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Material and Methods
Study area, experimental design and plant growing
conditions

The present study was conducted with lettuce
and parsley under hydroponic conditions in a greenhouse
at the Universidade de Uberl@ndia, municipality of
Uberlandia, Minas Gerais, Brazil (18°57'30" S e 48°12'0" W).

The experimental design completely
randomized blocks, with three replications. The lettuce

wdas

and parsley plants were grown using four concentrations
of nutrient solutions (50, 75, 100 [control —recommended],
and 125%). In addition, the plants were collected at the
initial, intfermediate and final positions of the hydroponic
channel.

The structure for plants final growth consisted of
four cultivation benches (one by freatment), each of
them, with three hydroponic channels. Each bench was
supplied by anindependent 100-L capacity reservoir, and
an electric pump 32-watt to inject the nutrient solutfion
info the three hydroponic channels. The reservoirs were
painted externally with white rubber paint to avoid the
heating of the nutrient solution. Nutrient Film Technique
(NFT) hydroponic system was used, consisting of 100-mm-
diameter propylene channels and 4.5-m long, with a
slope of 3%.

The spacing used was 0.18 m x 025 m,
representing the distance between hydroponic channels
and plants, respectively. The system consisted of a bench
used for plants in initial growth (production of seedlings)
and four benches for plants in final growth (development
of the adult plant). The seeds were acquired from the
company Isla and sown in phenolic foam (2.5 cm x 2.5
cm x 3.0 cm each cell), using three seeds per cell.

The cells were covered with vermiculite and
taken to a greenhouse (covered with 40% shading
screen). The phenolic foam was irrigated twice a day
unfil achieve germination of the seeds. At 14 days after
sowing, the seedlings were fransferred to a nursery (NFT
system) built with 50-mm-diameter propylene channels
(using spacing of 0.10 m x 0.10 m between channels and
plants), where they received a nutrient solufion with a
50% concenfration according to the recommendations
of Furlani et al. (1999) for leafy vegetables.

After 25 days after sowing, the plants were
fransferred to the definitive cultivation system and
received the different concenfrations of concentrations
of nutrient solution. Each bench contained 18 plants, 6
plants for each position (initial, intermediate and final).
The 4 cenftral plants of the two central channel of each
plot were evaluated.

The complete solution

nutrient (100 %

concentration) was composed by following composition
(g 1000 L"): 750 calcium nitrate, 500 potassium nitrate, 150
monoammonium phosphate, 400 magnesium sulfate,
0.15 copper sulfate, 0.5 zinc sulfate, 1.5 boric acid,
0.15 sodium molybdate (Na,MoO, 2H,0), and 0.3 iron
(FEEDDHA-6%) (Furlani et al., 1999).

Duringthe experiments, the electricalconductivity
and pH of the solutions values were measured daily in the
reservoirs. The pH values were maintained in the range
recommended for hydroponic cultivation (between 5.5
and 6.5) using NaOH or HCI solutions., and the electric
conductivity of nutrient solution maintained in 2.5 mScm-.

Analyzed variables and data processing

At 30 days after transplanting (plants reached
the commercial standard), the plants were harvested to
defermination of the plant height, leaves fresh matter,
and shoot fresh maftter.

The data were submitted to normality using the
Shapiro-Wilk fest and homogeneity of variances using the
Bartlett test (SPSS Inc., USA). Subsequently, the data were
subjected to analysis of variance by F-test (p < 0.05) and
the means obtained as a function of the plants positions
in the hydroponic channel were compared by Tukey-
fest (p < 0.05). The nutrient solution concentrations were
evaluated by regression analysis. The variables also were
correlated by the Pearson's correlation test considering
the significant correlations with p <0.05.

A probability analysis based on naive bayes
classifier was tested using the nutrient solution with the
rates between 75 and 100% (classified as better rates in
Tukey-test). The positive probability was defined when
yield of parsley and cerbiatta lettuce were higher than 70
e 200 g plant, respectively. These values represent the
general average of highest yield of parsley and cerbiatta
lettuce. A decision free was used to demonstrate the
results of probability analysis in each position on the
channel.

Statistical analysis was performed using the
programming language in R (version 4.0.0; R Foundation
for Stafistical Computing, Vienna, Austria); and Python
(version 3.8.3; Python Software Foundation, Wilmington,
USA), and results were graphed in Sigmaplot (version 11.0;
Systat Software, Inc., Palo Alto, USA).

Results and Discussion
Curly parsley

A ssignificant effect of the nutrient solution
concentrations was recorded for the plant height, leaves
fresh matter, and shoot fresh matter of parsley. As a
function of the positions of the plants in the hydroponic
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channels, plant height and shoot fresh matter were
significantly influenced (Table 1).

Table 1. Summary of the F-test of analysis of variance for plant
height (PH), shoot fresh matter (SFM), and leaves fresh matter
(LFM) of parsley (Petroselinum crispum) under different nutrient
solution concentrations (NSC) and plants grown at the initial,
infermediate and final positions of the hydroponic channels

Source of variatfion PHcm SFMg plant' LFMg plant!
NSC *
Positions
NSC x positions ns ns ns
CV (%)
Means as a function of positions
Initial 27.5 A 73.0B 33.9A
Infermediate 27.3 AB 73.3 AB 339 A
Final 27.28B 73.6A 33.8 A

CV - coefficient of variation; *, **, ns — significant at p < 0.05, at p < 0.01, and not
significant, respectively; means followed by the same letter are not significantly
different by the Tukey-test at p <0.05

The highest means of plant height (Figure 1A) and
leaves fresh matter (Figure 1B) of parsley were estimated
with the nutrient solution concentrations at 95.7 and 96.7%,
respectively. The shoot fresh matter increased with the
increase in nutrient solution concentration, representing
an increase of 4.3% (between 50 and 125%) (Figure 1C).
Luz et al. (2012) also developed studies with hydroponic
systems of parsley with a better performance under 100%
concenftration, rate close to observed in our study.

The influence of channel position was not clear to
parsley development with the highest height obtained in
the initial position with an average of 27.5 cm, 2% higher
than final position. While, shoot fresh matter was lowest
in the final position with an average of 73.6 g, 1% higher

A. 5
30 *
=
g
= 28
& o
ot 25 | ¥ =-0.0022 x* + 0.4214 x + 9.2995
R*= 86%; Quadratic model
4
24

50 75 100 125

0

79 y =0.0405 x + 69.794
R* = 86%; Lmnear model

/.

50 75 100 125

Areo-part weight
(g plant’)

69

than initial position (Table 1). In addition, the leaves fresh
matter was not influenced by position in the channel, with
a general average of 33.8 g plant'. The variability and
smalll difference can be associated with the small length
of the channels (4.5 m).

Luz ef al. (2011) also observed such results and
explained that small length of the channels promoted the
low differences to occur. However, in other study Luz et
al. (2012) testing curly parsley demonstrated a difference
in growth in the channels.

Cerbiatta lettuce

Height and shoot fresh matter of lettuce were
increased by nutrient concentration with quadratic
responses and opfimal rates fitted at 56.7 and 91.2%,
indicating that nutritive solution higher than these rates
promoted a lower lettuce development (Figure 2A and
B). Inferest, the root fresh maftter presented a linear
development with nutritive concentration ranging from
50 and 125% and representing an increase of 40% (Figure
1B). Genuncio et al. (2012) found a significant decrease
in leftuce fresh weight when the EC in the nutrient solution
decreased from 1.8 10 0.92 dS m™'.

Dunn et al. (2015) evaluating SPAD were affected
by the presence or absence of P and K in leaves of 'Vista
Red’ salvia. Singh et al. (2019) evaluating fresh weight and
dry weight in leftuce, identified an inferaction between
cultivar and fertilizers, demonstrating that nutrients are
not directly available to plants, and plants can influence
nutrient availability, specially by releasing root exudates

w

.0056 x> + 1.0833 x —13.197
R*= 64 %; Linear model

Leaf weight (g plant")

50 75 100 125

Nutritive concertation (%)
Figure 1. Height (cm), shoot fresh matter (g plant') and leaves fresh matter (g plant!) of curly parsley
(Petroselinum crispum) with nutritive solution concentrations (50; 75; 100; 125%). The results are of fresh part
of plants. Rates were tested by the Regression fest (P<0.05).
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Figure 2. Height (cm), shoot fresh matter (g plant') and root fresh matter (g plant’) of curly parsley
(Petroselinum crispum) with nutritive solution concentrations (50; 75; 100; 125%). The results are of fresh part
of plants. Rates were tested by the Regression test (P<0.05).

or exploring new areas by growing their roofs.

El-Nakhel et al. (2019) demonstrated that
a 50% decrease of macronutrient input caused a
marginal decrease in fresh biomass of leftuce cultivars,
that can consider an increase in nutrient use efficiency
and modulate secondary metabolisms to improve the
functional quality.

There was no influence of channel position in
height, shoot fresh matter, and root fresh matter of lettuce
with a general average of 29.2 cm, 186.7 g plant', 45.2 g
plant’, respectively (Table 2).

Correlations and probability
The development of shoot and root matter was
positive correlated to cerbiatta lettuce, indicating that
the roots were associated with the shoot (r=0.62; p<0.05).
While, shoot fresh matter and leaves fresh matterof parsley
was not associated indicating that there was a steam

Table 2. Height (cm), shoot fresh matter (g plant') and roof
fresh matter (g plant') of cerbiatta lettuce (Lactuca sativa) with
channel positions (Initial, Intermediate, and Final).

shoof fresh

" Height rooft fresh
Position matter g
cm matter g plant”!
plant!
Initial 27.6 A 162.6 A 51.2A
Intermediate 294 A 195.7 A 46.2 A
Final 30.4 A 201.7 A 48.3 A
ANOVA
concetration <005 <005 <005
positon 0.06 <0.05 0.06
P 0.38 0.58 0.61

onc*po:
The results are of fresh part of plants. Mean was compared by the Tukey-test (position;
P<0.05) and the Regression test (Concentration solution; P<0.05).

development influencing in the shoot development (r =
0.10; p<0.05), Figure 3.

There is 100% of probability fo obtain higher
production of shoot of cerbiatta leftuce when used
the 100%
independently of position on the channel. The results
demonstrate that the nufrient available is equivalent
between the channels for the leftuce.

rates between 75 and nutrient solution,

100%
nutrient solution for the production of parsley, there is a
possibility of 66.7% to obtain higher production of aero-
part in the intermediary channel, and a higher possibility
of 83.3% to obtain higher production of shoot in the final
channel (Figure 4).

This result indicates that is necessary different
management to production of cerbiatta leftuce and
parsley in hydroponic solution with rates between 75
and 100% when was not influenced by channel position
for cerbiatta lettuce, but it influences the production
of parsley. According fo (Luz et al., 2009), species can
behave differently at the same nutrient concentration,
due fo their physiological apparatus and nutrient
metabolism. Thus, injection of nutrients via stock solutions
needs frequent adjustment based on estimations of the
nutrient uptake rates (Savvas et al., 2017).

Luz et al. (2009) also found better performance for
plants in the intermediate and final positions. The authors
attributed the results fo the nutrient solution concentration
in the initial position, which could possibly be above the
required for the plants. At high concentrations, due to the

When used the rates between 75 and
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Figure 3. Correlations between shooft fresh matter (g plant') and root fresh matter (g plant') of cerbiatta letftuce

(Lactuca sativa), and between shoot fresh matter (g plant') and

leaves fresh matter (g plant!) of parsley

(Petroselinum crispum). The results are of fresh part of plants. Pearson correlation was used with a r-correlation
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Figure 4. Probability of high production of shoot of cerbiatta lettuce (Lactuca sativa) and parsley (Petroselinum
crispum) using the rates between 75 and 100% (classified as better rates in Tukey-test) in each position on the channel

greater osmotic pressure of the solution, there is less water
absorption, which resulfs in less nufrient fransport and,
conseqguently, less development and fresh mass gain.

In hottest regions, proposals have been made
fo reduce the concenfration of solutions by reducing
the EC to the range 1.0 to 1.5 dS m'. The decrease in
nufrient solution concentration relate to a rationalization
of the fertilizers uses and a decrease in production costs
in the NFT hydroponic system (Luz et al., 2009). Moreover,
high temperature and high nutrient solution depresses
water and nutrient uptake through reduced oxygen

availability, decreasing physiological processes such as
root browning and active tfransport in membranes, which
may ultimately decrease crop growth (Falah et al., 2010;
Trejo-Téllez et al., 2012).

The nutrients and oxygen rates also have
correlation where the K is the nutrient most sensitive to
oxygen deprivation while NO, uptake is the least affected
by oxygen levels. The level of nufrients and oxygen in the
solution can cause alteration on water consumption and
in the flow of K, Mg*?, P and sulfate from the rooft into the
nutrient solution (Othman et al., 2019). The accumulation

Comunicata Scientiae, v.15: €4232, 2024
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of solutes will inevitably occur in the root zone and this
can provide a disturbance in electrical conductivity (EC)
and plant nutrient imbalances in the growing system
(Massa et al., 2020).

According to Massa et al. (2019) vegetable
crops can be grown at low nutfrient concentrations in
the root zone if they are replaced at concentrations
close to the actual uptake concenfrations, knowing
that nutrient needs of a plant species may change at
different developmental stages (Savvas & Gruda, 2018).
To achieve these possibilities, it is necessary to know the
absorption behavior of different species, in different
regions, and the present study is an information to be
considered by producers for cerbiata lettuce and parsley.

Fine roots and root hair zone are essential for
nutrient uptake and high nutrient solution can damage
these roots, especially at early growth stages in plant
development (Othman et al.,, 2019). Therefore, the
nufrient concentrations may be frequently modified
during the cropping cycle, with the aim to provide the
gentlest and most suitable concentration to the root zone
(Savvas & Gruda, 2018).

Soilless is considered a promise to
confribute to sustainability, feeding the world’s growing
population (Michelon et al., 2020), being hydroponic
system easily fo growers check the amounts of nufrients
100%
nutrients that plants need (Waiba et al., 2020).

This system is essential to supply species with high
health benefits, especially due to increasing discoveries
about lettuce and parsley, being parsley uses also been
expanded for other useful purposes in the ecosystem
(Estelle et al., 2021), therefore is a growing demand in
the next years. Our study brings the incentive to expand
new sftudies and new efforts to bring information about
hydroponics cultivation and the dynamics of nutrient

system

plants are receiving, providing control of the

solutions, especially with wide variation in climatic

conditions that Brazil presents.

Conclusions

The rafes between 75 and 100% of nufrient
solution is necessary to production of cerbiatta lettuce
and parsley in the hydroponic production.

Channel position did not influence the cerbiatta
lettuce production, but it influences the production of
parsley.

For higher parsley shoot fresh matter production,
itis 66.7% possible in the intermediary channel and 83.3%
possible in the final channel.
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