Pesquisa Agropecuaria Tropical
ISSN: 1517-6398

ISSN: 1983-4063
evnovaes@gmail.com

Universidade Federal de Goias
Brasil

Barcellos Cardoso, Flavio; Prieto Martinez, Herminia Emilia; Henriques
da Silva, Derly José; do Carmo Milagres, Carla; Barbosa, José Geraldo

Yield and quality of tomato grown in a hydroponic system, with
different planting densities and number of bunches per plant

Pesquisa Agropecuaria Tropical, vol. 48, nim. 4, 2018, Octubre-, pp. 340-349
Universidade Federal de Goias
Goiania, Brasil

Disponible en: https://www.redalyc.org/articulo.oa?id=253067944002

Como citar el articulo reé)a B/C : @“g
Numero completo Sistema de Informacion Cientifica Redalyc
Mas informacion del articulo Red de Revistas Cientificas de América Latina y el Caribe, Espafia y Portugal
Pagina de la revista en redalyc.org Proyecto académico sin fines de lucro, desarrollado bajo la iniciativa de acceso

abierto


https://www.redalyc.org/comocitar.oa?id=253067944002
https://www.redalyc.org/fasciculo.oa?id=2530&numero=67944
https://www.redalyc.org/articulo.oa?id=253067944002
https://www.redalyc.org/revista.oa?id=2530
https://www.redalyc.org
https://www.redalyc.org/revista.oa?id=2530
https://www.redalyc.org/articulo.oa?id=253067944002

e-ISSN 1983-4063 - www.agro.ufg.br/pat - Pesq. Agropec. Trop., Goiania, v. 48, n. 4, p. 340-349, Oct./Dez. 2018

Yield and quality of tomato grown in a hydroponic system,
with different planting densities and number of bunches per plant'

Flavio Barcellos Cardoso?, Herminia Emilia Prieto Martinez?,
Derly José Henriques da Silva?, Carla do Carmo Milagres?, José¢ Geraldo Barbosa®

ABSTRACT

Obtaining a high yield of good quality fruits is one
of the main challenges of the tomato crop. The enhancement
in plant density promotes a reduction in the fruit fresh
mass and an increase the yield per area. On the other hand,
commercialization parameters take into account number
and fresh mass of fruits. This study aimed at evaluating the
yield and fruit quality of indeterminate growth hybrid tomato
(Rebeca), cultivated in a hydroponic system, with different
planting densities and number of bunches per plant. The
experiment was conducted under greenhouse conditions, in a
sub-irrigation system containing expanded clay as substrate.
A split-plot randomized block design, with three replications,
was used. In the plots, four planting densities (11.1 plants m?,
8.3 plants m?, 6.6 plants m? and 5.5 plants m?) were allocated
and, in the subplots, the number of bunches per plant (one
or two). The total yield was influenced by the interaction
planting density x number of bunches per plant. The treatment
that allowed the highest yield was 11.1 plants m? with two
bunches, with 22.61 kg m™ or 226.1 t ha’', in a crop cycle of
134 days. The observed variations for the nutrient contents of
leaves and fruits of tomato plants with one or two bunches, at
densities of 5.5-11.1 plants m™, do not compromise the fruit
quality nor influence the production of tradable fruits, using
the hydroponic system.

RESUMO

Produtividade e qualidade de tomate cultivado em
sistema hidropdnico, com diferentes densidades de
plantio e numero de cachos por planta

A obtengdo de frutos de boa qualidade e com alta
produtividade ¢ um dos principais desafios da cultura do tomateiro.
Com o adensamento de cultivo, ha redu¢ao na massa fresca de frutos
e aumento na produtividade por area; porém, a comercializagao
considera o numero ¢ a massa fresca de frutos. Objetivou-se
avaliar a produtividade e a qualidade de frutos de tomateiro hibrido
de crescimento indeterminado (Rebeca), cultivado em sistema
hidropodnico, com diferentes densidades de plantio e numero de
cachos por planta. O experimento foi conduzido em casa-de-
vegetagdo, em sistema de subirrigagdo contendo argila expandida
como substrato. O delineamento foi em blocos ao acaso, com
parcelas subdivididas e trés repeti¢cdes. Nas parcelas, foram alocadas
quatro densidades de plantio (11,1 plantas m?; 8,3 plantas m?;
6,6 plantas m?; ¢ 5,5 plantas m?) e, nas subparcelas, o nimero
de cachos por planta (um ou dois). A produtividade total foi
influenciada pela interagao densidade de plantio x numero de cachos
por planta. O tratamento que possibilitou maior produgao foi o de
11,1 plantas m? com dois cachos, com 22,61 kg m? ou 226,1 tha’!,
em um ciclo de cultivo de 134 dias. As variagdes observadas para
os teores de nutrientes minerais nas folhas e frutos do tomateiro
com um ou dois cachos, em densidades de 5,5-11,1 plantas m?,
ndo comprometem a qualidade dos frutos e nem influenciam na
producdo de frutos comercializaveis, no cultivo hidroponico.

KEYWORDS: Solanum lycopersicum L.; nutritive solution;
expanded clay.

INTRODUCTION

Tomato (Solanum lycopersicum L.) is among
the most cultivated vegetables in Brazil. Due to its
great acceptance in the market and compensating
prices, tomato has been one of the most profitable
vegetables for producers, being one of the most
consumed and popular fruits of the world (Fernandes
et al. 2002, Nasir et al. 2015). In addition to play

PALAVRAS-CHAVE: Solanum lycopersicum L.; solugao
nutritiva; argila expandida.

an important role in the human diet, offering a
diversified blend of nutrients (Ilahy et al. 2016),
tomato is rich in protein and carbohydrates (Perveen
et al. 2015). However, the main highlight given to
tomato composition is the high levels of antioxidant
compounds, such as phenolic compounds, vitamin C
and carotenoids (Vinha et al. 2014).

Tomato cultivation is considered a high-risk
activity, mainly due to the great susceptibility to
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the attack of diseases and pests, oscillation in the
market prices and great requirement of inputs and
services (Fernandes et al. 2007). The high costs
for implementing and maintaining the crop and the
demand of the market for better quality products
stimulate the search for new cultivation and
management alternatives.

Tomato production may be directly affected by
planting density. Crops established in dense stands
achieve better yields than the spaced ones (Santos et
al. 2013, Hachmann et al. 2014). On the other hand,
very dense stands may result in a decrease in the
average fruit mass (Seleguini et al. 2002). Andriolo &
Falcao (2000) observed that plant density can be
increased to improve the effect of leaf suppression
without modifying the optimal leaf area index.
However, the number of stems per plant and the use
of apical pruning for a defined number of bunches
also interfere with planting density and the source/
sink relationship, and can be alternative practices in
its production (Silva et al. 2001).

According to Pereira et al. (1999), apical
pruning also has the effect of favouring the increase
of'the size of already formed fruits, particularly those
located in the upper third of the plant. However,
several studies have shown varied effects of this
technique on yield and fruit quality (Streck et al.
1998, Silva et al. 2001).

To minimize the existing difficulties, it is
possible to cultivate tomato under more favourable
conditions inside protected environments. The
correct use of such technique allows reaching higher
yields than in the field (Purquerio & Tivelli 2006).
The low yield, prolonged cultivation time and need
for more crops per year to meet the market demands
have attracted the producer interest in the hydroponic
production system (Andriolo et al. 1999).

Hydroponic crops make it possible to
obtain good quality products, when compared to
conventional systems. The advantages in this system
include the high crop quality and yield, lower
expenses with fertilizers and a more efficient use
of water, besides a reduction in the environmental
pollution and a greater control and efficiency in the
productive process (Logendra et al. 2001).

The hydroponic cultivation of tomato with a
single bunch allows using high planting densities,
since the plants are pruned with a reduced height.
The crop cycle slows down and, therefore, reduces
the risk of pest and disease attacks. In addition, the

high planting density results in high yields, and the
fruits, being from the first bunch, will have a large
size and uniform quality. However, the cost of hybrid
tomato seeds may burden the production system with
only one bunch.

The production of tomatoes with two bunches is
an advantageous alternative in high planting densities,
due to their higher yield, if compared to those with
only one bunch, and, under these conditions, the
fruits continue to have commercially desirable size
and quality, and the higher production allows a better
amortization of the seed cost of hybrid varieties. It is
also worth noting that the cultivation cycle remains
short, what is desirable for the management of
pests and diseases carried out preventively between
successive crops, in hydroponics.

This study aimed to evaluate the yield and
fruit quality of hybrid tomato (Rebeca) cultivated in
a hydroponic sub-irrigation system, with different
planting densities and number of bunches per plant.

MATERIAL AND METHODS

The experiment was carried out in a greenhouse
of'the Universidade Federal de Vigosa, Minas Gerais
state, Brazil, between 04 May 2006 and 27 October
2006. The hybrid tomato Rebeca (long life and
indeterminate growth type) was cultivated in a sub-
irrigation hydroponic system, using expanded clay
as substrate.

The seeds were germinated in plastic trays
containing phenolic foam plates with 5 cm x 5 cm x
3.8 cm cells. From the 1st to the 14th day after sowing,
the seedlings were irrigated with tap water. From the
14th day, the plants were irrigated with a nutrient
solution with 50 % ionic strength (Fernandes et al.
2002) (Table 1). All irrigations were carried out once
a day, after 6 p.m., in a volume sufficient to saturate
the substrate.

When the plants reached the stage of 4 to
6 definitive leaves, they were transplanted to the
hydroponic system. The experimental plots were
composed of asbestos cement cores (3.75 m long by
0.85 m wide at the top, 0.60 m wide at the base and
0.20 m high) closed at the ends, waterproofed and
filled with expanded clay with 8-13 mm in diameter,
to a height of 0.17 m from the base. Each plot was
divided in half, and in each half a subplot was applied.

The experimental design was a randomized
complete block, with three replications. The plot
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consisted of planting densities of 11.1 plants m?,
8.3 plants m2, 6.6 plants m? and 5.5 plants m?,
obtained using the spacings of 30 cm x 30 cm,
30 cm x 40 cm, 30 cm x 50 cm and 30 cm x 60 cm.
The subplots included the number of bunches, ie.,
plants with one or two bunches. The two central
plants of each subplot were considered as a useful
plot.

After transplanting, the temperature and
relative air humidity inside the greenhouse were
measured daily, using two thermometers and two
hygrometers, placed at two different points at a
height of 1.10 m from the floor surface. The plants
were grown in a vegetative growth solution at full
ionic strength. With the appearance of bunches, the
nutrient solution was changed, and a fruiting solution,
adapted from Fernandes et al. (2002), was applied
(Table 1). The solution used in the vegetative growth
phase contained: N=8 mmol L''; P=2 mmol L'}; K=
4 mmol L'; Ca=2 mmol L''; Mg =1 mmol L';; S =
I mmol L!; Fe=35mmol L''; Mn= 19 mmol L}; B=
21 mmol LY; Zn = 4 mmol L!; Cu = 0.9 mmol L;
and Mo = 0.7 mmol L. The solution used in the
fruiting phase contained: N = 12 mmol L'; P =
3mmol L'; K=8.6 mmol L'!; Ca=3 mmol L!; Mg=
1.5 mmol L!; S = 1.5 mmol L!; Fe = 59 mmol L;
Mn=20mmol L"!; B=25mmol L"'; Zn=4 mmol L;
Cu= 1.3 mmol L!; and Mo = 0.7 mmol L-'.

The plants were tufted with a ribbon, and
the apical pruning was performed when all the
plants had three leaves above the first or the second
bunch, according to the subplot, leaving only six
fruits per bunch. The number of fruits per bunch

Table 1. Vegetative growth and fruiting nutritive solutions for
tomato growing in a hydroponic system.

Vegetative growth Fruiting
nutritive solution nutritive solution
Fertilizers g 1,000 L' Fertilizers g 1,000 L'

KH, PO, 271.9 KH, PO, 408.7
MgSO, 247.4 MgSO, 369.6
Ca(NO,), 400.0 Ca(NO,), 631.6
KNO, 213.6 KNO, 597.0
NaNO, 151.4 FeCl, 15.9
EDTA-Ferric 20.5 EDTA-Ferric 20.0
NH,Mo.0,, 0.2 NH,Mo.0,, 0.2
MnSO, 3.7 MnSO, 34
H,BO, 1.3 H,BO, 1.6
ZnSO, 1.3 ZnSO, 1.3
CuSO, 0.1 CuSO, 0.2

Source: Adapted from Fernandes et al. (2002).

was standardized to ensure the uniformity of size,
maturation and fruit quality. During the conduction
of the experiment, it was necessary to accomplish
periodic thins to maintain the number of fruits and
side shoots.

The volume of the nutrient solution loosed by
evapotranspiration was completed with tap water on
a daily basis, until it reached the initial volume of
167 L per experimental plot. The pH of the nutrient
solution was daily monitored and adjusted to the
range of 5.5 t0 6.5, using HCl or NaOH. The solutions
were periodically replaced, based on the reduction
of the electrical conductivity, allowing up to 30 %
of depletion. The nutrient solution was delivered to
the plants for 15 min every hour in the daytime by
the automatic activation of a motor pump. Watering
started at 6 a.m. and finished at 6 p.m. During the
night, only two waterings of 15 min each were made,
one at 11 p.m. and one at 2 a.m.

Harvest started at 103 days after transplanting
(DAT) and ended at 134 DAT. The fruits were
classified according to Brasil (1995) (Table 2). The
fresh matter weight, fruit diameter and pericarp
thickness were evaluated in six fruits harvested per
bunch. Soluble solids (°Brix), citric acid (%), total
carotenoids (ug g), lycopene (ug g') and pH were
evaluated in two fruits of the bunch showing 100 %
of red surface.

In the last harvest, the plant height, insertion
height of the first bunch and stem diameter (measured
in the region just above the first bunch and below the
first leaf in the position above it) were determined.
In addition, the dry matter percentage of leaflets and
petioles were evaluated.

For the leaf chemical analysis, the index leaf
was harvested immediately below the bunch, at the
time of harvesting the first ripe fruit, and, for the
fruit chemical analysis, two fruits were collected
per repetition. The sampled material was washed
in deionized water and oven dried with forced air
circulation at 70 °C, until constant weight. The plant

Table 2. Size classes used in the classification of tomato fruits.

Class' LTD (mm)*
Giant > 100
Big >80 up to 100
Medium > 65 upt to 80
Small > 50 up to 65

! Brasil 1995. 2 LTD: larger transverse diameter.
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material was then milled in a Wiley mill equipped
with a 20 mesh screen. Total-N was determined by
the Kjeldahl method (Bremner 1965). The nutrients P,
K, Ca, Mg, S, Fe, Mn, Zn and Cu were analysed after
mineralization, by nitric-perchloric digestion. P was
dosed colorimetrically by the reduction method of
phosphomolybdate by vitamin C (Braga & Defelipo
1974); K quantified by flame emission photometer;
Ca, Mg, Fe, Mn, Zn and Cu quantified by atomic
absorption spectrophotometry; and S quantified by
sulfate turbidimetry (Blanchar et al. 1965). B was
determined colorimetrically by the Azomethine H
method (Wolf 1974), after the dry mineralization in
kiln at 550 °C. For the quantification of P, S and B,
amolecular absorption spectrophotometer was used.

All obtained data were submitted to analysis of
variance and qualitative effects of the treatments were
compared by the Tukey test at 5 % of probability.
Quantitative data were submitted to regression
analysis.

RESULTS AND DISCUSSION

The increase in the number of bunches had a
positive effect on yield per plant (Table 3). Cultivated
plants with two bunches were more productive than
plants with only one bunch at all planting densities,
but the yield per plant was not influenced by planting
density for the same number of bunches.

There was no difference in production per
plant, regardless of planting density, either in plants
with one (Figure 1A) or two (Figure 1B) bunches.

The total production per area was influenced
by the interaction planting density x number of
bunches per plant, increasing with the increase of
planting densities and number of bunches per plant.
The management of planting density interferes with
the balance between the vegetative and reproductive
growth of the tomato plant, since it changes the
amount of solar radiation reaching the interior of
the vegetative canopy and, consequently, affects

Table 3. Characteristics of plants and fruits of Rebeca hybrid tomato cultivated in hydroponics, according to planting densities and

number of bunches per plant.

-2
N° of bunches 1 33 Plant m 66 53 Average CV (%)
Production per plant (g)
1 1,088 b* 1,124 b 1,004 b 1,102 b 1,080 704
2 2,105 a 1,906 a 2,086 a 2,322 a 2,105 )
Fruit weight (g)
1 179.03 193.01™ 179.58 183.61m 183.81 757
2 175.42 175.45 185.01 198.02 183.48 )
Fruit diameter (mm)
1 72.17" 74.10™ 72.08" 72.79m 72.79 246
2 72.08 70.86 72.64 75.44 72.76 )
Mesocarp thickness (mm)
1 9.67" 9.440 9.49m 9.91n 9.63 161
2 9.65 9.55 9.67 9.73 9.65 )
Fruit soluble solids (°Brix)
1 3.97m 4.03" 3.73m 4.47n 4.05 6.95
3.87 3.90 4.20 4.07 4.01 )
Fruit citric acid (%)
1 0.22n 0.220 0.21m 0.220 0.22 626
2 0.24 0.24 0.23 0.23 0.24 )
Total carotenoids (ug g*)
1 127.84" 128.48™ 129.26™ 129.65™ 128.81 128
128.87 127.95 128.38 128.11 128.33 )
Lycopene (ug g")
1 86.87m 89.63m 89.70m 90.30™ 89.13 264
2 89.43 89.33 88.30 87.83 88.72 )
Fruit pH
1 4.13 4.17 4.07™ 4.08™ 4.11 ) 68
2 4.09 4.11 4.09 4.12 4.10 )

* Averages followed by the same lowercase letter in the column do not differ from each other at 5 % of probability by the Tukey test.
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Figure 1. Tomato yield as a function of planting densities, with plants led with one (A) and two (B) bunches.

the photosynthetic rate. Changes in the strength of
the sources, through a change in planting density
or increased radiation availability, indirectly affect
the distribution of dry matter between plant organs
(Duarte & Peil 2010).

Tomato plants conducted with a single bunch,
in a greenhouse, with a Nutrient Film Technique
system, at a high density (20 cm x 20 cm), showed
a higher yield (Santos et al. 2013). Similar results
were found in other studies with tomato cultivated
in soil and with different spacings between plants. It
was observed that the higher the planting density the
greater the yield (Camargos et al. 2000, Seleguini et
al. 2006, Hachmann et al. 2014).

Some authors affirm that, although there is an
increase in the tomato production with plant densities,
the average fruit mass decreases (Streck et al. 1998,
Camargos et al. 2000, Logendra et al. 2001). In this
experiment, the average fruit mass was not influenced
by planting density and number of bunches per plant.
It is known that the fruits of the first bunch are larger,
if compared to the fruits of the other bunches, and,
as the plant produces upper bunches, the fruits will
decrease in size. One of the causes for this behaviour is
the competition of the fruits, in the different positions,
by water, nutrients and photoassimilates. In this study,
as the plants were produced with only one or two
bunches, there was no marked competition between
the fruits. Hydroponic cultivation has contributed to
reduce the competition, given the good availability of
water and nutrients throughout the crop cycle.

In this assay, the plants produced fruits with
183.64 g of average weight, 72.7 mm in diameter and

9.6 mm of mesocarp thickness (Table 3). According
to the classification by Brasil 1995 (Table 2), 100 %
of average fruits were produced.

Fruit quality (soluble solids, citric acid,
carotenoids, lycopene and pH) was not influenced
by density or number of bunches per plant (Table 3).
The total soluble solids (°Brix) content is an important
quality attribute during the ripening stage for many
fresh fruits, including tomato (Siddiqui et al. 2015),
and, for the in natura market, high-quality tomato
fruits must have percentages of °Brix above three
(Schwarz et al. 2013). In this study, it was observed
that the values for total soluble solids were higher
than the value suggested above.

The amount of sugars stored in tomato fruits
is the main constituent of post-harvest quality, being
directly related to its flavour (Beckles 2012, Ramos
etal. 2013). The flavour is the most important aspect
for the consumer of fresh fruits, and a balanced
proportion of sugar/acid is essential. High levels of
sugars and acids are required for a better fruit palate/
flavour. High acid and low sugar contents can result
in an astringent/sour taste. Contrarily, low acid and
high sugar contents result in a softer flavour and,
although it is very sweet, it is considered tasteless.
Even when with low levels of acids and sugars, the
result is a tasteless fruit (Morgan 2004).

The acidity in tomato fruits indicates the
amount of acids present, and the astringency of the
fruit is the main influence on its flavour (Nascimento
et al. 2013). In tomato for in natura consumption,
citric acid values were 0.36 % (0.36 g of citric acid
in 100 g of fruit) (Silva et al. 2013), while, in fresh
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‘Manyla’ tomato juice, citric acid levels varied from
0.29 % to 0.33 % (Gatta et al. 2015). In this study,
the values obtained (between 0.21 % and 0.24 % of
citric acid) were relatively low, indicating fruits with
low acidity.

The tomato fruit is considered a source of
carotenoids, especially lycopene and B-carotene
(Alvarenga & Coelho 2013). The first one is found in
a greater quantity and acts as an important antioxidant,
while the second is found in a lower amount in the
fruit, showing a provitamin A activity (Demiray et
al. 2013, Mladenovic et al. 2014). Carotenoids are
pigments synthesized during fruit ripening, with
B-carotene reaching the maximum concentration
before the end of maturation, while lycopene
continues to be accumulated (Perveen et al. 2015).

The carotenoid contents found in the fruits
of this hybrid did not present differences, when
the number of bunches and the planting density
varied. As noted above, the concentration of these
compounds increases during tomato maturation,
with air temperature being an important factor
related to the accumulation of lycopene and
B-carotene in tomato fruits. Temperatures of 22-
25 °C are considered ideal for the biosynthesis of
this carotenoid. Below 10 °C and above 30 °C, the
biosynthesis becomes compromised (Dorais et al.
2010). During the experiment under discussion, the
weekly average of minimum air temperature varied
between 6.0 °C and 17 °C, being the maximum
between 26.9 °C and 39.4 °C. It is worth to note that
the hybrid Rebeca maintained the biosynthesis of
total carotenoids, even with diurnal air temperatures

above 30 °C. Their carotenoids contents remained
between 128 pg g! and 130 pg g, i.e., within the
adequate ranges mentioned in the literature. It is
possible that the maximum temperature found did not
occur long enough to compromise the biosynthesis
of carotenoids in the studied hybrid.

As for pH, foods are classified into three
groups: low acidity (pH above 4.5); acid (pH between
4.0 and 4.5) and very acid (pH lower than 4.0) (Gava
et al. 2009). Tomato fruits usually have a pH below
4.6, and, this way, they are considered acidic foods
(Anthon & Barrett 2012). Although the citric acid
concentration indicated fruits with a low acidity,
in the present study, the fruits presented pH values
below 4.6, agreeing with the results for tomato fruits
found in the literature (Figas et al. 2015, Gatta et al.
2015, Peixoto et al. 2018).

There was no significant effect of planting
densities and number of bunches on the proportion
of dry matter allocated in leaflets and petioles
and insertion height of the first bunch. There was
difference only for plant height, when comparing
plants with one and two bunches (Table 4).

The plant height was obviously higher when
two bunches were left, but the planting density did
not influence the plant height, i.e., the plants did not
tend to the exaggerated growth of the stem in search
of luminosity with increasing planting densities.
This result disagrees with those found by Camargos
et al. (2000) and Seleguini et al. (2006), in protected
tomato cultivation, indicating that, under hydroponic
cultivation, with only one and two bunches, the
competition for water, light and nutrients was

Table 4. Characteristics of the Rebeca hybrid tomato plant cultivated in hydroponics, according to planting densities and number

of bunches per plant.

2
N° of bunches 1 23 Plant m 66 53 Average CV (%)
Leaf dry matter production (%)
1 10.23™ 8.38™ 8.41™ 9.46™ 9.12 6.78
2 9.29 9.01 8.83 9.96 9.27
Petiole dry matter production (%)
1 12.44m 9.89m 10.26™ 11.08" 10.92 11.23
2 11.01 9.59 11.44 11.87 10.98
Plant height (cm)
1 126.33 b* 121.67 b 101.33b 104.33 b 113.42 11.07
2 139.67 a 128.17 a 14233 a 137.67 a 136.96
Insertion height of the first bunch (cm)
1 96.33™ 83.67m 75.33m 77.83m 83.29 10.03
2 81.67 75.50 77.50 85.50 80.04

* Averages followed by the same letter in the column do not differ from each other at 5 % of probability by the Tukey test.
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minimal. From the aforementioned authors, the first
group cultivated the Carmen hybrid, varying the
spacing between plants in the row (30 cm and 60
cm) and the number of bunches per plant (3, 5 and
7), maintaining 1.0 m between rows. Similarly, the
second group cultivated the hybrid Lasting and varied
the spacing between plants in the row (30 cm, 40 cm,
50 cm and 60 cm) and number of bunches per plant
(3, 4 and 5), maintaining 1.0 m between rows. For
both studies, there was an increase in plant height
for the smallest spacing. The plant height may vary
due to several factors, such as crop growing, planting
season, number of branches left per plant (Oliveira
et al. 1995) and material used to cover the protected
environment (Papadopoulos & Hao 1997).

Concerning the macro and micronutrient
contents in leaves and fruits, significant differences
were observed among the treatments for total-N, B
and Zn, respectively.

The total-N content in tomato leaves varied
significantly for different planting densities.
The total-N content in the leaf increased with
increasing planting densities from 5.5 plants m? to
6.6 plants m?, with a subsequent drop (Figure 2A).
The total-N leaf content ranged from 27.4 g kg
to 33.2 g kg'!, remaining close to the range of
concentrations considered adequate: from 28.0 g kg™
to 60.0 g kg!' (Jones Junior 1999, Camargos et al.
2000, Fernandes et al. 2002).

For the highest planting density (11.1 plants m?),
the total-N content in the leaves was below the
minimum considered adequate by Jones Junior
(1999): 28.0 g kg!. This may be justified by the
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likely competition between plants by N. Thus,
it is suggested that, in future studies using the
same nutrient solutions of the present research, it
is necessary to increase the N concentration for
densities of more than 9 plants m=.

Regarding the total-N content in the fruits, a
significant difference was observed only for planting
densities. The total-N and P contents in the fruits
presented a linear behaviour, decreasing with the
increase of the planting density (Figures 2B and 3A,
respectively). Although Mueller & Wamser (2009)
observed that the production of tomato plants is
positively correlated with an increased planting
density and negatively with fruit size, this is mainly
due to the scarcity of photoassimilates for each fruit,
what was not observed in this research. In this case,
the dilution effect of these nutrients on a higher fruit
production probably caused the reductions of these
concentrations, without, however, reducing the
production to a limiting level. The concentrations
obtained in the fruits for total-N remained within
the range of reference values found in the literature
(Fernandes et al. 2002). For P, the range of contents
obtained in fruits by Fernandes et al. (2007) was 2.2-
3.0 g kg, lower than the range found in the present
study (3.2-4.1 g kg™).

The leaf content of B, contrary to what
would be expected, increased from the lowest to
the highest planting density (Figure 3B). This fact
is probably because nutrient replacements are based
on the reduction of the electrical conductivity,
which evaluates the depletion in the concentration
of ions as a whole, without considering the nutrients
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Figure 2. Total nitrogen contents in leaves (A) and fruits (B) of Rebeca tomato hybrid, as a function of planting densities.
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individually. Greater numbers of replenishments were
made in the plots with higher plant density, so it is
possible that these plots have accumulated more B not
absorbed by the plants over time. The concentration
range observed was 82.1-110.4 mg kg! of B, slightly
above the values reported by Jones Junior (1999),
which states that they should be between 25.0 mg kg™
and 100.0 mg kg™'. As the contents of B in the leaves
were very close to the maximum value considered
adequate, and the limit between lack and toxicity for
this micronutrient can be narrow, it is proposed to
reduce the B concentration of the nutrient solution
in future studies.

A significant difference was observed for Zn
content in leaves and fruits, between treatments
of planting density, whose behaviour was linear,

6.07
557
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increasing with the decrease of planting density
(Figures 4A and 4B, respectively). Such behaviour
is probably due to the increase in demand, when
more plants were grown in the same experimental
plot. However, leaf concentrations were relatively
high, ranging from 72.6 mg kg to 121.2 mg kg,
although they agreed with the adequate range
reported in the literature, i.e., between 20.0 mg kg™
and 100.0 mg kg' (Jones Junior 1999, Fernandes et
al. 2007). It is possible that there is a contamination
with Zn by the fertilizers used to compose the
nutrient solution.

Even with leaf Zn contents above the
ideal, at planting densities of 6.6 plants m? and
5.5 plants m?, no symptoms of Zn toxicity were
observed. It is suggested that, in future researches
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Figure 3. Phosphorus contents obtained in fruits (A) and boron obtained in leaves (B) of Rebeca hybrid tomato, as a function of

planting densities.

1401 A
1304
1204
1104
1004
90 1 .

80 A (J

70 A
Y =152.2634-6.8377*X

60
2=0.95

Zinc contents in leaves (mg kg™')

50 4

T

6.6 83
Planting densities (plant m?)

0 T

55 11.1

401

35

304

254

20
Y =41.8780 — 1.4799*X

2=0.89

Zinc contents in fruits (mg kg™')

0 T T T |
55 6.6 83 11.1
Planting densities (plant m?)

Figure 4. Zinc contents obtained in leaves (A) and fruits (B) of Rebeca hybrid tomato, as a function of planting densities.
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using these nutrient solutions, there is a reduction of
Zn concentration to densities lower than 8 plants m=.

Summarizing, the fruit quality was not
influenced by the treatments and neither the total
production, by the variations observed, in the nutrient
contents of tomato leaves and fruits, but these features
were affected by the interaction planting density x
number of bunches. In view of this, it is suggested
that, in future studies, using the same cultivation
system presented here, planting densities higher than
11.1 plants m™ be tested.

CONCLUSIONS

1. For the Rebeca hybrid tomato, in a hydroponic
system, a planting density from 5.5 plants m? to
11.1 plants m? and two single bunches increased
yield from 5.84 kg m?to 22.61 kg m™, over a cycle
of 134 days, without altering its marketable quality;

2. The observed variations for mineral nutrient
content in the leaves and fruits of Rebeca hybrid
tomato cultivated with one or two bunches, at
densities of 5.5 plants m? to 11.1 plants m?, did
not compromise the fruit quality and did not affect
the production of marketable fruits.
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