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ABSTRACT

RESUMO

Protected cultivation has increased over the years. More studies
on the benefits of using photoselective agrofilms are necessary. The
choice of material to cover the greenhouse is a decisive factor for crop
development and production. The aim of this study was to evaluate
the effect of diffuser and blue-colored agrofilms on the production
of different tomato cultivars of indeterminate growth habit under
NFT hydroponic system. A completely randomized design in a 2x3
factorial scheme (two environments and three cultivars) was used:
two agrofilm types (blue and diffuser) and 3 cultivars (Monterrey,
Arendell and Totalle). Each plot consisted of 30 plants per treatment,
with four replicates. Commercial tomato seedlings of indeterminate
growth habit grafted on rootstock cultivar (Shincheonggang) were
used. During the experiment, the electrical conductivity, intensity
of radiation inside the greenhouse, gas exchange, soluble solids,
lycopene content, pH and fruit production were evaluated. We
concluded that the amount of radiation transmitted through the
diffuser favors an increase of about 18% in gas exchange, 12% in
lycopene content and 9.4% in tomato crop production.

Produção de tomate no sistema hidropônico usando diferentes
agrofilmes para cobertura da casa de vegetação

Keywords: Lycopersicon esculentum, lycopene, gas exchange,
radiation.

Palavras-chave: Lycopersicon esculentum, licopeno, trocas gasosas,
radiação.

O cultivo protegido tem aumento ao longo dos anos, havendo
necessidade de ampliar as pesquisas que comprovem benefícios
da utilização de agrofilmes fotosseletivos. A escolha do material
para a cobertura da casa de vegetação é fator decisivo para o
desenvolvimento da cultura e produção. O objetivo deste trabalho
foi avaliar o efeito dos agrofilmes de cor azul e o difusor na
produção de diferentes cultivares de tomateiro de hábito de
crescimento indeterminado no sistema hidropônico-NFT. Utilizouse o delineamento inteiramente casualizado em esquema fatorial
2x3 (dois ambientes e três cultivares): dois tipos de agrofilme (azul
e difusor) e 3 cultivares (Monterrey, Arendell e Totalle), sendo
cada parcela constituída por 30 plantas por tratamento, com quatro
repetições. Utilizaram-se mudas comerciais de tomateiro de hábito
de crescimento indeterminado enxertadas em porta-enxerto cultivar
Shincheonggang. Foram avaliadas durante a pesquisa a condutividade
elétrica, intensidade da radiação dentro da casa de vegetação, trocas
gasosas, sólidos solúveis, teor de licopeno, pH e produção de frutos.
Conclui-se com a pesquisa que a quantidade de radiação que passa
pelo agrofilme difusor favorece um aumento em torno de 18% as
trocas gasosas, 12% o teor de licopeno e 9,4% a produtividade da
cultura do tomate.
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omato is one of the main vegetables
grown in Brazil. The Country ranks
the ninth position, 2.5% of production
worldwide, being possible to increase
its production and commercialization in
the next decade (Dossa & Fucks, 2017).
In Brazil, tomato is cultivated in
approximately 22 thousand hectares of
protected environment and high tunnels
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for producing vegetables and cut flowers
(Cobapla, 2018), considering that about
10 thousand hectares are located in São
Paulo State. Vegetable cultivation in
a protected environment is a booming
activity in Brazil; its great advantage
is the off season production, allowing
greater regularization of supply and
better product quality (Andrade et al.,

2011).
In Brazil, protected cultivation area
has increased along the years, thus
more studies on the benefits of using
photoselective agrofilms are necessary.
Using polyethylene cover on a
greenhouse interferes in microclimate
and in radiation and energy balance,
resulting in several benefits such
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as earliness, increase in production
and plant protection against weather
adversities (Cunha et al., 2002).
Agrofilms known as diffusers
have in their composition additives
which control solar radiation, directly
related to the suitability of temperatures
(Sousa et al., 2002). According to
Papadakis (2000) the ideal material for
protected cultivation has to allow 100%
transmission of photosynthetically
active radiation, with wavelengths
ranging from 0.4 to 0.7 µm, which is
effectively used by plants during the
photosynthesis process.
Blue-colored agrofilm can select
more favorable wavelengths for
plants (PAR radiation), converting
the light bands less used by plants
in photosynthetic process into more
effective wavelengths, such as blue, red
and extreme red. Thus, choosing the
material for covering a greenhouse is an
extremely important factor to maintain
crop development, since it can alter
solar radiation transmission into the
greenhouse, benefiting plants according
to their demands (Guiselini et al., 2004).
Tomato plants need maximal light
capture to maintain their entire vegetative
apparatus and their ability to supply
organs (sources and drains), especially
fruits, which are key players in the
feedback mechanism for their growth
(Gary et al., 2003). The luminosity
saturation point which establishes the
limiting level of photosynthetically
active radiation up to the increase in
CO 2 assimilation should be always
observed. Levels of photosynthetically
active radiation below limit may
restrict photosynthesis and levels above
the limit may promote an excessive
temperature rise of the plant, with
negative consequences on transpiration
and photosynthetic rate (Ferrari & Leal,
2015). However, studies on alterations
caused by photoselective agrofilms in
vegetable production are still scarce
in Brazil.
The aim of this study was to evaluate
the effect of blue-colored and diffuser
agrofilms on production of different
tomato cultivars of indeterminate
growth habit under NFT hydroponic
system.

MATERIAL AND METHODS
The experiment was carried out in
a greenhouse, at Setor de Olericultura
e Experimentação, Engenharia
Agronômica at UNIFENAS, AlfenasMG, from April 2 to October 2, 2018.
Two greenhouses, arch-detached
type, 9-meter wide, 25-m long and
4.0 m ceiling height were used.
Each greenhouse was covered with
blue-colored and diffusing agrofilm,
respectively.
The experimental design was
completely randomized in factorial
scheme 2x3. The treatments consisted
of two covered cultivation environments
with different types of agrofilm
(blue and diffuser) and three tomato
cultivars of indeterminate growth habit
(Monterrey, Arendell and Totalle). Each
plot consisted of 30 plants, with four
replicates.
Blue-colored agrofilm showed
the characteristics of photoconverter,
microclimate control, light diffuser, antistatic, made with five layers, antivirus
and resistant to ultraviolet rays. The
diffuser agrofilm was photoselective,
antivirus, light diffuser, anti-static and
resistant to ultraviolet rays.
We used commercial tomato
seedlings of indeterminate growth
habit (Monterrey, Arendell and Totalle)
on rootstock cultivar Shincheonggang.
Plants were conducted in 10 brickworkpatterned channels (cultivation
channels), 20-cm wide, 25-cm high,
25-m long, 80-cm spacing and 3% slope.
The authors used 3000 L water volume
for nutrient solution. The solution was
time-triggered every 15 minutes, and
covered the channels for 15 minutes;
then, the timer was turned off and the
process was restarted again after 15
minutes. Timer was programmed to
apply the nutrient solution three times
overnight.
The hydroponic solution was
managed weekly late afternoon (5 p.m.).
At 8 a.m. electrical conductivity and pH
(ideal values) were measured, 3.5 mS
cm and 6.5, respectively, completing the
solution volume. The nutrient solution
used was recommended by Marques et
al. (2018).
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Cultural practices and phytosanitary
management were carried out in the
experiment, according to the crop’s
necessity. Plants were tutored using
ribbons, one stem per plant, 35 days
after transplanting. Lateral sprouts were
eliminated from the 15th day of seedling
transplanting every week and defoliation
was performed from the beginning
of fruit ripening and top pruning was
performed above the tenth cluster.
Defoliation consists of the removal
of old leaves, without physiological
activity, aiming to improve aeration,
increase photosynthetic efficiency
and, mainly, reduce risks of incidence
of pests and diseases. Electrical
conductivity, radiation intensity inside
the greenhouse, gas exchange, soluble
solids, lycopene content, pH and fruit
production were evaluated.
At 90 days after seedling
transplanting, the authors standardized
2.00-m height cultivation canopy inside
the greenhouse, recording quality
and quantity of radiation incidence
(Espectrorradiômetro Luzchem, SPR4002, Ottawa, Canada) for one hour,
measuring the minimum radiation (390)
and maximum (790 nanometers).
In order to determine electrical
conductivity, nutrient solution samples
were collected before and after
renovation, every 2 weeks, until the
19th cultivation week, using a digital
conductivity meter (Lutron, mod. CD4303).
Gas exchange, liquid photosynthesis,
transpiration, stomatal conductance,
intercellular CO2 concentration, water
use efficiency and instant carboxylation
efficiency were evaluated using an
IRGA model LI-6400XT, (Li-Cor,
Lincoln, Nebrasca, USA). Two plants
were randomly obtained from each
plot, and sample unit was represented
by the sixth leaf counting from the top,
totally expanded and mature. Since it is a
species which has compound leaves, the
first three leaflets of each leaf were used
for measuring, totalizing six measures.
Saturation irradiance was fixed at 850
μmol m-2 s-1, value defined by a light
curve, value which induced maximum
photosynthesis. Tomato is a C3 plant,
a plant which cyclic mechanism of
enzymatic reactions converts CO2 into
59
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Radiation intensity (W/m2 )

carbohydrates, through the reductive
photosynthetic cycle (C3), generating
the 3-phosphoglycerate. That is why,
the temperature of the IRGA camera was
controlled at 28ºC, since in C3 plants the
maximum photosynthesis rate (TMF)
is achieved in relatively low radiation
intensity, causing no destruction or
damage to the photosynthetic apparatus.
Measurements were carried out on a
6-cm2 leaf area.
Ten harvests were performed during
the experiment, as tomato fruits were
becoming ripe. After harvests, fruits
were separated and classified (MAPA,
1995). Then, number of fruits and
production of marketable fruits were
quantified (average 30 plants per plot).
Tomato fruits were stored in thermal
boxes and taken under refrigeration
to Laboratório de Conservação de
Alimentos of Universidade Federal de
São João Del-Rei, Sete Lagoas-MG,
being prepared and evaluated. All
analyses were performed in triplicates.
We determined pH using a potentiometer
(AOAC, 2012) with the aid of a Tekna
digital pH meter model T-1000, by direct
immersion of the electrode in the crushed
and homogenized fresh fruit extract.
Total soluble solid contents (°Brix) were
determined placing drops of the fresh
fruit extract, crushed, homogenized
and filtered, on the prism of a Reichert
r2MINI digital refractometer. Lycopene
content was determined according to the
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methodology proposed by RodriguezAmaya (2001), which consists of
extracting carotenoids using acetone
(P.A.) and quantifying these chemical
substances using a spectrophotometry
at 470 nm. The results were expressed
in µg of lycopene per 100 grams fresh
mass.
The obtained results were submitted
to variance analysis and averages
submitted to Scott-Knott test, using
SISVAR software according to
theories advocated by Ferreira (2011).
Afterwards, in order to compare the
results, the authors performed statistical
joint analysis of the data obtained in
each greenhouse.

RESULTS AND DISCUSSION
The highest radiation intensity was
obtained using the blue-colored agrofilm
in a wavelength from 454 to 566 nm
and using the diffusing agrofilm in a
wavelength from 470 to 630 nm (Figure
1). The form of electromagnetic waves
in the blue agrofilm varied to blue (470
nm), green (490 nm) and yellow (585
nm), reducing to orange, (585 - 640 nm)
and red (640 - 740 nm). For the diffuser,
less variation for the wavelengths of
blue and orange to red was noticed.
In photosynthetically active radiation,
light absorption varies depending on the
physiological process to blue (435nm)
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Figure 1. Radiation intensity (W/m2) of blue-colored and diffusing agrofilms in relation to
different wavelengths (nm). Alfenas, UNIFENAS, 2018.
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and red (675nm) wavelengths (Kämpf
et al., 2000).
We evaluated electrical conductivity
(CE) before (Figure 2A) and after
(Figure 2B) the preparation of a new
nutrient solution of tomato grown
under the two types of agrofilm.
Throughout cultivation, CE was higher
in the treatment where the blue-colored
agrofilm was used (Figure 2A). This
result may be related to the fact that
the blue-colored agrofilm provided
very varied wavelengths, which made
tomato plants absorb lower quantity of
nutrient solution, resulting in higher CE.
After changing the nutrient solution, no
significant differences were observed
in CE throughout the evaluated weeks
(Figure 2B).
Cultivars Arendell and Monterrey
showed higher stomatal conductance,
liquid photosynthesis and transpiration
rates (Figures 3A, B and C) for
diffusing agrofilm; for cv. Totalle the
highest stomatal conductance, liquid
photosynthesis and transpiration rates
were found using blue-colored agrofilm
(Figures 3A, B and C). Due to higher
radiation intensity caused by the blue
agrofilm, cvs. Arendell and Monterrey
were probably submitted to some type
of photoinhibition which reduced
stomatal conductance and transpiration,
according to observed by Ferraz et al.
(2012). These results are in accordance
with the ones found in this experiment
(Figures 3A, B, C). According to
Lima et al. (2010), stomatal behavior
determines the transpiration demand
by controlling the loss of H2O from the
leaves to the environment, in the form
of water vapor. Liquid photosynthesis is
an indicator of carbon assimilation rate
(Popov et al., 2003), considering that
agricultural productivity is influenced
by morphological and physiological
traits of photosynthetic organs, such as
leaves, and of consuming organs of the
photoassimilates, known as drains.
The highest intercellular CO 2
concentration (Ci) in tomato leaves
was observed with the use of blue
agrofilm, for cvs. Arendell, Monterrey
and Totalle (Figure 4A). The highest
instant carboxylation efficiency was
found in cvs. Arendell and Monterrey,
using diffusing agrofilm (Figure 4B).
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Figure 2. Electrical conductivity evaluated before (A) and after renewing the nutrient solution (B) in tomato crop in relation to the two
agrofilms. Alfenas, UNIFENAS, 2018.
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Figure 3. Stomatal conductance (A), liquid photosynthesis (B) and transpiration (C) of three tomato cultivars in relation to different agrofilms.
Alfenas, UNIFENAS, 2018.

The blue agrofilm was superior when
comparing with the diffusing film for
water use efficiency (EUA) (Figure
4C). According to Jadoski et al. (2005),
an increase in CO2 assimilation rate is
related to higher CO 2 concentration
found in the leaves, which may be related
to stomatal closing in response to abiotic
stresses. Daley et al. (1989) reported
that a reduced stomatal conductance
is able to limit CO 2 retention rate
and, consequently, intercellular CO2
concentration will decrease, due to CO2
consumption by photosynthetic activity.

However, an increase in CO2 content
in the greenhouse may cause reduction
in stomatal conductance (Shimono et
al., 2010). Low stomatal conductance,
observed in high CO2 concentrations
causes less transpiration, considering
that stomatal closing and consequent
reduction of normal flow of CO2 towards
carboxylation site are one of the main
responsible for photosynthesis reduction
(Bosco et al., 2009).
In relation to fruit production, the
authors observed different responses of
the genotypes in relation to the type of
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agrofilm used to cover the greenhouses.
No significant difference was observed
for cv. Totalle, whereas cvs. Arendell
and Monterrey showed the highest
productions when diffusing agrofilm
was used (Figure 5A). This fact was
due to a better light distribution by the
diffusing agrofilm, which maximizes
the use of high light intensities. Also,
light quality strongly affects plant
growth: the light of wavelength in
green zone, causes greater elongation
of stems and leaves; wavelengths
mostly in red and blue zones reduce
61
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Figure 4. Intercellular CO2 concentration (A), instant carboxylation efficiency (B), water use efficiency (C) in relation to different agrofilms
and tomato cultivars. Alfenas, UNIFENAS, 2018.

Figure 5. Tomato production (A) and fruits (B) in relation to different agrofilms and tomato
cultivars. Alfenas, UNIFENAS, 2018.

plant etiolation (Pinho et al., 2012),
decreasing photoinhibition (Li et al.,
2012). The lower and intermediate
leaves are favored by the use of diffused
light, significantly improving their
photosynthetic rates (Dueck et al.,
2012). The lowest production observed
62

with the use of the blue agrofilm may
be related to radiation intensity (Figure
1) in the green zone, of the visible light
spectrum, which may have caused
greater elongation of stems and leaves,
consequently reducing fruit production.
This may also be related to the fact that

tomato is a C3 plant, where maximum
rate of photosynthesis is achieved at
relatively low radiation intensity. Fruit
pH did not range significantly with
the use of agrofilms, for the studied
cultivars (Figure 6A). Soluble solid
contents in fruits, expressed in °Brix,
was higher for cultivars Monterrey and
Totalle, regardless of the cultivation
environment. For cultivar Arendell,
the blue agrofilm provided higher
soluble solid content in relation to
the diffusing agrofilm (Figure 6B).
Minimum contents observed in tomato
juice should be pH 4.3 and soluble solid
content of 5oBrix, at 20oC temperature
(MAPA, 2018). According to Schwarz
et al. (2013), fruits showing soluble
solid content above 3°Brix can be
commercialized in fresh fruit markets.
Lycopene content of the fruits (Figure
6C) was higher when the cultivars
were grown in an environment covered
with diffusing agrofilm. Considering
qualitative trait, this is an important
result, since lycopene belongs to the
carotenoid family, which also includes
beta-caroten, found in some fruits and
vegetables, giving them a red color, and
being usually present in large quantities
in tomato fruits. Several studies point
out the efficiency of lycopene as an
antioxidant, inclusive relating this
function to cancer prevention, especially
prostate cancer (Soares & Farias, 2012).
The authors concluded that the
amount of radiation which passes
through the diffusing agrofilm favors
an increase, of around 18%, in gas
exchange, 12% in the lycopene content
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Figure 6. pH quantification (A), soluble solid content expressed in oBrix (B) and lycopene content in fruits (C) of three tomato cultivars,
grown under different agrofilms. Alfenas, UNIFENAS, 2018.

and 9.4% in tomato production.
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