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Growth and production of Heliconia under different light conditions
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Abstract

The use of shading screens of different colors can change the spectral quality of radiation and, as a 
consequence, the growth and production of crop plants. The aim of this study was to evaluate aspects 
of the growth, yield, and quality of floral stems of Heliconia psittacorum × H. spathocircinata ‘Golden 
Torch’ grown under different light conditions. The treatments consisted of four conditions: blue 
photoconversion screens (35%-40%); red photoconversion screens (18%-21%); black shading screens 
(45%-49%), and full sunlight. The experiment consisted of two parts. In the first, growth was assessed, 
whereas in the second, aspects related to the production and quality of floral stems were examined. The 
experimental design was in randomized blocks with split plots in time. Each plot contained six blocks, 
with 11 replications per block, giving a total of 66 pots per plot. The evaluations were performed at 30-
day intervals over a 6-month period. In the analysis of growth, red screens contributed to the growth 
of the plants, increasing the number of shoots and leaves, and also plant height. The productivity and 
quality of floral stems was, however, highest in plants grown under blue and black screens. It can be 
concluded that, under the prevailing experimental conditions, the use of blue screens (35%-40%) and 
black screens (45%-49%) is suitable for production of the floral stems of ‘Golden Torch’ heliconia. 
Key words: Heliconia psittacorum × H. spathocircinata ‘Golden Torch’. Photoconversion screen. 
Ornamental plant.

Resumo

O uso de malhas de sombreamento de diferentes cores pode alterar a qualidade espectral da radiação 
e, como consequência, o crescimento e a produção de uma cultura vegetal. Desta forma, o objetivo 
do presente trabalho foi avaliar aspectos do crescimento, produção e qualidade das hastes florais de 
Heliconia psittacorum x H. spathocircinata ‘Golden Torch’ cultivadas sob diferentes condições de 
luminosidade. Os tratamentos consistiram em quatro ambientes: malha fotoconversora azul (35-40%); 
malha fotoconversora vermelha (18-21%); malha de sombreamento preta (45-49%) e pleno sol. O 
experimento constou de duas partes: na primeira realizaram-se avaliações de crescimento e na segunda, 
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foram estudados aspectos relacionados à produção e qualidade das hastes florais. O delineamento 
experimental foi em blocos casualizados em esquema de parcelas subdivididas no tempo, sendo seis 
blocos por parcela, cada bloco com onze repetições, totalizando sessenta e seis vasos por parcela. As 
avaliações foram realizadas durante seis meses, com intervalos de trinta dias. Nas análises de crescimento 
observou-se que a malha vermelha contribuiu com o crescimento das plantas, incrementando o número 
de perfilhos, folhas e altura das plantas. A produtividade e a qualidade das hastes florais foi superior 
em plantas cultivadas sob tela azul e preta. Conclui-se que, nas condições experimentais estabelecidas, 
o uso das malhas azul (35-40%) e preta (45-49%) é indicado para a produção de hastes florais de 
Heliconia ‘Golden Torch’. 
Palavras-chave: Heliconia psittacorum x H. spathocircinata ‘Golden Torch’. Malha fotoconversora. 
Ornamentais.

Introduction

Changes in the quantity and quality of solar 
radiation influence the growth, morphology, 
anatomy, and various physiological and biochemical 
aspects of plants, and also promote changes in 
flowering and productivity (DAY et al., 2009; 
CRAVEN et al., 2010; FAVARETTO et al., 2011).

The quality of radiation required for the adequate 
development of plants is related to the composition 
of the radiation spectrum, which is composed of 
different wavelengths. The most important spectral 
bands with respect to photobiological processes are 
ultraviolet, visible, and infrared. Several biological 
processes are influenced by radiation in the visible 
spectrum, and the main sources of energy that 
stimulate photosynthesis and photomorphogenic 
responses lie in this range (HART, 1988; TAIZ; 
ZEIGER, 2013). Thus manipulation of radiation 
quantity and quality has been performed via the 
use of shading and photoconversion/photoselective 
screens.

Black and gray neutral screens decrease the 
incidence of radiation at the plant surface, transmit 
the radiation equally in the range of the visible 
spectrum, and act as neutral density filters (OREN-
SHAMIR et al., 2001). Colored photoconversion 
screens, in addition to providing protection against 
adverse weather conditions, modulate lighting 
by modifying the portion of the light spectra that 
radiates the plant. This enables the control of 
radiation, in order to facilitate the development of 
certain specific plant characteristics, including the 

physiological traits related to variation in the light 
spectrum (ILIĆ et al., 2012).

The responses of various ornamental plants to 
changes in radiation quality include the following: 
extension of the internodes of chrysanthemums 
grown under blue screens (OYAERT et al., 1999); 
greater petiole length and leaf area in Anthurium 
andraeanum cultivated under black shading screens 
(LIMA et al., 2010); increase in the height of sprouts 
of Alpinia ‘Jungle Queen’ and ‘Jungle King’ grown 
under red screens (SOUZA, 2012); and increase 
in the rosette diameter and leaf size of silver vase 
(Aechmea fasciata) grown under red screens 
(HOLCMAN; SENTELHAS, 2013).

The demand for heliconia inflorescences has 
increased in several countries, and this growing 
popularity has stimulated studies that identify culture 
traits of interest for the cut flower agribusiness 
(LOGES, 2012). Thus, in this study, we evaluated 
the aspects of growth, production, and quality of 
floral stems of Heliconia psittacorum × Heliconia 
spathocircinata ‘Golden Torch’ under different light 
conditions. 

Material and Methods

The experiment was conducted between 
November 2013 and May 2014, in the experimental 
area of the Department of Technology and Social 
Sciences (DTCS). Campus III, University of the 
State of Bahia (UNEB), Juazeiro, Brazil (latitude S 
9º25′10′′, longitude W 40º29′16′′ and altitude 367 
m).
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The plant material used for assessing the 
production of Heliconia psittacorum × H. 
spathocircinata ‘Golden Torch’ was obtained 
through the division of rhizomes, derived from 
plants of the flower production area at the same 
university. At 162 days after planting of propagation 
units, the plants were transplanted into 18-L black 
polyethylene pots, in order to also verify the 
influence of treatments on the root system. The 
substrate used was composed of fluvisol, sand, 
and vegetable compost from the company Sanvale 
Gestão Ambiental®, used at a ratio of 1:1:1. Plants 
were watered daily via a drip irrigation system.

The experimental design was randomized in 
blocks with split plots in time. Each plot comprised 
6 blocks, with 11 replications per block, giving 66 
pots per plot and a total of 264 plants. The treatments 
consisted of four conditions: blue photoconversion 
shade cloth (ChromatiNet® Blue 35%-40%), red 
photoconversion shade cloth (ChromatiNet® Red 
18%-21%), black shading screen (Black Mesh 45%-
49%), and full sunlight (no cover). Each treatment 
comprised an area of 10 m × 24 m, height of 3.0 m, 
and an “umbrella-type” structure closed in one of 
the sides.

Evaluations were performed at 30-day intervals, 
over a period of 6 months. Six plants per plot were 
used for each destructive evaluation. These were 
removed from the field and transported to the 
Laboratory of Olericulture at the DTCS-UNEB, 
where the following assessments were performed: 
number of stems, number of leaves, leaf area (cm2), 
plant height (cm), dry mass of aerial parts (g), 
and dry mass of roots + rhizomes. For leaf area 
measurements, all expanded leaves were removed 
from the plant and arranged on a bench, where 
they were photographed. The photographs were 
processed by the program Quant® version 1.0.1 
(VALE et al., 2003). Plant height was measured 
from the tip of the last expanded leaf up to the point 
where the psuedostem sheath changes color, using 
a measuring tape graduated in centimeters. For 
dry matter measurements, plant parts were placed 

in a forced air circulation oven at 65°C for 72 h. 
Subsequently, they were weighed using a digital 
balance and the mass of dry matter calculated.

The following data were also assessed: the 
number of days from issuance of the stem until the 
date of collection of floral stems [CYCLE: after the 
issuance of the stem, we counted the number of days 
until the inflorescence reached the point of harvest, 
the latter being indicated by inflorescences bearing 
two open bracts and a closed clump, according to 
the methodology described by Criley et al. (2001) 
and Lamas (2004)]; the number of inflorescences 
harvested/m² (the number of inflorescences 
collected in an area of one square meter); number of 
floral stems (NFS: obtained from the count of all the 
inflorescences produced in 30 replicates during the 
period of the experiment); flower stem length [FSL 
(cm): for the measurement of FSL the flower stem 
harvested at 2 cm above soil level was measured 
using a tape measure from the point of the cut to the 
base of the inflorescence]; average diameter of the 
flower stem [FSD (mm): the average of the diameter 
of the base of the flower stem and the diameter of 
the base of the inflorescence, measured with the 
aid of a digital pachymeter]; stems with marketing 
standard [SMS: the quality standard established 
by Farias (2004) and Albuquerque et al. (2010) 
was used to determine stems with a length greater 
than 70 centimeters that do not show any injury or 
deformation]. 

Monitoring of the climatic conditions of 
each experimental environment was achieved 
through installation of data acquisition systems 
and temperature and global radiation sensors 
(radiometers). The sensors were connected to an 
automatic data collector (CR1000 Micrologger; 
Campbell Scientific Inc.) powered by a solar panel, 
which was programmed to perform readings every 
second and calculate hourly and daily averages.

The data obtained were submitted to analysis of 
variance, and means were compared using the Tukey 
test at 5% significance. A polynomial regression 
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analysis was also carried out in relation to the 
evaluation periods, and the choice of the regression 
was based on the significance of the coefficient of 
determination of the equations obtained by the t test.

Results and Discussion

The production of heliconia was affected by 
cultivation conditions. There were differences in all 
characteristics of growth, and also in the number of 
stems harvested. Changes in performance of plant 
growth with different color screens were observed, 
being more pronounced compared to the cultivation 
in full sunlight. Thus, it can be inferred that the 
plants of ‘Golden Torch’ heliconia are sensitive to 
the intensity and quality of light, and that shading 
provided by the screens, regardless of percentage 
and coloring, was beneficial to the development of 
plants compared to those grown in full sunlight.

With regard to the number of stems of H. 
psittacorum × H. spathocircinata ‘Golden Torch’, 
significant differences were observed from the third 
assessment, at which time plants grown under black 
screens had a statistically higher number of stems; 
however, this pattern was not observed for other 
parameters. At 120 and 180 days of cultivation, the 
number of stems was higher in plants grown under 
red screens (Table 1). In contrast to the data obtained 
in the present study, Meirelles et al. (2007) observed 
that shading with different screens did not influence 
the number of shoots of Rhaphis excelsa, whereas 
Nomura et al. (2009) and Lima et al. (2010) observed 
that black screens provide better microclimatic 
conditions for plant growth and production of floral 
stems of Anthurium andraeanum ‘Apalai’.

With regard to the number of leaves, it was 
observed that at 180 days of cultivation, plants 
grown under red screens produced more leaves 
than plants grown under the other types of screen 
(Table 1). This can be explained by an increase in 

the red:far red light ratio, provided by red screens, 
which leads to an increase in the number of leaves 
in the canopy of plants. Souza (2012), working 
with Alpinia purpurata, and Kawabata et al. (2007) 
working with Dracaena deremensis ‘Janet Craig’ 
and D. marginata, also observed that plants grown 
under red screens had a higher number of leaves 
when compared with plants grown under other 
types of screen.

The larger number of leaves produced by plants 
grown under red screens, however, did not result 
in increased leaf area per plant after 120 days 
of cultivation (Table 1). However, at 150 days 
of cultivation, plants grown under red screens 
had a higher leaf area. On the other hand, at 180 
days, plants grown under black screens displayed 
statistical superiority in relation to other conditions. 
Similar results were obtained by Nomura et al. 
(2009), who observed that black screens were more 
efficient in promoting the development of leaf tissue 
in Anthurium, whereas Gaffney (2004) observed 
an increase of the total leaf area in croton when 
grown under red screens. The number of leaves and, 
consequently the leaf area, is an important variable 
for the estimation of plant growth, due to the 
relationship between photosynthesis components 
and biological plant production. It is assumed that 
black and red screens provide favorable conditions 
for photosynthetic processes and, consequently, 
better vegetative growth of ‘Golden Torch’ 
heliconia.

The growth in plant height was also positively 
affected by the use of shading with screens, since 
the development of the plants provided with full 
sunlight was lower throughout the evaluation period 
(Table 2). Shading provides a greater ratio of far-
red light, converted into red, which induces plants 
to allocate most of their metabolites to growth in 
plant height (TAIZ; ZEIGER, 2013). 
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Table 1. Shoot and leaf number and leaf area (cm²) of Heliconia psittacorum × H. spathocircinata ‘Golden Torch’ at 
30, 60, 90, 120, 150, and 180 days of cultivation under different conditions (blue screen, red screen, black screen, and 
full sunlight). Period: November 2013 to May 2014. Juazeiro, BA.

 Days after transplantation
30 60 90 120 150 180

 Shoot number
Blue screen 2 a 6 a 6.3 b 8.3 ab 9.3 a 9.8 ab
Red screen 2.5 a 4.8 a 5.8 b 9.3 a 8.2 a 11.2 a
Black screen 2.3 a 4.7 a 8.2 a 7.7 b 9.2 a 9.8 ab
Full sunlight 2.7 a 5 a 6.2 b 7.8 ab 9.7 a 8.3 b

CV (%) 13.01
 Math equation R²
Blue screen y= 0.0487x + 1.8555 89.71
Red screen y= 0.0541x + 1.2889 91.43
Black screen y= 0.0481x + 1.9222 87.27
Full sunlight y= –0.0003x² + 0.1072x – 0.4000 95.12

 Leaf numbers
Blue screen 8.6 a 18.4 a 24.6 ab 27.6 a 36.6 a 34 b
Red screen 11.6 a 17.2 a 20.4 bc 29.2 a 36.8 a 42.2 a
Black screen 9.6 a 16.8 a 29.4 a 28.2 a 29.6 b 36 b
Full sunlight 10.4 a 18.6 a 19.4 c 26.2 a 32.4 ab 34 b

CV (%) 13.44
 Math equation R²
Blue screen y = 0.1758x + 6.5067 90.99
Red screen y = 0.2101x + 4.1733 98.59
Black screen y = 0.1611x + 8.0133 85.9
Full sunlight y = 0.1583x + 6.8800 96.44

Leaf area (cm²)
Blue screen 2034.33 a 1865.09 a 2114.83 a 4463.99 a 3290.55 b 6796.81 b
Red screen 2238.84 a 2051.96 a 2260.91 a 3458.46 a 5542.72 a 5073.23 c
Black screen 1934.62 a 2155.49 a 1774.83 a 3619.26 a 4289.38 b 7833.97 a
Full sunlight 1875.96 a 2069.19 a 2324.23 a 3604.53 a 3945.47 b 4703.92 c

CV (%) 14.05
 Math equation R²
Blue screen y= 0.2517x² – 23.8649 + 2497.9400 81.67
Red screen y= 24.6112x + 853.5047 80.51
Black screen y= 0.4131x² – 50.8115x + 3297.2528 95.93
Full sunlight y= 20.0479x + 982.1451 94.42

*Means followed by the same letter in the column do not differ significantly, as determined by the Tukey test (p > 0.05).

The spectral quality of light to which heliconia 
plants were exposed significantly altered the dry 
matter mass of aerial parts (Table 2), whereas the 
accumulation of root + rhizome dry mass was not 
influenced by the spectrum of light. The latter 
was, however, positively affected by a reduction in 

radiation, since plants grown under black screens 
received the lowest percentage of radiation (Table 
2). It was also found that plants grown in full 
sunlight had a lower mass during the experiment, 
which may be attributed to the inferior development 
of the plants. 
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Table 2. Height, mass of aerial part dry matter (g), mass of dry matter + rhizome (g) of Heliconia psittacorum × H. 
spathocircinata ‘Golden Torch’ at 30, 60, 90, 120, 150, and 180 days of cultivation under different conditions (blue 
screen, red screen, black screen, and full sunlight). Period: November 2013 to May 2014. Juazeiro, BA 

 Days after transplantation
30 60 90 120 150 180

Treatments Plant height (cm)
Blue screen 86.4 a 98.2 a 97.4 a 80.6 a 86.2 a 109 b
Red screen 91.6 a 91.6 a 80.2 bc 80.4 a 82.6 a 112 b
Black screen 85.2 a 89 ab 86.6 ab 79 a 84.8 a 137 a
Full sunlight 92.8 a 75 b 67.6 c 71 a 60.2 b 109 b

CV (%) 11.98
 Math equation R²
Blue screen y = 92.7 *ns
Red screen y = 0.0039x² – 0.7675x + 115.78 77.04
Black screen y = 0.0054x² – 0.9208x + 115.62 74.05
Full sunlight y = 0.0063x² – 1.2927x + 128.50 74.84

Dry mass of aerial part (g)
Blue screen 18 a 32.8 a 44.8 ab 56.6 a 75.2 a 72 b
Red screen 27.1 a 25.6 ab 32.8 b 54.6 a 78.4 a 88 a
Black screen 19.4 a 26 ab 52 a 53.6 a 71.2 a 94 a
Full sunlight 19.6 a 19 b 35.2 b 47.8 a 56.4 b 72 b

CV (%) 24.15
 Math equation R²
Blue screen y = – 0.0013x² + 0.6545x – 1.6000 97.15
Red screen y = 0.4616x + 0.2.6133 91.19
Black screen y = 0.4859x + 1.6800 96.06
Full sunlight y = 0.3684x + 2.9867 93.39

Dry mass of roots + rhizome (g)
Blue screen 14.8 a 39.6 a 69.2 a 78.2 a 188 a 277 c
Red screen 22.8 a 33.3 a 52.8 a 66.2 a 138 b 331.6 b
Black screen 22.8 a 30.3 a 74.4 a 58.8 a 198 a 387.2 a
Full sunlight 16 a 20.2 a 52.6 a 64.3 a 113.2 b 290 bc

CV (%) 26.64
 Math equation R²
Blue screen y = 0.0127x² – 0.9933 + 41.5990 97.54
Red screen y = 0.0159x² – 1.4035 + 33.8778 92.59
Black screen y = 0.0188x² – 1.5978 + 35.0107 93.9
Full sunlight y = 0.01376 – 1.1951 + 27.6263 92.74

*Means followed by the same letter in the column do not differ significantly, as determined by the Tukey test (p > 0.05). 
*ns = not significant.

There was no statistical difference in the number 
of days from the issuance of the shoot until the 
collection of floral stems (CYCLE) between 
treatments (Table 3), The group of H. psittacorum 
× H. spathocircinata has been classified by Castro 
(1993) as a short cycle hybrid, which reaches the 
point of harvest in a period of less than 150 days 
after the issuance of shoots, a period shorter than 

that by other groups. Genotypes with short periods 
between the issuance of shoots and harvest of 
inflorescences are of interest because the floral 
stems are less exposed to damage in the field, and 
additionally enable frequent production of plant 
products from plants that produce throughout the 
year (COSTA et al., 2007).



13
Semina: Ciências Agrárias, Londrina, v. 38, n. 1, p. 7-18, jan./fev. 2017

Growth and production of Heliconia under different light conditions

Table 3. Cycle, total number of floral stems (NFS Total), number of floral stems per square meter (NFS m-²), average 
floral stem length (FSL in cm), floral stem diameter (FSD in cm) and percentage of stems with marketing standard 
(SMS) of Heliconia psittacorum × H. spathocircinata ‘Golden Torch’ grown under different conditions (blue screen, 
red screen, black screen, and full sunlight) and assessed over a period of 180 days. Period: November 2013 to May 
2014. Juazeiro, BA.

 CYCLE NFS Total NFS m-² FSL (cm) FSD (cm) SMS (%)
Blue screen 133 a 171 ab 85.5 ab 66 ab 0.74 a 47.5
Red screen 131.5 a 150 b 75 b 62 b 0.73 a 30
Black screen 127 a 182 a 91 a 69 a 0.74 a 42.5
Full sunlight 126 a 103 c 51.5 c 54 c 0.73 a 7.5

CV(%)  8.72 11.23 10.5 15.59 13.28  
*Means followed by the same letter in the column do not differ significantly, as determined by the Tukey test (p > 0.05).

The number of floral stems harvested (NFS) 
is a well-appreciated variable, since the higher 
productivity may represent a higher number of 
marketable products. A significant difference was 
observed in the number of floral stems (NFS total), 
with a higher number being observed in plants raised 
under black screens, followed by plants grown under 
blue screens, red screens, and full sunlight (Table 3). 
This indicates that differences in luminosity affect 
not only the morphology and physiology of plants 
but also have an important impact on productivity, 
particularly because plant development requires 
appropriate light intensity. A lower percentage 
of luminosity is beneficial for the production of 
floral stems, whereas the excessive light intensity 
experienced by heliconia grown in full sunlight may 
prevent photosynthesis in the plants, thus reducing 
productivity (SONG et al., 2012) (Figure 1).

The number of inflorescences/m² (NFS/m²) 
produced under blue and black screens (Table 
3) was statistically higher than that observed 
under the other conditions. The lowest number of 
inflorescences/m² was observed in plants produced 
in full sunlight (51.5/m²), which is probably due 
to reduced development of plants due to excessive 
light intensity and smaller shoots when compared to 
plants grown under the other conditions. 

According to Castro (1995), plants of the species 
H. psittacorum are recommended for cultivations 
because they produce light and erect inflorescences. 
The average production of inflorescences in this 

species, under the conditions of the Ceará, is 130 
stems/m² in the first year. In an experiment carried 
out in Porto Velho-RO, which has an average annual 
temperature of 25°C, Rodrigues (2010) gathered 78 
inflorescences/m² in 12 months of cultivation and 
86 inflorescences/m² in 15 months of cultivation in 
full sunlight. 

The lower number of inflorescences/m² obtained 
in the present study, compared with those obtained 
by Castro (1995), can be explained not only 
by the age of the plants, but also by the climatic 
conditions and the design of the experiment. It is 
worth emphasizing that only plants grown in full 
sunlight did not yield a satisfactory number of 
inflorescences, and that the productivity of plants 
grown under black screens (91) and blue screens 
(85.5) was superior to that described by Rodrigues 
(2010) at 12 months of cultivation. 

Plants grown under black and blue screens also 
displayed higher flower stem length (FSL), being 
statistically superior to that of plants grown under 
the other conditions. The data from the present 
study are consistent with those of Nomura et al. 
(2009), who also obtained the best results for 
stem length of Anthurium andraeanum ‘Apalai’ 
in plants grown under black screens. The length 
of flower stalks is one of the standards of quality 
observed in the marketing of heliconias, since stem 
shortness imposes limitations on their use in floral 
arrangements, and they are accordingly devalued in 
the market (LOGES et al., 2005).
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Figure 1. Climatic conditions under different shading (blue screen, red screen, black screen, and full sunlight) during 
the cultivation of Heliconia psittacorum × H. spathocircinata ‘Golden Torch’. Period: November 2013 to May 2014. 
Juazeiro, BA. A: Total daily solar radiation (MJ m-2 day-1); B: average daily air temperature (°C). 
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In contrast to flower stem length, the diameter of the flower stalks (FSD) showed no statistical In contrast to flower stem length, the diameter 
of the flower stalks (FSD) showed no statistical 
difference between plants grown under the different 
conditions (Table 3). However, the observed values 
of 0.70 cm are satisfactory, as they are consistent 
with the diameter required for marketing (0.70 cm), 
as asserted by Lamas (2002) and Farias (2004).

The diameter and length of the stem are of great 
importance in the resistance of the flower to winds 
while growing in the field, during transport from the 
field to the treatment site, and throughout selection, 
packaging, and post-harvest periods. In general, 
in cut flowers the carbon reserves contained in the 

stem are used to extend the longevity potential of 
flowers, and the greater the length and diameter 
of the stem, the greater the durability after harvest 
(HERMANS et al., 2006; CASTRO et al., 2007).

With regards to commercial yield, plants grown 
under black and blue screens produced a larger 
percentage of floral stems within the specified 
standard of quality (Table 3), which is in agreement 
with the results of Nomura et al. (2009), who also 
obtained a higher quantity of marketable stems of 
Anthurium andraeanum ‘Apalai’ from cultivation 
under black screens.
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According to the literature, plants of ‘Golden 
Torch’ heliconia can be grown under half shade 
and/or full sunlight (BROSCHAT; DONSELMAN, 
1986; CATLEY; BROOKING, 2006; COSTA et al., 
2006). However, given the results obtained, it is 
noted that the commercial yield of heliconias grown 
in full sunlight, in areas of a high incidence of solar 
radiation, and consequently high temperatures, such 
as in the region of Juazeiro, BA, does not meet a 
standard of quality comparable to that of plants 
produced under shading screens. In terms of global 
solar radiation during the experiment, the total 
maximum daily radiation for cultivation under black, 
blue, and red screens was 14.7, 21.4, and 25 MJ 
m-2 day-1, respectively, whereas that in full sunlight 
reached 28.5 MJ m-2 day-1 (Figure 1A). Average 
values for the period were as follows: black screen, 
11.2 MJ m-2 day-1; blue screen, 16.5 MJ m-2 day-1; 
red screen, 19.0 MJ m-2 day-1; and full sunlight, 22.0 
MJ m-2 day-1. The environment under the red screen 
showed a daily total global solar radiation close to 
that observed in full sunlight, which explains the 
lower productivity under this condition compared 
to that under black and blue screens. 

The higher availability of energy in non-shaded 
areas might have affected the development of 
vegetation and the quality of the floral stems. Plants 
grown in full sunlight had smaller size and stem 
length compared to plants grown under shading, as 
well as a high incidence of stems with breaks and 
whitish coloration (visual data).

One point to be highlighted is that, in terms of 
average daily temperature during the experiment, 
the variation between conditions was very small, 
with a minimum of 23.1 ºC and maximum of 31.5 
ºC (Figure 1B). The average daily temperatures 
for the entire period were 27.5, 27.2, 27.4, and 
27.5 ºC for the conditions under black, blue, and 
red screens, and full sunlight, respectively. In 
other words, on most days, during the experiment, 
the average daily temperature under the different 
conditions was higher than the upper limit of the 
range considered optimal (between 22 and 26 °C) 

for the production of ‘Golden Torch’ heliconia, 
indicated by Cattley and Brooking (1996). In spite of 
these higher average daily temperatures, the shaded 
environments, mainly under black and blue screens, 
provided floral stems within the standard of quality 
required for the crop. It appears, therefore, that the 
reduction in luminosity, produced mainly by the 
black screens (50% shading), provided a favorable 
microclimate for the production of a higher number 
of longer floral stems.

Conclusion

Our results show that the use of black and blue 
screens are indicated for the production of ‘Golden 
Torch’ heliconia because they provide greater 
production and higher rates of floral stems at 
standard sizes for commercialization. 
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