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During the growth of plants, the 
required sources of the light are 

provided by either the sun or artificial 
lights (Kim et al., 2004). Not only is 
light a simple energy source for plants 
during the photosynthesis, but it is 
also an important factor having the 

control over the process, thus leading 
different developmental processes 
(Lee et al., 2007; Li et al., 2012; Jung 
et al., 2013). In some cases, under 
low light conditions during the winter 
months, the use of artificial lighting 
is necessary to promote plant growth 

(Chia & Kubota, 2010). Supplemental 
lighting is remarkably important 
among the automation systems used in 
greenhouses.

Bedding plants production is 
increasing in Turkey. Pansy (Viola 
spp.) is a bedding plant which has the 

ABSTRACT
Pansy (Viola cornuta) is a facultative long-day plant that flowers 

from October until March in Turkey. During the winter months, low 
light levels can limit plant growth and development. Light emitting 
diodes (LEDs) can provide supplemental lighting in greenhouses 
which produce same light intensity with less energy than conventional 
incandescent lighting. Light emitting diode technologies have enabled 
affordable and efficient light systems to be installed in greenhouses 
and plastic tunnels in the field. In this experiment we evaluated the 
effects of supplemental red-orange LED lightening on the growth and 
development of pansy cv. Blue Blotch grown in plastic tunnels. The 
energy, which LEDs are to consume, was provided through a solar 
panel system with the aim of drawing attention to the cleanliness 
of solar energy source. Five hours of supplement LED lighting was 
applied after dusk starting from November to February. Pansy growth 
and development parameters were compared with non-light supplied 
control plants. Supplemental LED lighting significantly increased 
plant biomass weight, flower number and leaves number at the rate of 
52%, 72%, and 47%, respectively. Moreover, LED lighting increased 
plant growth rate (0.109 and 0.306 g of fresh weight), compared with 
the no light control. LED lighting, however, had no effect on length 
of stems, number of branches and the diameter of flowers. Thus, 
this study indicated that pansies are light limited during the winter 
months and supplemental LED lighting can significantly increase 
pansy growth and development.
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RESUMO
Iluminação suplementar por lâmpadas LED aumenta o 

crescimento da Viola cornuta

A Viola cornuta é uma planta facultativa de dias longos que 
floresce de outubro até março, na Turquia. Durante os meses de 
inverno, os baixos níveis de luz podem limitar o crescimento e 
desenvolvimento da planta. Diodos emissores de luz (LEDs) podem 
fornecer iluminação suplementar em estufas produzindo a mesma 
intensidade de luz que uma lâmpada incandescente convencional, 
com menor consumo de energia. As tecnologias de emissão de luz 
através de diodos permitem sistemas acessíveis e eficientes que 
podem ser instalados em estufas e túneis de plástico no campo. 
Neste experimento avaliou-se os efeitos da suplementação por LED 
vermelho-alaranjado no crescimento e desenvolvimento de Viola 
cornuta, cv. Blue Blotch, cultivada em túneis plásticos. A energia 
necessária para o funcionamento dos LEDs foi fornecida através de 
um sistema de painéis solares com o objetivo de chamar a atenção 
para a fonte de energia solar não poluente. Cinco horas de iluminação 
suplementar por LED foram aplicadas após o entardecer, de novembro 
a fevereiro. Parâmetros de crescimento e desenvolvimento do amor 
perfeito foram comparados com o não fornecimento de luz às 
plantas testemunha. Iluminação suplementar por LED aumentou 
significativamente o peso da biomassa da planta, número de flores 
e número de folhas à taxa de 52, 72 e 47%, respectivamente. Além 
disso, a iluminação LED aumento a taxa de crescimento das plantas 
(0,109 e 0,306 g de peso fresco), em comparação com o controle 
sem luz. Iluminação por LED no entanto, não teve efeito sobre o 
comprimento do caule, número de ramos e o diâmetro das flores. 
Assim, este estudo indicou que o amor perfeito sofre limitação no seu 
desenvolvimento pela menor iluminação durante os meses de inverno 
e, iluminação suplementar por LED pode aumentar significativamente 
o crescimento e o seu desenvolvimento.
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ability to remain in flower in moderate 
climates from the end of October until 
May in the Northern Hemisphere and 
Turkey also. As in the case of many 
other plants, light quantity and quality is 
critical for successful pansy production 
(Runkle & Heins, 2004). Plant weight, 
plant height, internode length, branch 
number and leaf size are influenced by 
light quality and quantity (Fan et al., 
2013). Red-orange light (600-700 nm 
wavelength) can stimulate hypocotyl 
and stem elongation (Chia & Kubota, 
2010; Yang et al., 2012), increase leaf 
area index, and activate phytochrome 
(Johkan et al., 2012). Blue light can also 
increase hypocotyl, stem and internode 
elongation and plant growth (Johkan et 
al., 2010, 2012).

Recent innovations in inexpensive 
lighting systems have increased interest 
in their use in greenhouse cultivation. 
Especially under low light conditions 
during the winter months, artificial 
lighting can increase plant growth (Chia 
& Kubota, 2010). LED grow lights 
have become increasingly common in 
greenhouse production because they can 
increase plant growth during the periods 
when there is insufficient amount of sun 
light (Johansen et al., 2011; Yang et al., 
2012; Sirtautas et al., 2014).

LED lighting has been recently 
installed in greenhouses in Turkey 
because they are  eff ic ient  and 
environmentally friendly over other 
existing artificial illumination sources. 
LEDs are used for plant growing, with 
better results in energy consumption 
compared to fluorescent lamps (Massa 
et al., 2008; Olvera-Gonzalez et al., 
2013). LED lamps provide energy 
savings up to 75% and 30% compared 
with incandescent and fluorescent 
lamps, respectively. In addition, the 
life of a standard lamp is about 1,000 
hours, whereas the average life of 
LED lamps is 20,000-50,000 hours 
(Köksal et al., 2013). LEDs have many 
additional advantages, such as small 
size, specific wavelength, low thermal 
output, adjustable light intensity and 
quality, as well as high photoelectric 
conversion efficiency (Yeh & Chung, 
2009). Furthermore, LED lamps provide 
illumination without damaging the 
plants due to not emit ultraviolet or 

infra-red radiation and not contain 
mercury or lead (Morrow, 2008; Yeh 
& Chung, 2009). Moreover, the LED’s 
energy source can be provided by solar 
panels which allow these systems to be 
placed in tunnels out in the field away 
from energy grid.

There are few studies, however, 
investigating the effects of LED grow 
lights on ornamental plant growth and 
development. The aim of the study was 
to evaluate the use of supplemental 
red-orange LED lighting for greenhouse 
pansy (Viola cornuta) production in the 
Cukurova region of Turkey.

MATERIAL AND METHODS

Blue Blotch pansy (Viola cornuta) 
seeds were germinated in perlite and 
peat (1:1) in plastic germination trays 
in greenhouse in Cukurova University, 
Faculty of Agriculture, Department of 
Horticulture in Adana, Turkey at the 
beginning of September, 2010. The 
temperature and relative humidity 
ranged between 26-28oC and 65-75%, 
respectively, in greenhouse. Uniform 
sized seedlings (35-day old) which 
are in soil media in pots (1.5 L) were 
selected and transplanted to tunnels. 
Some of these plants were exposed 
to supplemental LED lighting, grown 
under specifically designed plastic 
tunnels by the Cukurova University, 
Faculty of Engineering and Architecture, 
Department of Electrical and Electronic 
Engineering in Adana. The tunnels were 
divided into two equal parts by a black 
plastic barrier, each of which consists 
of 1 m2 area per each experimental plot. 
The dimension of each plot is 1x1x1 m. 
The experiment was carried out from 
November to February 2010 for a period 
of four months. Five uniform seedlings 
were planted in each plot. All conditions 
in the tunnels were similar except half of 
the plants received supplemental LED 
for five hours after dusk. Photocells 
activated LED lamps.

At the beginning of the study 
some characteristics of the plants were 
determined to evaluate changes at the 
end of the research, such as root weight 
(5.75 g); shoot weight (5.00 g); plant 
weight (10.75 g); root/shoot ratio (1.15) 

and leaf number (33).
At the end of four months, plants 

were harvested and plant fresh weights 
were determined using a sensitive 
balance. At the end of the 120 days, 
plant growth rate based on the changes 
of plant weights was also evaluated. 
The number of branches, leaves and 
flowers were counted. Plant branches, 
stem, and pedicels were measured using 
a ruler. Leaf chlorophyll concentration 
was estimated using a portable SPAD-
502 meter (Minolta, Osaka, Japan). 
Photosystem II (PSII) was measured 
with a portable fluorimeter (Photon 
System Instruments Ltd) in the 
fully developed leaf of each plant. 
Measurements were taken in the two 
youngest fully expanded leaves of each 
replicate.

The block diagram of installed 
experimental prototype is shown in 
Figure 1. LED grow lamp features 
included: Brand-Helmet, Model-
5H4URCW, Lens size-5, Light color: 
red-orange, Light wavelength: 623 nm, 
Viewing angle: 100°, Light intensity: 
350-800 mcd, Forward voltage (V), 
Typical-2, Max-2.4, Forward current: 
20 mA, 9W. 180-W (2*90-W, 12V) PV 
system is selected for LED grow lamps 
(9-W, 24V- 40 µmol/m2/s Photosynthetic 
Photon Flux Density (PPFD) considering 
the future large scale studies. PV system 
can generate nearly 720-Wh energy 
during the day. The total solar energy 
potential of Adana is nearly 1,390 kWh/
m2/year, and total sun time is 2,956 
hours/year. The total solar radiation is 
350,8634 cal/cm2. The cloudy days in 
Adana during the tests are considered 
as two days which means that 1440-Wh 
stored energy is required. The battery 
group is selected as 2*(100 Ah/12V) 
considering the future studies. The solar 
charge regulator is selected as 24 V/15 
A. The inverter is selected as 600W (24 
VDC/220VAC). The other apparatus are 
photocell, timer, watt transducer, data 
logger, PC, experimental test setup and 
a lux meter.

Significant differences between 
plants grown under LED lighting system 
and control plants were determined via 
t-test (p<0.01 and p<0.05). Statistical 
analyses were performed by using 
SAS v9 software. The treatments were 
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replicated three times and with five 
plants comprising the experimental unit.

RESULTS AND DISCUSSIONS

Supplemental red-orange LED 
l ight ing  (40  µmol /m 2/s  PPFD) 
significantly increased many plant 
growth parameters of pansy (Table 1). 
Root and shoot fresh weight, root/shoot 
ratio, length of branches, leaf number, 
flower number, length of pedicel were 
affected by supplemental LED lighting. 
Compared to control, supplemental 
LED lighting increased fresh weight 
of roots and shoots at the rate of 161% 
and 52%, respectively. Root/shoot 
ratio of plants grown on supplemental 
LED light were 1.9 times greater when 
compared to those ones grown without 
supplemental light. Total plant weight 
of LED lighted plants was two times 
more than control plants. Branch length 
increased by 42% with supplemental 
LED lighting. The number of leaves 
and flowers increased by supplemental 
LED light compared to the control, at 
the rate of 47% and 72%, respectively. 
Pedicel length increased by 22% with 
supplemental LED light compare to 
control. Supplemental LED lighting 
however, had no effect on main stem 
length, number of branches and flower 
size (Table 1). A picture of pansy plants 
grown with and without additional 
lighting is shown in Figure 2. As can 
be seen in the picture, supplemental 
LED lighting increased market value 
of the plants.

According to Figure 3, PSII changed 
significantly between control and 
LED light treatments. PSII increased 
at the rate of 3% with supplemental 
LED lighting compare to control. 
Supplemental LED lighting, however, 
had no significantly effect on SPAD.

Plants grown with supplemental 
LED lights were significantly larger 
and thus more economically valuable 
to the grower. This results indicated 
that the plants were light limited during 
their growth period. Root weight of 
pansy increased with and without 
supplemental LED lighting by 1.8 and 
4.9 times, respectively, during growing 
period. On the other hand, increasing of 

shoot weight was by 2.7 and 4.1 fold for 
control and supplemental LED lighting, 
respectively. According to the beginning 
of the growth period, root to shoot ratio 
increased by 15% with supplemental 
led lighting whereas root to shoot ratio 
decreased by 33% for control plants. 
Leaf number increased by control and 
LED treatments at the rate of 3.7 and 
5.4 fold, respectively. After pansies were 
transplanted into the plastic tunnels, 
total plant growth rates were 0.109 and 
0.306 g/day for the control and LED 
treatments, respectively. Thus, plant 
weight of pansy was increased by 2.8-
fold with five hours of supplemental 
LED lighting compared to the control 
during their growth period.

There are significant effects of 
the different wavelengths of light 
source on the physiology and growth of 
plants. Red-orange light (600-700 nm 
wavelength) is effective on the increase 
in leaf area and biomass (Johkan et 
al., 2012); blue light has an effect on 
the hypocotyl elongation and biomass 
(Johkan et al., 2010, 2012) and green 
light is effective on the leaf development 
and stem elongation (Folta, 2004; Kim 
et al., 2004). In recent years, due to its 
advantages, the use of LED lamps in 

the cultivation of greenhouse plants is 
a subject of interest. Depending on its 
own features, each plant species reacts 
differently to the light source and light 
wavelength.

Li et al. (2012) reported that root and 
shoot fresh weight of Chinese cabbage 
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Figure 1. The prototype of LED growth system (protótipo do sistema de crescimento LED). 
Turkey, Cukurova University, 2010.

Figure 2. Blue Blotch pansy (Viola cornuta) 
plants grown under low plastic tunnels 
without additional lighting (control group) 
and with five hours of supplemental LED 
lighting {plantas de Viola cornuta cultivadas 
sob tunel plástico sem (testemunha) e com 
iluminação adicional por iluminação LED}. 
Turkey, Cukurova University, 2010.
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were increased with low red light (80 
µmol/m2/s PPFD) treatment. For tomato 
plants (Brazaitytė et al., 2010; Köksal 
et al., 2013) and for cucumber seedlings 
(Su et al., 2012), positive effects were 
observed of LED lighting on plant 
weight. Similarly, red-orange light had 
promoter effects on root and shoot fresh 
weight of pansy. Thus, in the present 
study, root to shoot ratio increased with 
red-orange LED lighting. Similarly, 

Samuolienė et al. (2010) demonstrated 
that strawberry plants submitted to red 
light had more roots than shoots. They 
also indicated that combination of red 
plus blue light resulted in greater root 
and lower leaf formation.

In this study, LED lighting had no 
effect on the length of stem (Table 1); 
however, a promoter effect was detected 
on the length of branches. Similarly, in 
many previous studies was reported 

that red-LED light is ineffective on 
plant height. The effect of red light on 
plant height seems inconsistent (Wu 
et al., 2007). Red light inhibited shoot 
elongation in marigold and salvia (Heo 
et al., 2002). Li & Kubota (2009) 
demonstrated that supplemental red-
light had no effect or minimal effect on 
stem length of baby lettuce compared 
to white light. Brazaitytė et al. (2010) 
also related that orange light did not 

Figure 3. SPAD and Photosystem II (PSII) of Blue Blotch pansy (Viola cornuta) plants grown under low plastic tunnels without (control 
group) or with five hours of supplemental LED lighting. X axis indicates plants grown without supplemental light and with supplemental 
LED light at the end of the experiment: A= SPAD; B= PSII {indices SPAD e PSII em plantas de Viola cornuta cultivadas sob tunel plástico 
sem (plantas controle) ou com suplementação de 5 horas de iluminação LED. Eixo X indica plantas cultivadas sem ou com iluminação 
suplementar por lampadas LED. A= SPAD; B= PSII}. Turkey, Cukurova University, 2010.

Table 1. Pansy plants growth (Viola cornuta) and development characteristics when cultivated under low plastic tunnels without (control 
group) or with five hours of supplemental LED lighting {crescimento e caracteristicas de desenvolvimento de plantas de Viola cornuta 
cultivadas sob tunel plástico sem (testemunha) ou com suplementação LED de iluminação}. Turkey, Cukurova University, 2010.

Plant growth parameters Control LED t test (prob>t)
Root weight (g) 10.33±3.95 26.99±3.90 0.0010**
Shoot weight (g) 13.53±2.21 20.51±3.24 0.0119*

Root/shoot ratio 0.69±0.17 1.32±0.14 0.0010**

Stem length (cm) 11.38±1.29 12.00±1.58 0.5132(NS)

Number of branches/plant 5.50±1.29 7.68±1.69 0.0877(NS)

Length of branches (cm) 6.87±0.74 9.75±1.62 0.0068**
Number of leaves/plant 121.75±15.44 179.00±22.09 0.0054**
Number of flowers/plant 8.00±1.00 13.75±4.15 0.0167*
Length of pedicel (cm) 8.55±0.51 10.41±0.78 0.0021**
Flower diameter (cm) 5.28±0.33 5.38±0.23 0.5798(NS)

NS= Not significant (não significativo); **,*Significant at 1 and 5%, respectively (significativo a 1 e 5%, respectivamente).
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have a significant difference compared 
to the other colors of LED lights 
in terms of plant length. Moreover, 
Islam et al. (2012) mentioned various 
effects of EOD supplemental lighting 
treatments (at the end of day) on plant 
height of poinsettia. EOD treatments 
significantly reduced the height of 
Poinsettia cv. Advent-Red when High 
Pressure Sodium (HPS) was used as 
a supplemental lighting. But EOD-R 
treatment (red-LED at the end of day) 
had no effect on height. EOD-R had no 
significant effect on height of Poinsettia 
cv. Christmas Eve. On the other hand, Su 
et al. (2012) indicated that plant height 
of cucumber seedlings increased by 
supplemental red-LED light treatment.

Supplemental red-orange LED 
lighting for five hours had a positive 
effect on leaf and flower number of 
pansy plants. Similarly, in previous 
studies, the number of leaves on tomato 
plants was increased with four or five 
supplemental hours of red-LED lighting 
(Brazaitytė et al., 2010; Köksal et al., 
2013). Supplemental red-LED light has 
a promoting effect on leaf number (Su 
et al., 2012). Li et al. (2012) indicated 
that the number of flowers on Chinese 
cabbage was increased by red lighting. 
Samuolienė et al. (2010) found that 
the pedicel length of strawberries was 
increased with red-LED treatment 
compare to red+blue one.

Supplemental red-orange LED 
lighting had no promoter effect on 
SPAD value. Similarly, Shin et al. 
(2012) determined that SPAD values 
were lower in plants grown with red-
LED light compare to red+blue or 
blue LED light. Bach & Krol (2001) 
indicated that red light (647-770 nm) 
reduced the amount of chlorophylls and 
carotenoids in embryogenic callus of 
Hyacinthus orientalis. Brazaitytė et al. 
(2009) found smallest chlorophyll a/b 
ratio in cucumber leaves grown under 
modules with supplemental green (520 
nm) and orange (622 nm) LEDs. Li et al. 
(2012) mentioned that inhibitory effects 
of red LED light on photosynthesis 
depended on the starch accumulation in 
chloroplasts. Li & Kubota (2009) also 
indicated that supplemental red-light 
had no effect on chlorophyll content of 
baby lettuce compared to white light. 

On the other hand, Yang et al. (2013) 
found that chrysanthemum plants grown 
with low red:far-red (R:FR) ratio (2.5) 
of LED had higher chlorophyll content 
than plants grown on higher R:FR ratio 
(6.5) of LED.

The chlorophyll fluorescence 
parameter (PSII) of the pansy grown 
with supplemental orange-red light was 
higher than on plants grown without 
supplemental light. It is thought that 
these results are derived from low LED 
light (40 µmol/m2/s) which was used in 
the study. Similarly, Ilieva et al. (2010) 
demonstrated that the LED light (70% 
red, 20% green and 10% blue light) 
was effective on quantum yield of 
Photosystem II (ɸ

PSII); They indicated 
that both lettuce and radicchio plants 
grown at low light (220 µmol/m2/s 
PPFD) expressed higher photochemical 
activity of Photosystem II (PSII) than 
plants grown at high light (400 µmol/
m2/s PPFD), evaluated by ɸ

PSII.

LED l ights  are  increasingly 
becoming widespread in terms of 
additional sources in plant cultivation. 
Advantages make LEDs perfect for 
supporting plant growth in controlled 
environment such as greenhouse 
cultivation, plant tissue culture room 
and growth chamber. Depending on its 
own features, each plant species reacts 
differently to the light source and light 
wavelength. The energy consumed 
by LEDs was provided through a 
solar panel system as an approach 
environmentally friendly.

The use of red-orange LED lights 
creates a significant difference in terms 
of plant weight, the length of branches, 
the number of leaves, the number of 
flowers and the length of pedicel of 
pansy plants. The results have shown 
the availability of red-orange LED 
lights during the process of the pansy 
cultivation. Furthermore, they also 
provide a basis for the studies based 
upon the additional lighting of LED 
technology, which will be performed 
with other bedding plants.
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