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SUMMARY

Light is a very important environmental factor which affects
plant growth and development in various important ways.
Not only quantity, but also quality is very essential in deter-
mining the plant growth. The influence of light quality on
chlorophyll and carotenoid content of strawberry leaves was
examined. Plants were grown in a greenhouse under differing
light qualities provided by polypropylene filter film (control
without colored cover, yellow, green, blue, transparent, and
red). The treatments were laid out in a randomized design,
each treatment was replicated ten times. The filter films were
set 1m above the crop canopy at the moment of transplant-
ing and left until the end of the experiment. Eight months af-
ter transplanting both chlorophyll and carotenoid content in
leaves were determined in alcoholic dilution using a spectro-
photometer. The effect of different light qualities influenced
chlorophyll content in leaves. The chlorophyll a content was
highest in leaves under green and red light followed by blue,
transparent and yellow light; the lowest chlorophyll a con-
tent was found in control plants. There were no differences
in chlorophyll b content. The carotene / chlorophyll ratio
was highest in leaves developed without cover, and lowest in
leaves under green and red light. Results indicate that the use
of colored covers for provision of selective light quality may
be a used for increasing strawberry production.
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RESUMEN
La luz es un factor medioambiental trascendental que afecta

el crecimiento y el desarrollo vegetal en varios aspectos im-
portantes. No sélo la cantidad de luz, sino la calidad de la

luz. Se examiné la influencia de la calidad de la luz sobre
el contenido de clorofilas y de carotenos en hojas de fresa.
Las plantas se cultivaron en invernadero bajo distintas cali-
dades de luz proporcionadas por peliculas de polipropileno
(control sin cobertura de color, amarillo, verde, azul trans-
parente y rojo). Los tratamientos se dispusieron en un dis-
eno aleatorizado con diez repeticiones. Las peliculas del filtro
se colocaron 1m por encima del cultivo, desde el momento
del trasplante hasta el final del experimento. Ocho meses
después del trasplante, el contenido de clorofila y de carote-
nos en las hojas se determiné por espectrofotometria en di-
lucién alcohdlica. Las diferentes calidades de luz influyeron
sobre el contenido de clorofila. La concentracién de clorofila
a fue mayor en hojas desarrolladas bajo luz de color verde y
rojo, seguida por la luz azul, transparente y amarilla. El méas
bajo contenido de clorofila a se encontré en las plantas con-
trol. No hubo diferencias en el contenido de clorofila b. La
relacién carotenos / clorofila fue mayor en hojas desarrol-
ladas sin cobertura, y més baja en hojas bajo la luz verde y
rojo. El uso de coberturas de colores para proporcionar una
calidad de luz selectiva, podria ser una herramienta Gtil para
aumentar la produccién en fresa.

Palabras clave: clorofila, carotenos, calidad de la luz, color.

INTRODUCTION

Strawberry is an important crop in the cool highland regions
of Colombia, being Cundinamarca, Antioquia and Norte de
Santander the major producing departments. Both planted
area and total production have increased greatly in Colombia
in the past 20 years, reaching nationwide levels of 1135ha
and 45023t by 2011 (Agronet, 2012).
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Precision agriculture is a system-wide approach that seeks to
optimize productive processes by using resources efficiently
across agroecosystem variations in space and time. This
optimization is agronomic, with the adjustment of cropping
practices to plant needs; environmental, with the reduction
of impacts related to agricultural activity; and economic, with
the maximization of competitiveness through more efficient
practices (Zhang et al. 2002; Leiva, 2008).

Along these lines, input use must be optimized in strawberry
production systems in order to increase profit margins and
assure higher competitiveness. Light quality is one of the
production system factors than can be adjusted to better
take advantage of inputs such as water or fertilizer.

Solar radiation is the energy source for photosynthesis by
which plants produce the raw material for their growth and
development. Part of this plant matter is harvested, either
as fruit, leaves, stems or roots (Hernandez et al. 2001). The
quality of solar radiation, meaning the color of light received
by plants may be an important element in the quest to in-
crease production without increasing input use. As a point
of reference, in the central Colombian high plains, small
farmers growing strawberry with a 20-month cropping cycle
spend 6.3% of total production costs on fertilizers and other
soil amendments, while in Antioquia, this agricultural inputs
reach 7.7% (Agronet, 2009).

Since, if photosynthetic efficiency was improved by expos-
ing plants to light wavelengths that better plant behavior and
favor fruit production, it would be possible to obtain higher
yields with the same amount of inputs (Hernéndez et al.
2001; Patil et al. 2001; Casierra-Posada & Rojas, 2009), or
it might even be possible to decrease levels of inputs applied
during the productive cycle.

Light quality has a determining effect on plant morphogene-
sis and pigments, and its effects have been used to commer-
cial ends in horticultural plantations (Rajapakse & Shahak,
2007). In the same way in radish, soybean, and wheat, light
quantity and quality interact to determine plant morphology
(Cope & Bugbee, 2013), which is related to the growth and
development of the plant, and these in turn with its produc-
tion. In other studies with Fragaria sp., exposure to red light
inhibited chlorophyll degradation in adult leaves (Nishiziwa et
al. 1997). In plants of Triticum aestivum, formation of green
pigments in plants was inhibited by red light, but this was
reversed when plants were exposed to blue light or a mixture
of blue and red light. Thus exposure to blue and red light
caused plants to accumulate normal levels of carotenoids
and chlorophyll pigments, as compared with plants exposed
only to red or far-red light (Gupta & Tripathy, 2010). In onion
plants exposure to red light increased chlorophyll content in

comparison with plants exposed to blue light and controls
without colored light filters (Alam et al. 2007).

To determine whether light color affects the structure of pho-
tosynthetic antennae, Gussakovsky et al. (2007) exposed
Pisum sativum plants to blue, red, or white light. Light color
affected LHCII (Light Harvesting Complex II), and the authors
have posited the existence of a long-term “memory” which
affects LHCII sensitivity to current light color. Light quality
strikes plant photosynthesis, since it alters photosynthetic
apparatus activity and affects the Calvin-Benson cycle en-
zymes (Wang et al. 2009).

The existence of a sensitive color memory was also verified
in a trial with Brassica oleracea var. ltalica seeds that germi-
nated under yellow, blue, orange, and transparent covers and
were compared to plants grown in the open. During the nurs-
ery stage, seedlings grown under the red cover showed high-
er dry matter production as compared with other filter colors
and the control treatment. Plants grown under blue cover re-
vealed the lowest dry matter accumulation. The same trend
was maintained even after plants were transplanted into open
field conditions without colored covers (Casierra-Posada &
Rojas, 2009).

Farmers must be presented with cropping alternatives that
improve yield. The use of colored covers for provision of se-
lective light quality may be a useful tool in increasing straw-
berry production. Therefore the objective of the present
study was the evaluation of the effect of different color covers
on the content of photosynthetic pigments in greenhouse-
grown strawberry plants.

MATERIALS AND METHODS

The research was carried out in a glass greenhouse in Tunja,
Colombia, located at 5° 33’ 10.86” N latitude and 73° 21’
24.21” W longitude at an elevation of 2702masl. Ten plants
per treatment were exposed to solar radiation filtered through
15um polypropylene films (suspended 1m above plants) of
different colors: red, yellow, blue, green, and transparent.
Control plants grew in the greenhouse with no plastic film.
Photosynthetical active radiation was determined with a lux
meter 0500 (Testoterm Messtechnik, Lenzkirch, Germany);
light reduction (opacity) under the plastic covers is displayed
in table 1.

Strawberry plantlets (Fragaria sp. cv. Chandler) were used as
planting material. These were kept at a temperature of 4°C
#+ 1°C for three weeks in order to break dormancy and thus
achieve uniform sprouting, after which they were placed in
2L capacity jars containing a nutrient solution with the follow-
ing composition in mg L": nitrate nitrogen 40.3; ammonium
nitrogen 4.0; phosphorus 20.4; potassium 50.6; calcium
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Table 1. Photosynthetically active radiation and opaqueness registered under different covers of polypropylene film

Photosynthetically active Opaqueness
Film color radiation (PAR) (light reduction)
(umol m?s™) (%)
Yellow 152.34 49.25
Blue 99.41 66.89
Red 87.03 71.01
Green 78.95 73.70
Transparent 210.67 29.83
Control* 300.24 0.00

* without colored film

28.8; magnesium 11.4; sulfur 1.0; iron 1.12; manganese
0.112; copper 0.012; zinc 0.02264; boron 0.106; molybde-
num 0.0012; cobalt 0.00036.

Eight months after planting, entire plants were removed from
the solution and the content of carotenoids and chlorophyll
in leaves was determined by grinding leaves and extracting
the pigments in a 70% ethanol solution. After filtering the
solution, absorbance of the samples was analyzed in a Mil-
ton Roy Spectronic 401 spectrophotometer (Warminster, PA,
USA), with wavelengths of 663, 646, and 470nm, according
to the protocol reported by Steibung & Fangmeier (1992).

The trial was organized in a completely randomized design,
with the filter color as treatment variable. Each treatment
consisted in ten plants, with each plant taken as an experi-

mental unit. Results were subjected to a classical ANOVA test
(p<0.05) and Tukey's range test using the PASW program
(Predictive Analytics Software), version 18.0.0 (30-07-2009;
IBM Corporation, Somers, USA).

RESULTS AND DISCUSSION

Levels of chlorophyll a showed highly significant differences
in relation to film color. Maximum values for this pigment
were obtained with green and red plastic film, giving values
of 86.45 and 72.91% more chlorophyll a, respectively, than
controls grown without colored film. On the other hand, the
lowest values were found in plants grown under yellow, blue,
and transparent films, though chlorophyll a in these plants
was higher (by 14.91, 38.71, and 37.81%, respectively) than
that in controls (Figure 1).
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Figure 1. Chlorophyll a content in leaf tissue of strawberry plants grown under different plastic color film.
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In contrast to the present study, Alam et al. (2007) found that
light quality had no significant effect on chlorophyll a content
in onion plants (Allium cepa), but did affect chlorophyll b.
For their part, Islam et al. (2000) reported results similar to
the present study in Cattleya orchids. The authors detected
that both red and blue light increased chlorophyll a content
as compared to plants grown without colored film.

It is important to mention that the light wavelengths that af-
fect photosynthesis are those that activate chlorophyll, while
other wavelengths stimulate auxiliary pigments. Yellow-col-
ored cryptochrome pigments help plants to track biological
rhythms and respond to different wavelengths (Glime, 2007).
Thus light quality can induce morphogenetic responses by
exciting specific pigments. In addition to the well-document-
ed effect of light quality in plants (Alam et al. 2007; Islam et
al. 2000), in the conditions of the present study, the nature
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of the colored plastic films not only changed light quality
but also gave different levels of shading, as shown in table
1. Hence shading apparently also played a role in plant re-
sponses to the different-colored films.

No significant differences between treatments were found
in chlorophyll b content. The significant differences found
in total chlorophyll content obeyed the same proportions as
chlorophyll a content, with red and green films presenting
the highest values. Other colors and the control treatment
showed lower values, following the same trend as for chlo-
rophyll a (Figure 2). Plants exposed to red and green light
contained 45.87 and 56.66% more chlorophyll than control
plants grown with no plastic film, while plants grown under
yellow, blue and transparent films were found to have 8.92,
21.54, and 31.44% more chlorophyll than the control.
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Figure 2. Total chlorophyll content in leaf tissue of strawberry plants grown under different plastic color film.

Miranda & Williams (2007) found that in strawberry plants
exposed to blue light, the total dry weight and total chloro-
phyll content increased, attributed to a high reaction rate
of nonphotosynthetic photochemical processes under blue
light. Wilson et al. (1998) discovered that in broccoli plants
grown in vitro, red light increased dry weight and chlorophyll
content of plantlets, while blue light reduced chlorophyll and
led to elongated stems, but Jao et al. (2005) found higher
chlorophyll content in Zantedeschia plantlets exposed to red
+ blue light, showing that blue light may be involved in chlo-
rophyll development control.

The ratio of chlorophyll a to chlorophyll b was 51.19 and
52.40%, higher, respectively, in plants growing under red and
green films than in control plants. Under yellow, blue, and
transparent films, the value of this ratio was 12.95, 36.27,

and 10.90% higher, respectively, than in control plants grown
with no colored plastic (Figure 3).

In shaded conditions, plants undergo modifications that help
to overcome light limitation, such as higher chlorophyll con-
tent in reaction centers, and a high ratio of chlorophyll b to
chlorophyll a (Glime, 2007; Mc Donald, 2003). In addition,
McDonald (2003) and Schopfer & Brennicke (2006) mention
that phytochrome may act as an indicator of the degree of
shading in the leaves. With increased shading, both the red/
far-red ratio is reduced, as well as the P;, / P, ratio. Given
that light is enriched with far-red wavelengths in the shade,
this tends to excite photosystem I (PSI) preferentially over
PSII, and plants attend to invest resources in PSII (rich in
chlorophyll b) as opposed to an equal increment in PSI and
PSII. A higher total chlorophyll content was seen in the pres-
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Figure 3. Ratio of chlorophyll a to chlorophyll b in leaf tissue of strawberry plants grown under different plastic color film.

ent study as a result of increases in chlorophyll a, but unlike
results mentioned by Glime (2007) and McDonald (2003),
the relationship between chlorophylls a and b and the con-
tent of chlorophyll b showed a tendency contrary to the nor-
mal effect caused by plant shading.

Casierra-Posada & Rojas (2009) used plastic films of different
colors and with differing degrees of opacity to filter light for
broccoli seedlings and detected morphogenetic differences
among plantlets. This was attributed more to light quality
than to opaqueness, since normally when shading increases
so does leaf area, as reported by Francescangeli et al. (2007),
but for Casierra-Posada & Rojas (2009), leaf area decreased
with the increased shading induced by colored films. Thus,
without totally discounting the possibility that shading had a
collateral effect on pigment content, it can be assumed that,
at least in the present study light quality is responsible for
pigment levels in strawberry plants.
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Carotenoid / total chlorophyll ratio

Many authors report that the ratio of chlorophyll a to chlo-
rophyll b is higher in leaves of plants grown under full sun
than in shade-grown plants (Johnson et al. 1982; Chartz-
oulakis et al. 1995; Lei & Lechowicz, 1998; Souza & Valio,
2003). This differs from the results obtained in the present
study in that the treatments producing the highest values for
this ratio were those which, suffered more opacity due to the
polypropylene film. This suggests that in the present study,
the response of strawberry plants in terms of the relationship
between the two chlorophyll types was due to the morphoge-
netic adaptation brought about by light quality.

For the ratio carotenoids to total chlorophyll, highly signifi-
cant differences were found among treatments, with the low-
est values encountered in plants exposed to red and green
lights, which gave ratios 41.00 and 44.84% below the value
for control plants grown with no plastic cover. The ratios of
carotenoids to total chlorophyll found in plants growing un-
der yellow, blue, and transparent films were 12.77, 30.01,
and 14.93% lower than in control plants (Figure 4).
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Figure 4. Ratio of carotenoids to total chlorophyll in leaf tissue of strawberry plants grown under different plastic color film.
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In the blue-green alga Spirulina platensis, light intensity
and quality have been found to affect carotenoid content. In
this species the highest carotenoid concentration was found
when algae were exposed to white light with a photosynthetic
photon flux of 432umol m™ s™'. Beta-carotene and echine-
none were the most abundant carotenoids under white light
of high and low intensity; a algae exposure to red and blue
light reduced myxoxanthophyll content (Olaizola & Duerr,
1990).

Sénchez Saavedra & Voltolina (2002) reported that relative
growth efficiency of the diatoms Chaetoceros sp., Skeleto-
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