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Introduction
Chard (Beta vulgaris L. var. cicla) is a herbaceous leafy 

vegetable cultivated in many parts of the world for a wide 
range in traditional vegetable dishes as a substitute for spin-
ach and in salads. Since chard leaves contain large amounts 
of the nutritionally important vitamins A, C and B as well as 
calcium, iron and phosphorus (Pyo et al., 2004) and carot-
enoids, these traditional vegetables are undergoing a revival 
in many European countries.

Light is one of the major factors influencing plant growth 
and development. Therein, the wavelengths of light reach-
ing plants play an important role (Casierra-Posada et al., 
2012). Plants are continuously exposed to spectral changes, 
in the short term due to changes in weather and sun angle 
and in the longer term due to mutual shading of leaves or 
when shaded leaves become exposed to full sun. The degree 
of shading by nearby plants strongly affects both the light 

German Society for 
Horticultural Science

intensity and spectrum incident on leaves. Spectral varia-
tions can directly alter the photosynthetic quantum yield via 
changes in the relative absorbance by the different pigments 
and via alterations in photosystem excitation balance. Acting 
on a time scale of minutes, state transitions are believed to 
redirect excitation energy from one photosystem to another 
(Haldrup et al., 2001).

To study the effect of quality of light on plants, different 
materials have been used to enrich incident light in certain 
wavelengths of the light spectrum, such as polyethylene 
mulch (Casierra-Posada et al., 2011), transparent polypro-
pylene covers (Casierra-Posada et al., 2012), hail nets (Solo-
makhin and Blanke, 2010) and LED or fluorescent lamps (Lin 
et al., 2013) to enhance growth and contents of health pro-
moting compounds such as ascorbic acid, anthocyanins and 
carotenoids (Schmitz-Eiberger and Blanke, 2013).

In the past, artificial light sources were employed for 
plants with the purpose of increasing photosynthetic photon 
flux density (PPFD), but incandescent or fluorescent lamps 
contain superfluous wavelengths of light, which are not pho-
tosynthetically active and thus inefficient for promoting plant 
growth (Kim et al., 2004). Nevertheless, these wavelengths 
may induce diverse responses in plants as a consequence of 
phytochrome activity (Casierra-Posada et al., 2012).

The exposure of plants to different qualities of light in-

 Summary
To study the spectral light effects and enhance 

health promoting pigmentation in leafy vegetables 
or salads in a greenhouse in Tunja, Colombia, chard 
plants were exposed to sunlight filtered through 
polypropylene films of green, yellow, blue, red col-
our or transparent (control). Leaves of chard plants 
growing under coloured covers, developed a higher 
chlorophyll a/b ratio of 1.6–1.8:1 compared with 
those grown under transparent cover. The ratio of ca-
rotenoids/chlorophyll(a+b) was diminished 7.9–9.5% 
under yellow, green and blue covers compared to 
control, while red cover showed no difference with 
transparent cover. Accumulated dry mass was larg-
est (4.8 g DM) under yellow film than in any other 
treatment (2.3–2.8 g DM). The present study found 
that the yellow cover induced better growth judged as 
dry matter, as compared to the control treatment as a 
consequence of the different contents on the amount 
of chlorophyll and carotenoids, as well as the higher 
photochemical quantum yield of PSII (Fv/Fm). These 
results are discussed with relation to the intensity 
and spectral quality of light, and to the ratio of red/
far-red light (660/730 nm). Chard is used here as an 
example and the results may be transferable to other 
leafy vegetables or salads.
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Significance of this study
What is already known on this subject?
• Spectral filters, which selectively transmit certain 

wavelength bands, have also resulted in growth 
inhibition and other morphological adaptations in 
several plant species. The plant dry weight, percentage 
dry matter, number of leaves, branching rate and total 
leaf area are altered by different light qualities.

What are the new findings?
• The yellow cover induced better growth in the plants 

with regard to dry matter, as compared to the control 
treatment, as a consequence of the different contents 
of chlorophyll and carotenoids, as well as the higher 
photo chemical quantum yield of PSII (Fv/Fm).

What is the expected impact on horticulture?
• Spectral filters can be used on leafy vegetables as an 

alternative for chemical growth regulators in order to 
promote photo morphogenic responses in plants and 
achieve better plant quality and higher nutritional 
values for consumers.
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duces photomorphogenic responses due to photoreceptive 
pigments, of which phytochrome B is principally responsible 
for detecting any reduction in the ratio of red/far red light 
(R/FR). Phytochrome B controls the appearance of plants 
and induces shade avoidance syndrome (SAS) responses 
(Martínez-García et al., 2010). Among other effects, SAS in-
duces the reduction of chlorophyll content in plants, early 
flowering onset with a resulting reduction in seed fill, and 
lastly a heightened sensitivity to herbivory (Izaguirre et al., 
2006) and can enhance apical dominance (Solomakhin and 
Blanke, 2008).

Blue light is expected to excite cryptochromes and photo-
tropin more strongly than the sunlight and shade light spec-
trum, regulating cytoplasmic calcium concentrations and 
changes in gene expression. In addition, phytochrome A has 
also been found to mediate various blue-light responses (Lin, 
2000) and produces a phytochrome signaling that is closer 
to that of the shade light spectrum treatment than of the sun-
light spectrum treatment (Hogewoning et al., 2012). Howev-
er, studies with photoreceptor-deficient mutants suggested 
that the acclimation of photosystem stoichiometry does not 
depend on the presence of phytochromes or cryptochromes 
(Walters et al., 1999).

Some experiments have been done to study the effects of 
light quality on plants, by using usually blue and red colours, 
however, these effects need to be elucidated by using more 
light colours (Wang et al., 2009). Due to the correlation of an-
thocyanins with red light, chard under light conditions may 
improve not only growth parameters, but with the ultimate 
goal of improving their health constituents. Hence, the objec-
tive of the present study was to determine the effect of light 
from specific wavelengths of the spectrum on the growth, the 
content of photosynthetic pigments and the fluorescence- 
related indices in chard plants, bearing the possibilities of the 
new LED technology in mind. Nevertheless, despite the fact 
that LED illumination is a promising technology, preliminary 
trials that utilize more economical resources are needed in 
order to avoid unnecessary costs.  

Materials and methods

Plant material and growth conditions
The experiment was carried out in Tunja, Colombia 

(5°33’10.86”N; 73°21’24.21”W) at an elevation of 2,702 m 
a.s.l., in a greenhouse. In the course of the experiment, aver-
age temperatures of 15.3°C and 71.4% humidity were reg-
istered in the greenhouse. Eight weeks-old chard (Beta vul-
garis L. var. cicla ‘Pencas Blancas’) seedlings were grown in a 
nutrient solution with the following composition (in mg L-1): 
nitric nitrogen 40.3; ammonium nitrogen 4.0; phosphorus 
20.4; potassium 50.6; calcium 28.8; magnesium 11.4; sulfur 
1.0; iron 1.12; manganese 0.11; copper 0.012; zinc 0.026; 

boron 0.106; molybdenum 1.2E-3, and cobalt 3.6E-4. To avoid 
hypoxia in plants, an aeration system oxygenated the nutri-
ent solution.

Ten plants per colour treatment were exposed to solar 
light filtered through polypropylene film (Ozalid S.A., Bogotá, 
Colombia)  in the colours red, yellow, blue, green, or trans-
parent (control). According to the manufacturer, the films 
had a thickness of 22.2 µm and a weight of 34.0 g m-2 . The 
colour films were mounted on long wooden frames, such that 
each plant grew under a roof structure covered by polypro-
pylene on the top but open below to enable aeration and ven-
tilation. Because coloured polypropylene films had different 
levels of transparency, so that some were more dark than 
others, and with the intention of balancing the reduction of 
light, as far as possible, several layers of polypropylene of 
the same colour on wooden frames of the more transparent 
covers were placed, thereby the plants would be influenced 
mainly by the colour of the cover, rather than by the reducing 
of light. Photosynthetic photon flux density (PPFD), light re-
duction (opacity), and the ratio of red to far-red light (meas-
ured at 660±20/730±15 nm) under the different covers was 
recorded for Table 1. The light/spectral transmittance of the 
different plastic films is presented in Figure 1. PPFD was de-
termined with a Light Scout Quantum Meter 3415 (Spectrum 
Technologies, Inc. Plainfield, IL, USA) and R/FR ratio with a 
Field Scout Red/Far red Meter 3412 (Spectrum Technolo-
gies, Inc. Plainfield, IL, USA).

Chlorophyll fluorescence measurements
Forty-two days after transplanting, chlorophyll fluores-

cence measurements were conducted on fully expanded 
leaves, using a Junior-Pam Chlorophyll Fluorometer with 
an actinic light pulse of 820 μmol m-2 s-1 (H. Walz, Effeltrich, 
Germany). When selecting the leaves for taking the measure-

Figure 1.  Transmittance of monochromatic plastic films used 
to induce changes in the light quality in chard plants (Beta 
vulgaris L. var. cicla ‘Pencas Blancas’).

Table 1.  Characteristics of light measured under polypropylene films used as coloured filters in chard plants (Beta vulgaris 
L. var. cicla ‘Pencas Blancas’).

Cover colour Photosynthetic photon flux density 
(PPFD) (µmol m-2 s-1)

Opacity (light reduction)
(%)

Red/far red ratio
(at 660/730 nm)

Yellow 234 52,4 0,88
Blue 185 62,3 0,85
Red 278 43,5 1,15
Green 261 46,9 0,88
Transparent (Control) 265 46,1 1,00
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Figure 1.  Transmittance of monochromatic plastic films used to induce changes in the light quality in chard plants 
(Beta	vulgaris L. var. cicla ‘Pencas Blancas’). 
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ments, an intermediate age was sought, between the young-
er and more mature leaves.  Before measuring chlorophyll 
fluorescence parameters, leaves were put in a dark-adapted 
state for 1 h using aluminum foil. The following chlorophyll 
fluorescence yields were measured: Minimal fluorescence 
yield (F0), maximal fluorescence yield (Fm), chlorophyll 
fluorescence yield (Ft), maximal variable fluorescence (Fv), 
quantum yield of photochemical energy conversion in PS II 
(ΦII), quantum yield of regulated non-photochemical energy 
loss in PS II (Y(NPQ)), quantum yield of non-regulated non-
photochemical energy loss in PS II (Y(NO)), relative electron 
transport rate (ETR), fluorescence quenching coefficients 
(qP, qL and NPQ) and maximal photochemical quantum yield 
of PSII (Fv/Fm).

Determination of leaf pigments content
Eight weeks after transplanting, whole plants were har-

vested and measured for chlorophyll and carotenoids content 
in leaves, determined by dilution of photosynthetic pigments 
in a 70% ethanol solution. From each plant a longitudinal 
half of a leaf, without the central vein, was harvested for this 
measurement. This leaf portion was macerated and filtered, 
and afterwards absorbance of the sample was analyzed 
using a Spectronic 401 spectrometer (Milton Roy, Ivyland, 
PA, USA) set to wavelengths of 663, 646, and 470 nm, ac-
cording to the protocol reported by Lichtenthaler and Lester 
Packer (1987).

Plants were arranged in groups, with the cover colour as 
the grouping factor. Each treatment consisted in ten plants, 
with each plant as replicate. The data obtained from the trial 
were subjected to classic analysis of variance (P < 0.05), and 
the Tukey range test using the IBM SPSS statistics program, 
version 19.0.0 (IBM Corporation, Somers, NY, USA).

Results

Leaf chlorophyll fluorescence responses to light quality
The basic fluorescence yield (F0) presented the lowest 

mean in the control and the highest value in plants placed 
under the red cover, with statistical differences. In fact, 
plants grown under the films green, blue and yellow, showed 
F0 means ranging from 4.4 to 10.49% above the value found 
in the control plants, however, plants grown under red cover 
showed a F0 value 20.8% higher than the control (Table 2).

In relation to the value of the maximal photochemical 
quantum yield of PSII (Fv/Fm), there was statistical difference 
between the control plants and plants of the other treat-

ments, in which the value of Fv/Fm was 1.1-3.2% higher than 
the control. The highest value of this variable was shown by 
plants grown under the yellow cover (Figure 2).

The value of the maximal variable fluorescence (Fm) 
showed statistically significant differences. All plants grown 
under coloured covers showed higher values of this param-
eter than the control plants under the transparent cover (Ta-
ble 2). This increase was in the range of 16.0-28.9% above 
the mean of control. The higher value of Fm was found in 
plants grown under yellow cover. Finally, the values of the 
indices Ft, Fv, ETR, ΦII, Y(NO), Y(NO) and Y(NPQ), as well as 
the other fluorescence quenching coefficients, showed no 
statistically significant differences between treatments.

Leaf pigments content responses to light quality
Although no statistically significant difference was found 

for the variables chlorophyll a, chlorophyll b, carotenoids, or 
chlorophyll(a+b), the chlorophyll a/b ratio was highly signifi-
cant at the P < 0.01 level. As compared to the control plants 
grown under the transparent film, all plants of other treat-
ments shown higher means of the chlorophyll a/b ratio than 
control (Figure 3).

The carotenoid/chlorophyll(a+b) ratio gave significantly 
different values among treatments (P < 0.01) (Figure 4). 

Table 2.  Effects of light quality on the basic fluorescence yield 
(F0) and the maximum fluorescence level (Fm) measured 
in chard plants (Beta vulgaris L. var. cicla ‘Pencas Blancas’) 
exposed to monochromatic plastic films.

Source of 
variation

Basic 
fluorescence yield

Fo

Maximum fluorescence 
level
Fm

Transparent 187.33 c 1021.33 c
Yellow 207.00 b 1316.67 a
Green 200.67 bc 1185.33 b
Red 226.33 a 1305.67 ab
Blue 195.67 bc 1217.67 ab

Means in columns with different letters are significantly different from 
one another (Tukey’s HSD test, P<0.01) (n=10).

Figure 2.  Maximum photochemical quantum yield (Fv/Fm) 
calculated in chard plants (Beta vulgaris L. var. cicla ‘Pencas 
Blancas’) exposed to different light quality.  Means in bars 
with different letters are significantly different from one 
another (Tukey’s HSD test, P < 0.01).

13 

 
 

 
 
 
 
 
Figure 3.  Chlorophyll a/b ratio in leaves of chard plants (Beta	vulgaris L. var. cicla ‘Pencas Blancas’) exposed to 
different coloured polypropylene covers (n=10). Means in bars with different letters are significantly different 
from one another (Tukey’s HSD test, P<0.01). 
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Figure 3.  Chlorophyll a/b ratio in leaves of chard plants (Beta 
vulgaris L. var. cicla ‘Pencas Blancas’) exposed to different 
coloured polypropylene covers (n = 10). Means in bars with 
different letters are significantly different from one another 
(Tukey’s HSD test, P < 0.01).
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Figure 2. Maximum photochemical quantum yield (Fv/Fm) calculated in chard plants (Beta vulgaris L. var. cicla 
‘Pencas Blancas’) exposed to different light quality. Means in bars with different letters are significantly different 
from one another (Tukey’s HSD test, P<0.01). 
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Plants located under the red and transparent films exhibited 
higher carotenoid/chlorophyll(a+b) ratio. In connection with 
control plants, yellow, green and blue covers induced a re-
duction of this ratio ranging from 7.9 to 9.5%. Regarding to 
our results, Wang et al. (2009) observed that the effects of 
different light qualities on CO2 assimilation rate and biomass 
were exactly correlated to the absorption spectra of photo-
synthetic pigments, chlorophylls and carotenoids.

Dry weight responses to light quality
Total dry matter produced in chard plants exposed to 

different coloured covers presented highly significant differ-
ences (P < 0.01). The most evident difference was found in 
plants growing under the yellow cover, in which this value 
reached 101.04% above the value  found in the control plants 
growing under the transparent cover. The other treatments 
showed no significant difference in the value of this variable 
(Figure 5).

Discussion

Chlorophylls content
The pigment composition and absorbance properties 

differ widely for both photosystems; therefore, the balance 
of excitation between the two photosystems is wavelength 
dependent (Eckardt, 2012). So, combining different wave-
lengths can substantially enhance quantum yields since 
Hogewoning et al. (2012) showed quantitatively that leaves 
adjust their photosystem composition to their growth light 
spectrum and how this changes the wavelength dependence 
of the photosystem excitation balance and quantum yield 
for CO2 fixation. The absorption of incident light by a leaf is 
strongly wavelength dependent because different leaf pig-
ments have different absorptance spectra. Blue and red light 
are the most strongly absorbed and red light (600 to 640 nm) 
has the highest quantum yield, whereas blue and green light 
(<580 nm) are considerably less effective in driving photo-
synthesis (Eckardt, 2012).

The findings of Chartzoulakis et al. (1995) and Souza 
and Válio (2003) support the results of our study, in which 
the higher values of the chlorophyll a/b ratio were found in 
those treatments that, according to Table 1, had a lower light 
reduction (43.5–46.9%). A case in point is the blue cover, 
which despite having an opacity of 62.39%, showed no sig-
nificant difference from plants grown under red and green 
covers. In the same way, no apparent relation was found be-
tween this result and the ratio of red/far-red light presented 
in Table 1. These findings suggest that the changes in chlo-
rophyll a/b ratio encountered in chard leaves in the present 
study are due to a photomorphogenic adaptation triggered 
by light quality. On the other hand, Hogewoning et al. (2012) 
found the lowest chlorophyll a/b ratio in the leaves grown 
under a shade light spectrum and slightly lower in leaves ex-
posed to sunlight spectrum, compared with blue light-grown 
leaves. These differences were attributed to changes in the 
antenna size of PSII or to changes in the PSI/PSII ratio.

It has been reported that illumination conditions strong-
ly influence chlorophyll content, as seen when Kopsell et al. 
(2005) found that in Ocimum basilicum L. plants, chlorophyll 
content was higher in open field conditions (569 µmol m-2 
s-1) than in a greenhouse (515 µmol m-2 s-1). Kurasova et al. 
(2000) found that carotenoid and chlorophyll contents in-
creased in Hordeum vulgare L. under high irradiance, while 
Behera and Choudhury (2003) showed similar results for 
both pigments in Triticum aestivum L. Contrary to these 
findings, the chard plants in the present study showed an in-
crease in the ratio carotenoids to chlorophyll(a+b) when grown 
under transparent and red films as compared to the yellow, 
green and blue covers, despite of red, green and transpar-
ent films induced low difference in the light reduction (Table 
1). This suggests that the phenotypic plasticity of the ma-
terial evaluated is a determinant of plant response to light 
enriched with a particular band of the spectrum, such that 
different species differ in their ability to adapt to ambient 
conditions. This suggested that the different results were 
due to a difference in the ratio of red to far-red light, given 
that the green film had a value of 0.88 for this ratio, while the 
ratio under the transparent and red films ranging from 1.0 
to 1.15. This indicates that phytochrome is responsible for 
the differences in the ratio of carotenoids/chlorophyll(a+b) in 
chard plants affected by different light quality under green, 
red and transparent covers. 
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Figure 4.  The ratio of carotenoids to chlorophyll(a+b) measured in chard plants (Beta	vulgaris L. var. cicla ‘Pencas 
Blancas’) grown under coloured polypropylene covers (n=10). Means in bars with different letters are significantly 
different from one another (Tukey’s HSD test, P<0.01). 
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Figure 4.  The ratio of carotenoids to chlorophyll(a+b) measured 
in chard plants (Beta vulgaris L. var. cicla ‘Pencas Blancas’) 
grown under coloured polypropylene covers (n = 10). Means 
in bars with different letters are significantly different from 
one another (Tukey’s HSD test, P < 0.01). 

Figure 5.  Total dry weight per plant measured in chard 
plants (Beta vulgaris L. var. cicla ‘Pencas Blancas’) exposed to 
polypropylene covers of different colours (n = 10). Means in 
bars with different letters are significantly different from one 
another (Tukey’s HSD test, P < 0.01)
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Figure 5.  Total dry weight per plant measured in chard plants (Beta	vulgaris L. var. cicla ‘Pencas Blancas’) exposed 
to polypropylene covers of different colours (n=10). Means in bars with different letters are significantly different 
from one another (Tukey’s HSD test, P<0.01). 
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Carotenoids vs. chlorophylls
In the present study, there was no statistical difference for 

both carotenoid and chlorophyll(a+b) content in chard leaves 
exposed during eight weeks to monochromatic light. A simi-
lar result was reported by Lin et al. (2013), in leaves of lettuce 
plants exposed to red, blue, and white light-emitting diodes. 
They found that chlorophyll a contents of lettuce leaves in 
all treatments were higher than the respective chlorophyll b 
contents. However, no significant differences were observed 
in pigment contents (Chl a, b, a+b, and Car) regardless of the 
light spectra. In our study, after analyzing the collected in-
formation for carotenoids and chlorophyll(a+b), we observed 
that although these two parameters showed no significant 
differences, plants exposed to red and transparent cover had 
relatively higher contents of carotenoids than plants exposed 
to other cover colours, which induced statistically significant 
difference in the carotenoids/chlorophyll(a+b), as shown in 
Figure 4, in exposed plants to covers these two colours (red 
and transparent). Saebo et al. (1995) reported that plants 
with smaller chlorophyll contents seemed to use the chloro-
phyll more efficiently than plants with excessive chlorophyll. 
Based on this approach, Lin et al. (2013) argued that the let-
tuce plants might be using the chlorophyll more efficiently 
under red+blue+white LED lights than under red+blue LED 
lights.

Contrary to the findings of the present study regarding 
the leaf pigments responses to light quality, Miller and Zalik 
(1965) found statistically significant differences in chloro-
phyll content when they exposed plants of Hordeum vulgare 
L. to green and red light as opposed to a white light control, 
and in carotenoid content in plants growing under green 
light.  The contrast between the results of the 1965 trial and 
the findings of the present experiment was due to the possi-
bility that the implements used to alter the light quality were 
different in the two studies.

To better understand the results shown in Figure 3, it is 
important to consider that the treated plants were grown 
under light  reduction, ranging from 43.5 to 62.3% in com-
parison to the conditions outer the wooden frames covered 
with coloured films; therefore they exhibit modifications 
that allow them to overcome the lack of light, such as a high-
er chlorophyll content in reaction centers, and a high ratio 
of chlorophyll a/b (Glime, 2007). The reverse is also true; 
leaves grown in full sun show a high ratio of chlorophyll a/b 
as compared to shade-grown leaves (Chartzoulakis et al., 
1995; Souza and Válio, 2003). Considering these two posi-
tions, and according to the information presented in Table 1, 
we can infer that the variations in the values of the chloro-
phyll a/b ratio were consequence of the monochromatic light 
filtered through the coloured films, given that the reduction 
of light under the transparent, green and red covers showed 
very similar values, however, statistical differences between 
plants under the green and blue covers were observed in 
comparison to plants placed under the transparent cover 
(control).

The increase in the carotenoids and chlorophylls ratio 
in plants grown under the red or transparent covers in the 
current study was due more to the red/far red ratio than 
to the light intensity, since these two covers presented the 
highest red/far red ratio (from 1.0 to 1.1) among all assessed 
covers, while, on the other hand, reduction of light in these 
two films was the lowest among all treatments in our study 
(43.5 to 46.1) (Table 1). This finding suggests a phytochrome 
regulated activity controlling the fraction of carotenoids and 
chlorophylls in chard plants exposed to different light qual-

ity. Wu et al. (2007) found a higher β-carotene content in 
the red light-treated group than blue light-treated group in 
leaves and stems of Pisum sativum L. seedlings. Therefore, it 
must also be taken into consideration that both the quantity 
and quality of light regulate the activity and composition of 
the photosynthetic apparatus (Dietzel et al., 2008), and the 
light environment therefore plays a critical role during leaf 
development and gives rise to adaptations that will greatly 
influence the photosynthetic properties of leaves (Baldi et 
al., 2012).

Plant responses to different coloured light are contradic-
tory, and depend largely on light sources and plant species 
evaluated. Lin et al. (2013) found no statistically significant 
differences in chlorophylls and carotenoids content when 
they exposed Lactuca sativa L. plants to red, blue, and white 
LED lights. Morris et al. (1979) found that in Solanum tubero-
sum L., short daily periods of illumination with far-red light 
inhibited synthesis of chlorophyll a and b in stored tubers. 
Furthermore, Li et al. (2013) reported higher chlorophyll 
content in Brassica napus L. plants exposed to red and blue 
LED light as compared to fluorescent light.

Fluorescence-related indicators
The bands of blue and far-red light present in white light 

are known to have an influence on genetic expression and 
photomorphogenesis (Gupta and Tripathy, 2010). Kegge and 
Pierik (2010) reported that far-red light, despite its inef-
ficiency for photosynthesis, gives plants relevant informa-
tion on the surrounding environment. Sensors for far-red 
light, stimulated by red radiation and the relation between 
red and far-red, drive activity in molecular, biochemical, and 
morphological processes (Casal and Yanovsky, 2005). In this 
way certain light wavelengths that are not useful for plant 
metabolism can influence plant morphology, composition, 
and adaptive strategy to optimize light capture when light 
quantity or quality is unfavorable.

In plants grown in low light, the photon energy absorbed 
by their leaves is low and their photosynthesis rates depend 
on the supply of the photons. Under these conditions, NADP+ 
and ADP are rapidly regenerated, and the electrons flow ef-
ficiently in photosynthetic electron transport, as observed in 
the high quantum yield of PSII (Φ(PSII)) (Miyake et al., 2009). 
Based on this approach, even though plants in our study grew 
exposed to low PPFD, ranging from 185 to 278 μmol m-2 s-1, 
no difference was found for the Φ(PSII). Nevertheless, the val-
ues of F0 and Fm found in plants exposed to the yellow cover 
resulted in the highest value of the maximal photochemical 
quantum yield of PSII (Fv/Fm), since these two parameters 
allow the calculation of this ratio. Therefore, despite all the 
plants grown under the different treatments showing a ratio 
Fv/Fm corresponding to healthy plants, which varies between 
0.78–0.84 (Bjorkman and Demmig, 1987), plants placed un-
der the yellow film exhibited a slight increase of Fv/Fm, which 
was enough to induce a lower level of stress in these plants, 
causing that they could accumulate as much dry mass. Simi-
larly to results of our study, Wang et al. (2009) found little 
differences in the Fv/Fm among their treatments (blue, green 
and yellow-grown plants).

Photosynthetic organisms can adapt to spectral changes 
by altering the relative size of the two photosystems, thus, at 
least partly restoring the excitation balance between them 
(Liu et al., 2006). A dynamic, rather than static, thylakoid 
membrane in which the stoichiometry of the two photosys-
tems is adjusted and optimized in response to light quality. 
Direct evidence is provided that photosystem stoichiometry 
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adjustments in chloroplasts are a compensation strategy de-
signed to correct unbalanced absorption of light by the two 
photosystems. Such adjustments allow the plant to maintain 
a high quantum efficiency of photosynthesis under diverse 
light quality conditions and constitute acclimation that con-
fers to plants a significant evolutionary advantage over that 
of a fixed photosystem stoichiometry in thylakoid mem-
branes (Chow et al., 1990).

Dry mass production
About our findings regarding the dry mass production, 

Wang et al. (2009) reported highest growing of Cucumis sati-
vus L. plants under red light, followed by those under white, 
purple, blue and green, with the lowest mean under yellow, 
implying that different plant materials are differently affect-
ed by light quality.

Faster growth and higher protein and chlorophyll con-
tent have been found in plants and microorganisms exposed 
to blue light as opposed to white light (Rivkin, 1989; Senger, 
1987). Nevertheless, other authors (Humbeck et al., 1988) 
suggest that total irradiance is more important than spectral 
composition, and that, after acclimation, responses depend 
on available light quantity and not quality. In fact, photo-
morphogenic responses to light quality in terms of factors 
like net assimilation rate are contradictory. While Bocca-
lando et al. (2009) report that in Arabidopsis a high red/far-
red ratio increases stomatal index and photosynthetic rate, 
Xiong et al. (2011) found a positive effect on net assimila-
tion rate when they exposed plants of Cucumis sativus L. to 
far-red light. Therefore, the present study showed that the 
yellow cover induced an evidently higher production of dry 
matter, as compared to other treatments (Figure 5), although 
light reduction under the yellow cover was higher (52.4%) 
than under the red, green and transparent films (from 43.5 
to 46.9%). Even, blue film induced a light reduction of 62.3% 
despite which showed no statistical differences with the 
response of plants growing under the red, green and trans-
parent films, suggesting that phytochrome is involved in 
response of plants regarding the dry mass production per 
plant. Really light quantity determines plant growth, accord-
ing to the plasticity of each plant material, quality of light 
regulates the dry matter production in plants together with 
the light quantity. In this way, light quality selective plastic 
films may serve as a non-chemically growth regulating tool 
for plant production in greenhouses (Patil et al., 2001).

Light quality is also known to strongly influence dry mat-
ter partitioning and carbohydrate accumulation, due to the 
fact that both plant growth and morphological characteris-
tics of plants are altered when exposed to different quality 
lights. Also, plant growth and CO2 assimilation rates are sig-
nificantly influenced by light quality. The different absorp-
tion for different quality lights might partly explain the dif-
ference in CO2 assimilation rates in plants grown under dif-
ferent coloured lights (Wang et al., 2009). 

Conclusions
Finally, it should be noted that the yellow coloured film 

demonstrated the best conditions for plant growth, as seen 
with the higher production of dry mass and higher photo-
chemical quantum yield of PSII (Fv/Fm). Therefore, exposing 
plants to films of this colour or enriching the incident light 
on plants with yellow range light would result in obtaining 
chard plants with better quality for the markets. On the other 
hand, it must be considered that the chard plants were taken 
as a model for the possibility of extrapolating data for other 

commercial plants that present similar characteristics, such 
as spinach, due to the fact that they belong to the same family. 
In this way, it is possible to predict the reaction of these other 
plants when exposed to coloured films . 
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