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Abstract 

 
To compare green and variegated foliage plants namely; Hedera helix, Ardisia pusilla and Scindapsus aureus were 

treated under three different light intensities (2, 10 and 20 µmol·m-2·s-1) using florescent lights for three months, and 
photosynthetic characteristics and chlorophyll content were measured. IMAGING-PAM chlorophyll fluorescence system 
was used to determine photosynthetic characteristics. The results showed that Fv/Fm (maximal PS-II quantum yield) and Y 
(II) (effective PS-II quantum yield) values were lower in variegated species compared to those in green species at 2 µmol·m-

2·s-1 light intensity. Although, Fv/Fm and Y (II) values in variegated S. aureus was lower than variegated H. helix, but 
variegated S. aureus survived and Hedera helix plants died after low light treatment. In contrast, Fv/Fm and Y (II) values 
were increased in green and variegated species with increasing the light intensity, except Fv/Fm value for variegated S. 
aureus which was slightly decreased at 20 µmol·m-2·s-1 light intensity. The ETR (electron transport rate) value was also 
lower in both green and variegated species at 2 µmol·m-2·s-1 intensity. ETR values saturated in green and variegated plants 
with increasing the light intensity. Higher level of chlorophyll was obtained in green species compared to variegated species 
for both low and high light intensity treatments. Chlorophyll content in green species decreased at 20 µmol·m-2·s-1 light 
intensity, whereas in variegated species, chlorophyll content increased with increasing the light intensities. The results of 
chlorophyll fluorescence parameters showed that especially low light intensity created stress condition in variegated foliage 
plants compared to green plants, and affected the normal growth and development. 
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Introduction 
 

Foliage plants (Hedera helix, Ardisia pusilla and 
Scindapsus aureus) are often used as house plants because 
of their attractive foliage and their ability to survive and 
grow under limited indoor light (Chen and Henny, 2008; 
Kim et al., 2012). Foliage plants have widely diverse 
forms, patterns of foliar variegation, and colors. Based on 
their appearances, foliage plants can be simply 
categorized into three groups; green-leaf, variegated-leaf, 
and flowering foliage plants (Chen et al., 2005). Among 
the characteristics of foliage plants, variegation is an 
important trait, which is popular and provides unique 
visual appearance and aesthetic variation in interior 
design, making it one of the considerations of consumer’s 
preferences in purchasing decisions (Chen et al., 2004). 
Leaf variegation can be appeared by differential gene 
expression, leaf blisters, virus, or genetic mosaics such as 
chimeras (Marcotrigiano, 1997), and variegation 
appearance can be altered by environmental factors, 
particularly light intensity (Tilney-Bessett, 1986). 
However, it is established that foliage plants can 
effectively improve the indoor air quality by reducing 
many components including volatile organic compounds 
(Wolverton & Wolverton, 1993; Kim et al., 2010). 

Environmental stress factors, such as light, 
temperature, chilling, heavy metals and drought may 
produce deleterious effects on photosynthesis and 
consequently damage higher plant or algal growth. The 
most limiting factor for plant growth is reduced light 
intensity (Manaker, 1997). Although the light intensity of 

outdoor is generally higher than 1000 µmol·m-2·s-1 at 
sunny days, typical indoor light intensity is less than 40 
µmol·m-2·s-1 (Manaker, 1997). Because plants growth 
depends on light (i.e., photosynthesis), plants require a 
particular light environment for proper growth and 
development (Maloof et al., 2001). Moreover, to sustain 
higher photosynthetic capacity or survival, plants modify 
their morphology, physiology, and biomass allocation at 
different light conditions (Sims & Pearoy, 1992; Feng et 
al., 2004). However, different plant species respond 
differently to light intensity. 

During the last years, the measurement of chlorophyll 
fluorescence has been proved to be a quantitative, 
powerful tool, which is widely used to examine the 
photosynthetic parameters in algae and plants. 
Measurements are both non-destructive and non-invasive, 
and applications range from a method of rapid 
identification of injuries in leaves without visual 
symptoms that permit to assess the photosynthetic 
performance in vivo (Baker, 2008; Krause and Weis, 
1991; Woo et al., 2008). Fluorescence imaging reveals a 
wide range of internal leaves characteristics, including 
spatial variations due to differences in physiology, 
development, nutritional state, pigment distribution, 
morphology, and optical properties. It has been showed 
that measurement of variable chlorophyll fluorescence 
from intact plants offers several values that are very 
useful for understanding the functioning of specific 
process of photosynthesis. If photosynthesis or related or 
physiological processes are altered due to biotic or abiotic 
stresses, the yield and kinetics fluorescence will be 
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changed significantly. IMAGING-PAM method employs 
a combination of chlorophyll and saturation type of light, 
which enables the analysis of chlorophyll fluorescence. 
Several studies have been reported on measurement of 
chlorophyll fluorescence characteristics focused on the 
effects of environmental stress factors such as light 
intensity, temperature, drought, and chilling in various 
plants (Li et al., 2008; Islam et al., 2011; Zhang et al., 
2011; Fu et al., 2012; Hogewoning et al., 2012). 

The objective of this study was to compare green and 
variegated foliage plant species (H. helix, A. pusilla and S. 
aureus) depending on the chlorophyll fluorescence 
parameters, and chlorophyll content under different light 
intensities. In this paper we show that variegated foliage 
plant species were more susceptible at low light intensity 
compared to the green plant species, which may help the 
house plant growers to maximize the light condition for 
normal growth and development of foliage plants in the 
indoor environment for reducing the pollutants.  
 
Materials and Methods 
 
Plant materials: Two-years-old English Ivy (Hedera helix), 
Small Coralberry (Ardisia pusilla) and Golden Phothos 
(Scindapsus aureus) foliage plant species were obtained from 
a commercial nursery at Suwon, South Korea. Both green 
and variegated leaves of each plant species were used as 
plant materials in this study. The plants were transplanted in 
19-cm diameter plastic pots containing a uniform growing 
medium comprised of Mix-4 (Sun Grow Horticulture, 
Bellevue, WA), bark-humus (Biocom. Co., Seoul, Korea), 
and sand at 5:1:1, v/v/v. Mix # 4 contained Canadian 
sphagnum peat-moss (55% to 65% by volume), perlite, 
dolomitic lime, gypsum, and a wetting agent. The potted 
plants were grown in a shaded greenhouse for two weeks 
after transplanting. Temperature of the shaded greenhouse 
ranged from 24 to 26oC. Then all plants were acclimated at 
indoor environment with a light intensity of 20 µmol·m-2·s-1 

for two weeks and the room temperature was 23 ± 20oC (Kim 
et al., 2010). After acclimation, the plants were treated under 
three different light intensities (2, 10 and 20 µmol·m-2·s-1) in 
the different chambers for three months using florescent 
lights with a temperature of 24 ± 1oC; the photoperiod of 
each chamber was 12/12-h (day/night) for all species. The 
plants were watered every 3 day with the excess water 
allowed to drain. Morphological responses of the plants on 
different light intensity treatment were observed and 
photograph was taken after three months.  
 
Measurement of chlorophyll fluorescence: The 
chlorophyll fluorescence of green and variegated leaves of 
foliage plant species (H. helix, A. pusilla and S. aureus) was 
determined to compare the photosynthetic performance. 
Chlorophyll fluorescence was measured using IMAGING-
PAM (Heinz Walz GmbH, Effeltrich, Germany) chlorophyll 
fluorescence system as described by Siebke & Weis, 1995 
and Rascher et al., 2001. All chlorophyll fluorescence 
kinetics parameters were measured on the adaxial side of the 
same leaf after the leaves had been dark adapted for 10 min 
(Schreiber et al., 1986).  

The dark fluorescence yield (F0) was determined 
after dark adaptation using F0, Fm-key. After dark 
adaptation, normally all PS-II reaction centers open with 
a weak non-actinic modulated light pulse (0.1 µmol·m-

2·s-1) at a low frequency (1 Hz). The maximal 
fluorescence yield (Fm) was determined after dark 
adaptation, and the Fm value was assessed at the plateau 
level reached during application of a saturation pulse at 
20-s intervals, with all PS-II reaction centers close. 
Measurement of Fm involves averaging of three images 
recording. The maximum fluorescence yield (Fm') was 
observed in illuminated samples, which normally 
lowered with respect to Fm by non-photochemical 
quenching. The variable fluorescence (Fv) was 
calculated as Fv = (Fm-F0). Maximal PS-II quantum 
yield (Fv/Fm) was calculated after dark adaptation 
according to the equation: Fv/Fm = (Fm-F0)/Fm. The 
effective PS-II quantum yield, Y (II) was calculated 
according to Genty et al. (1989) formula as: Y (II) = 
(Fm'-F)/Fm') by the Imaging-Win software (Walz), 
represented the PS-II quantum efficiency.  

After kinetic induction fluorescence, rapid light 
curve (RLC) measurements were obtained through the 
application of a series of 20-s light exposure with 
increasing photosythetically active radiation (PAR) 
values (50, 100, 150, 200, 250, and 300 µmol·m-2·s-1). 
Each light increment was followed by a saturating pulse 
for assessment of fluorescence parameters. The apparent 
electron transport rate (ETR) was calculated by the 
equation:  
 

ETR= 0.5 X Y (II) X PAR X 0.84 µmol·m-2·s-1 
 
where 0.5 is a multiplication factor because transport of a 
single electron requires the absorption of 2 quanta, and 
0.84 is the specific fraction of incident quanta absorbed 
by leaf (Ralph et al., 2005). Photosynthetically active 
radiation (PAR) is the display of light intensity in µmol·m-

2·s-1, which is corresponds to the intensity of actinic light 
as well as also by the intensity and frequency of the 
measuring light, as defined by the intrinsic PAR-list. 
Simultaneously, ETR values were obtained automatically 
using the Imaging-Win software. 
 
Chlorophyll content measurement: For the 
relationship of chlorophyll content and fluorescence 
parameters in foliage plant species, chlorophyll content 
was measured after three months of treatment with 
different light intensity (2, 10 and 20 µmol·m-2·s-1). The 
portable chlorophyll meter (SPAD-502, Minolta, Japan) 
was used to measure the chlorophyll content (Netto et al., 
2005). Both green and variegated leaves of the foliage 
plant species (H. helix, A. pusilla and S. aureus) were 
selected randomly for each treatment to measure 
chlorophyll content of third leaf from the top, and three 
readings was measured for each third leaf, avoiding 
main veins during measurement. Three replications were 
used for each treatment and mean values were expressed 
for chlorophyll level. 
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Results 
 

Green and variegated foliage plant species (H. helix, 
A. pusilla and S. aureus) were grown in separate 
chambers and treated with three different light intensities 
(2, 10 and 20 µmol·m-2·s-1) for three months. The 
morphological responses of the foliage plants on different 
light intensity treatments are shown in Fig. 1. Variegated 
plant species showed more susceptibility compared to 
green species at low light intensity treatment, and the 
variegated Ivy (H. helix) plants almost died after three 
months at 2 µmol·m-2·s-1 light intensity treatment. 
However, there was a common problem of leaf abscission 
associated with the growth and it was used under low 
light conditions in this study, which is similar to the 
responses of Ficus benjamina L. to low light level (Chen 
et al., 2001; Li et al., 2009).  

To evaluate the different functional levels of 
photosynthesis, Chlorophyll fluorescence parameters 
were measured using both green and variegated leaves. 
The dynamics of F0, Fm, Fm' and Fv/Fm were measured 
under three different light intensity (2, 10 and 20 µmol·m-

2·s-1) treatments. The results showed that Fv/Fm (maximal 
PS-II quantum yield) value was lower in all variegated 
species compared to green species at low light intensity 
(Fig. 2). The Y (II) (effective PS-II quantum yield) value 
was also decreased in all variegated species compared to 
green species at low light (2 µmol·m-2·s-1) intensity (Fig. 
3). Although Fv/Fm and Y(II) values in variegated S. 
aureus was little lower compared to variegated Ivy (H. 
helix) plants, but variegated S. aureus plants survived, and 
variegated H. helix plants died at 2 µmol·m-2·s-1 light 
intensity treatment after three months. These results 
indicating that variegated H. helix plants are more 
susceptible to low light intensity, and variegated S. aureus 
plants have tolerance to low light, genetic factors may 
responsible for this phenomenon along with the light 

factor. On the other hand, Fv/Fm and Y (II) values were 
increased for both green and variegated species with 
increasing the light intensity, and highest values were 
observed at 20 µmol·m-2·s-1 light intensity treatment, 
except the Fv/Fm value for variegated S. aureus that was 
slightly decreased at 20 µmol·m-2·s-1 light intensity. 

The results of electron transport rate (ETR) showed 
that ETR value was lower in both green and variegated 
plant species at low light (2 µmol·m-2·s-1) intensity (Figs. 
4, 5, and 6). The ETR value was increased with increasing 
the light intensity in both green and variegated S. aureus, 
variegated H. helix and green A. pusilla, whereas the ETR 
value for green H. helix and variegated A. pusilla that was 
slightly decreased at 20 µmol·m-2·s-1 light intensity. The 
saturation points based on the ETR values were higher in 
the variegated species compared to green species. It may 
be due to less green area present in the variegated foliage 
leaves compared to green leaves. The ETR values in 
green H. helix and variegated A. pusilla may be saturated 
at 10 µmol·m-2·s-1 light intensity, as it is well known that 
different plant species respond differently to the light 
intensity. Photoinhibition is manifested by a decrease of 
the photosynthetic electron transport rate (ETR) 
(Critchley, 1981; Ogren and Oquist, 1984a), and it has 
been suggested that this reduction is caused by an 
increased radiationless decay at the reaction centers of 
PS-II (Powles & Bjorkman, 1982). 

Chlorophyll content in both green and variegated 
leaves of foliage plant species was measured. The total 
chlorophyll content was higher in all green species 
compared to variegated species in both low and high light 
intensity treatments (Table 1). Chlorophyll content was 
reduced in both green and variegated species at low light 
intensity (2 µmol·m-2·s-1). Chlorophyll content in green 
plant species was slightly decreased at 20 µmol·m-2·s-1 light 
intensity, whereas in variegated species chlorophyll content 
gradually increased with increasing the light intensity. 

 

Hedera helix      Ardisia pusilla    Scindapsus aureus 

 
 

Fig.1. Morphological response of green and variegated foliage plants (Hedera helix, Ardisia pusilla and Scindapsus aureus) under 
three different light intensity (2, 10 and 20 µmol·m-2·s-1) treatments after three months. 
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Fig. 2. Dynamics of Fv/Fm (maximal PS-II quantum yield) in 
the dark-adapted leaf samples of green and variegated Hedera 
helix, Ardisia pusilla and Scindapsus aureus under three 
different light intensity (2, 10 and 20 µmol·m-2·s-1) treatments 
after three months. Data are the mean of three replications. 

 
 
Fig. 3. Dynamics of Y (II) (effective PS-II quantum yield) in the 
dark-adapted leaf samples of green and variegated Hedera helix, 
Ardisia pusilla and Scindapsus aureus under three different light 
intensity (2, 10 and 20 µmol·m-2·s-1) treatments after three 
months. Data are the mean of three replications. 

 

 
 
Fig. 4. Light-response curve of ETR (apparent electron transport 
rate) in the dark-adapted leaf samples of green and variegated 
Hedera helix under different light intensity treatments (2, 10 and 
20 µmol.m-2.s-1) after three months. Rapid light curve (RLC) 
measurements were obtained through the application of a series 
of 20-s light exposures with increasing photosynthetically active 
radiation (PAR) values (0, 50, 100. 150, 200, 250, and 300 
µmol·m-2·s-1). Data are the mean of three replications. 

 
 
Fig. 5. Light-response curve of ETR (apparent electron transport 
rate) in the dark-adapted leaf samples of green and variegated 
Ardisia pusilla under different light intensity treatments (2, 10 
and 20 µmol·m-2·s-1) after three months. Rapid light curve 
(RLC) measurements were obtained through the application of a 
series of 20-s light exposures with increasing photosynthetically 
active radiation (PAR) values (0, 50, 100. 150, 200, 250, and 
300 µmol·m-2·s-1). Data are the mean of three replications. 
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Fig. 6. Light-response curve of ETR (apparent electron transport 
rate) in the dark-adapted leaf samples of green and variegated 
Scindapsus aureus under different light intensity treatments (2, 
10 and 20 µmol·m-2·s-1) after three months. Rapid light curve 
(RLC) measurements were obtained through the application of a 
series of 20-s light exposures with increasing photosynthetically 
active radiation (PAR) values (0, 50, 100. 150, 200, 250, and 
300 µmol·m-2·s-1). Data are the mean of three replications. 
 
Discussion 
 

Chlorophyll fluorescence provides insights into a 
plant’s ability to tolerate environmental stresses damage 
and extent to which those stresses damage the 
photosynthetic apparatus (Maxwell & Johnson, 2000). 
Therefore, fluorescence parameters are excellent tools 
for studying the stress-induced changes in PS-II 
(Naumann et al., 2008) that are believe to play a key 
role in the response of photosynthesis to environmental 
stresses (Zribi et al., 2009). Fv/Fm, as one of the most 
important chlorophyll fluorescence parameters, reflects 
the maximal photochemical efficiency of the active 
center of PS-II in the dark. The results of the present 
study showed that Fv/Fm and Y (II) values were 
decreased in all foliage plant species, especially in 
variegated plant species at low light intensity (2 µmol·m-

2·s-1) treatment, which indicate the occurrence of 
photoinhibitory damage in response to light stress. 
Moreover, the results of Fv/Fm, Y (II), and ETR are 
mostly supported with the chlorophyll content results in 
this study under different light intensity treatments. 

Extremely strong light often decreases chlorophyll 
content in plant leaves because of the inhibition of 
chloroplast formation. In contrast, under weak light, the 
number of chloroplasts per unit leaf area in plant leaves 
drops, but the larger chloroplasts results in increased 
chlorophyll content in plant leaves (Fu et al., 2012). 
Exposure to a high light intensity induced chlorophyll loss, 
led to a marked decline in the photochemical efficiency of 
PS-II and caused considerable degradation of Rubisco in 
both susceptible and tolerant varieties of Sorghum bicolor 
L. (Jagtap et al., 1998). In this study, we show 
chlorophyll content declined in both green and variegated 
species at low light intensity (2 µmol·m-2·s-1), and higher 
chlorophyll content was obtained in all green species at 
10 µmol·m-2·s-1 light intensity, and then chlorophyll 
content slightly decreased. On the other hand, for 
variegated species higher level of chlorophyll was found 
at 20 µmol·m-2·s-1 light intensity treatment. 

Li et al. (2008) reported the significant decrease in 
Fv/Fm and Y (II) values under drought stress condition 
in cucumber seedlings. Zhang et al. (2011) showed the 
low values of the chlorophyll fluorescence parameters 
(Fm, Fv and Fv/Fm) in un-shaded oriental lily (Lilium 
auratum L.) plants compared to shaded plants, which 
led to reduced productivity of net photosynthetic rate. 
They also suggested that high light intensity damaged 
the photosystem-II, leading to photoinhibition. 
Photoinhibition is accompanied by slower rates of 
electron transport, a lower quantum yield of 
photosynthesis and diminished plant growth. Greater 
Fv/Fm value results in higher light utilization 
efficiency and stronger ability of plants to adapt to 
low-light conditions. Under normal physiological 
conditions, the Fv/Fm values of the vast majority of C3 
plants are between 0.8–0.84 ranges (Fu et al., 2012). It 
is well known that when the Fv/Fm value of a plant is 
below 0.8–0.84 range, the plant is exposed to some 
environmental stresses, such as drought (Yang et al., 
2004; Lu et al., 2004) photo-oxidative stress (Shao et 
al., 2013), low light (Chen et al., 2001; Li et al., 2009) 
or high temperature (Fracheboud et al., 1999; Wang et 
al., 2004) or light stress (Groom and Baker, 1992; Li et 
al., 2002; Chen et al., 2006). However, it has been 
reported that different plant species respond differently 
to the light intensity. In this study, we showed that in 2 
µmol.m-2.s1 light intensity treatment, the Fv/Fm values 
was lower than 0.7 in all variegated species, whereas 
the Fv/Fm values was higher than 0.7 in two green 
species except S. aureus. In contrast, at 10 µmol.m-2s-

1light intensity treatment, the Fv/Fm values was around 
0.75 in both green and variegated H. helix and A. 
pusilla species, but the Fv/Fm value was about 0.8 in 
green S. aureus and below 0.7 in variegated S. aureus. 
To best of our knowledge, there is no available report 
on comparative study of chlorophyll fluorescence 
parameters in green and variegated foliage plants under 
different light intensity. Further studies are necessary 
to fix up the appropriate light intensity to be used for 
each foliage plant species for growing in the indoor 
environment. 
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Table 1. Measurement of chlorophyll content in leaves of green and variegated foliage plant species under 
different light intensity treatments after three months (data are the mean of three replications). 

Chlorophyll content (SPAD) Light intensities 
(µmol·m-2·s-1) 

Type of leaves 
Hedera helix Ardisia pusilla Scindapsus aureus 

Green 31.63 ± 0.20 50.62 ± 3.42 34.01 ± 1.08  
2 Variegated 21.41 ± 1.17 33.00 ± 1.04 28.04 ± 2.15 

Green 32.07 ± 0.62 58.92 ± 1.52 36.91 ± 0.53  
10 Variegated 23.02 ± 0.35 44.84 ± 0.48 30.42 ± 0.89 

Green 31.59 ± 0.84 53.21 ± 1.07 36.47 ± 0.56  
20 Variegated 24.13 ± 0.27 46.15 ± 0.57 31.08 ± 0.93 

 
Conclusion 
 

This result showed that normal growth and 
photosynthetic performances were affected in green and 
variegated foliage plant species by low light intensity 
treatment. Chlorophyll content, Fv/Fm, Y (II) and ETR 
values were declined with light stress aggravated, and 
variegated foliage plant species were more susceptible 
compared to the green plant species at low light intensity. 
This meant that light stress decreased maximal 
photosynthetic electron transport potential and subsequently 
decreased the capacity of preventing light induced damages. 
It is possible that light stress may regulate the photosynthesis 
capacity or linear electron transport rate in leaves of foliage 
plants. Based on the chlorophyll fluorescence parameters, the 
present finding demonstrated that low light intensity created 
more stress condition in variegated foliage plant species 
compared to the green plant species, which may help to the 
consumers standardizing the light condition for foliage plants 
to be grown in the indoor environment for reducing the air-
borne pollutants. 
 
Acknowledgements 
 

The authors are grateful to the authority of RDA 
(Rural Development Administration), South Korea for 
supporting funds to conduct this research work. 
 
References 
 
Baker, N.R. 2008. Chlorophyll Fluorescence: a probe of 

photosynthesis in vivo. Annu. Rev. Plant Biol., 59: 89-113. 
Chen, J., R.J. Henny, D.B. McConnell and T.A. Nell. 2001. 

Cultivar differences in interior performances of 
acclimatized foliage plants. Acta Hort., 543: 135-140. 

Chen, J., D.B. McConnell and R.J. Henny. 2004. Light induced 
coordinative changes in leaf variegation between mother 
plants and daughter plantlets of Chlorophytum comosum 
‘Vittatum’. Acta Hort., 659: 453-459. 

Chen, J., Q. Wang, R.J. Henny and D.B. McConnell. 2005. In: 
Proceedings of the 8th International symposium on 
postharvest physiology of ornamental plants (eds. Marissen 
el.). Doorwerth, The Netherlands. Acta Hort., 669, ISHS, 
pp. 51-56. 

Chen, J. and R.J. Henny. 2008. Ornamental foliage plants: 
Improvement through biotechnology, In: Recent advances 
in plant biotechnology and its applications. (Eds.): Kumar, 
A. and S.K. Sopory. I.K. International Publishing House, 
New Delhi, India. pp. 140-156. 

Chen, J.M., X.P. Yu and J.A. Chen. 2006. The application of 
chlorophyll fluorescence kinetics in the study of 
physiological response of plants to environmental stresses. 
Acta Agric. Zhejiangensis, 18: 51-55. 

Critchley, C. 1981. Studies on the mechanism of photoinhibition 
in higher plants. I Effects of high light intensity on 
chloroplast activities in cucumber adapted to low light. 
Plant Physiol., 67: 1161-1165. 

Feng, Y.L., K.F. Cao and J.L. Zhang. 2004. Photosynthetic 
characteristics, dark respiration, and leaf mass per unit area 
in seedlings of four tropical tree species grown under three 
irradiances. Photosynthetica, 42: 431-437. 

Fracheboud, Y., P. Haldimann, J. Leipner and P. Stamp. 1999. 
Chlorophyll fluorescence as a selection tool for cold 
tolerance of photosynthesis in maize. J. Exp. Bot., 338: 
1533-1540. 

Fu, W., P. Li and Y. Wu. 2012. Effects of different light 
intensities on chlorophyll fluorescence characteristics and 
yield in lettuce. Sci. Hort., 135: 45-51. 

Genty, B., J.M. Briantatis and N.R. Baker. 1989. The 
relationship of the quantum yield of photosynthetic electron 
transport and quenching of chlorophyll fluorescence. 
Biochim. Biophys. Acta, 990: 87-92. 

Groom, Q. and N.R. Baker. 1992. Analysis of light-induced 
depressions of photosynthesis in leaves of a wheat crop 
during the winter. Plant Physiol., 100: 1217-1223. 

Hogewoning, S.W., E. Wientjes, P. Douwstra, G. Trouwborst, W. 
van Ieperen, R. Croce and J. Harbinson. 2012. 
Photosynthetic quantum yield dynamics: From 
photosystems to leaves. The Plant Cell, 24:1921-1935. 

Islam, S., E. Izekor and J.O. Garner. 2011. Effect of chilling 
stress on the chlorophyll fluorescence, peroxidase activity 
and other physiological activities in Ipomoea batatas L. 
genotypes. Amer. J. Plant Physiol., 6(2): 79-82. 

Jagtap, V., S. Bhargava, P. Streb and J. Feierabend. 1998. 
Comparative effect of water, heat and light stresses on 
photosynthetic reactions in Sorghum bicolor (L.) Moench. J. 
Exp. Bot., 49: 1715-1721. 

Kim, K.J., M.I. Jeong, D.W. Lee, J.S. Song, H.D. Kim, E.H. Yoo, 
S.J. Jeong, S.W. Han, S.J. Kays, Y.W. Lim and H.H. Kim. 
2010. Variation in formaldehyde removal efficiency among 
indoor plants species. Hort. Sci., 45(10): 1489-1495.  

Kim, J., S.W. Kang, C.H. Pak and M.S. Kim. 2012. Changes in 
leaf variegation and coloration of English Ivy and Polka 
Dot plant under various indoor light intensities. Hort. 
Technol., 22(1): 49-55. 

Krause, G.H. and E. Weis. 1991. Chlorophyll fluorescence and 
photosynthesis: The basics. Annu. Rev. Plant Physiol. Plant 
Mol. Biol., 42: 313-349. 

Li, Q., M. Deng, J. Chen and R.J. Henny. 2009. Effects of light 
intensity and paclobutrazol on growth and interior 
performance of Pachira aquatica Aubl. Hort. Sci., 44(5): 
1291-1295. 



COMPARISON OF GREEN AND VARIEGATED FOLIAGE PLANT SPECIES BASED ON CHLOROPHYLL 

 

1715

Li, Q.M., B.B. Liu, Y. Wu and Z.R. Zou. 2008. Interactive effects 
of drought stresses and elevated CO2 concentration on 
photochemistry efficiency of cucumber seedlings. J. Integrat. 
Plant Biol., DOI: 10.1111/1744-7909.2008.00686.x 

Li, X., D.M. Jiao and Y.L. Liu. 2002. Chlorophyll fluorescence 
and membrane lipid peroxidation in the flag leaves of 
different high yield rice variety at late stage of development 
under natural condition. Acta Bot. Sin., 44: 413-421. 

Lu, J., M.Q. Zhang, Y.Q. Lin, H. Zhang and R.K. Chen. 2004. 
Studies on the relationship of chlorophyll fluorescence 
characters and drought tolerance in seedlings of sugarcane 
under water stress. Sci. Agric. Sin., 37: 1718-1721.  

Maloof, J.N., J.O. Borevitz, T. Dabi, J. Lutes, R.B. Nehring, J.L. 
Redfern, J.T. Trainer, J.M. Wilson, T. Asami, C.C. Berry, D. 
Weigel and J. Chory. 2001. Natural variation in light 
sensitivity of Arabidopsis. Nat. Genet., 29: 441-446. 

Manker, G.H. 1997. Interior plant-scapes: Installation, 
maintenance, and management. 3rd ed. Prentice Hall, Upper 
Saddle River, N.J., USA. 

Marcotrigiano, M. 1997. Chimeras and variegation: Patterns of 
deceit. Hort. Sci., 32: 773-784. 

Maxwell, K. and G.N. Johnson. 2000. Chlorophyll fluorescence-
a practical guide. J. Exp. Bot., 51: 659-668. 

Naumann, J.C., D.R. Young and J.E. Anderson. 2008. Leaf 
chlorophyll fluorescence, reflectance, and physiological 
response to freshwater and salt water flooding in the evergreen 
shrub Myrica cerifera. Environ. Exp. Bot., 63: 402-409. 

Netto, A.T., E. Campostrini, J.G. Oliveira and R.E. Bressan-Smith. 
2005. Photosynthetic pigments, nitrogen, chlorophyll a 
fluorescence and SPAD-502 reading in coffee leaves. Sci. 
Hort., 104: 199-209. 

Ogren, E. and G. Oquist. 1984a. Photoinhibition of photosynthesis 
in Lemma gibba as induced by the interaction between light 
and temperature, II Photosynthetic electron transport. Physiol. 
Plant, 62: 187-192. 

Powles, S.B. and O. Bjorkman. 1982. Photoinhibition of 
photosynthesis: effect on chlorophyll fluorescence at 77K 
in intact leaves and in chloroplast membranes of Nerium 
oleander. Planta, 156: 97-107. 

Ralph, P.J., C.M.O. Machinnis-Ng and C. Frankart. 2005. 
Fluorescence imaging application: effect of leaf age on 
seagrass photokinetics. Aquat. Bot., 89: 69-84. 

Rascher, U., M.T. Hutt, K. Siebke, B. Osmond, F. Beck and U. 
Luttge. 2001. Spatiotemporal variation of metabolism in a 

plant circadian rhyme: the biological clock as an assembly 
of coupled individual oscillators. Proc. Natl. Acad. Sci., 98: 
11801-11805. 

Schreiber, U., U. Schliwa and W. Bilger. 1986. Continuous 
recording of photochemical and non-photochemical 
chlorophyll fluorescence quenching with a new type of 
modulation fluorometer. Photosynth. Res., 10: 51-52. 

Shao, L., X. Chen, Y. Chen, B. Sun, W. Chow and C. Peng. 2013. 
Differential responses of photosystem II activity to photo-
oxidation in red and green Amaranthus tricolor leaves. Pak. 
J. Bot., 45(6): 1905-1912. 

Siebke, K. and E. Weis. 1995. Assimilation images of leaves of 
Glechoma hederacea; Analysis of non-synchronous stomata 
related oscillations. Planta, 196(1): 155-165. 

Sims, D.A. and R.W. Pearoy. 1992. Response of leaf anatomy and 
photosynthetic capacity in Alocasia macrorrhiza (Araceae) to a 
transfer from low to high light. Amer. J. Bot., 73: 445-449. 

Tilney-Bassett, R.A.E. 1986. Plant Chimeras. Cambridge 
University Press, Cambridge, U.K. 

Wang, B.L., M. Xu, X.H. Shi and J.H. Cao. 2004. Effect of high 
temperature stress on antioxidant system, chlorophyll 
fluorescence parameters in early cauliflower leave. Sci. 
Agric. Sin., 37: 1245-1250. 

Wolverton B.C. and J.D. Wolverton. 1993. Plants and soil 
micro-organisms-removal of formaldehyde, xylene and 
ammonia from the indoor environment. J. Mississi. Acad. 
Sci., 38(2): 11-15. 

Woo, N.S., M.R. Badger and B.J. Pogson. 2008. A rapid and 
non-invasive procedure for quantitative assessment of 
drought survival using chlorophyll fluorescence. Plant 
Methods. 4: 27. Published online Nov.11, 2008, DOI: 
10.1186/1746-4811-4-27. 

Yang, X.Q., S.Q. Zhang, Z.S. Liang and Y. Shan. 2004. Effects 
of water stress on chlorophyll fluorescence parameters of 
different drought resistance winter wheat cultivars 
seedlings. Acta Bot. Bor.-Occident. Sin., 24: 812-816. 

Zhang, Y.J., Z.K. Xie, Y.J. Wang, Pei xi Su, L.P. An and H. Gao. 
2011. Light intensity affects dry matter, photosynthesis and 
chlorophyll fluorescence of oriental lily. Philip. Agric. Sci., 
94(3): 232-238. 

Zribi, L., G. Fatma, R. Fatma, R. Salwa, N. Hasan and R.M. Nejib. 
2009. Application of chlorophyll fluorescence for the 
diagnosis of salt stress in tomato “Solanum lycopersicon 
(variety Rio Grande)”. Sci Hort., 120: 367-372. 

 
(Received for publication 25 October 2014) 

 


