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Abstract. The objectives of this study were to determine the effects of yellow light (Y),
green light (G), and two blue lights (B) at different wavelengths in conjunction with red
light (R) on the growth andmorphogenesis of potato plantlets in vitro. Randomized nodal
explants were cut into 1.0–1.5 cm pieces and were grown under five different light
conditions: fluorescent white light (FL); the combined spectra of R, Y, and B at 445 nm
(R630B445Y); the combined spectra of R, G, and B at 445 nm (R630B445G); the combined
spectra of R, Y, and B at 465 nm (R630B465Y); and the combined spectra of R, G, and B at
465 nm (R630B465G). Morphogenesis and physiological parameters were investigated.
The results showed that R630B445Y and R630B465Y increased the fresh weight (FW), dry
weight (DW), stem diameter, blade number, leaf area, specific leaf weight (SLW), and the
health index of potato plantlets in vitro; root activity increased significantly; and soluble
sugar, soluble protein, and starch also increased. The addition of Y to the combined
spectra of R and B contributed to the growth, development, and morphogenesis more
than the combined spectra of R and B with G, and B at 445 nm was more effective at
promoting plant growth than was B at 465 nm.

Potato (Solanum tuberosum L.) is an
annual dicotyledonous herbaceous tuber crop
that grows best in cool temperate climates
under full sunlight, moderate daytime tem-
peratures, and cool nights (Hawkes and
Harris, 1992). However, potato plants are
likely to be attacked by viruses, resulting in
germplasm degradation and yield and quality
decline, severely affecting the production of
potato. The technology of virus-free micro-
tubers and minitubers can remove the re-
striction of virus infection effectively. Therefore,
vigorous potato plantlets grown in vitro are
needed to produce microtubers and minitubers
for cultivation. As a physical environmental
factor, light (intensity, photoperiod, and spec-
trum) plays a vital role in regulating photosyn-
thesis,metabolism, andmorphogenesis of potato
plantlets in vitro.

As a component of light, light spectrum is
one of the most important environmental
factors for the growth and development of
potato plantlets in vitro. It provides not only
energy for photosynthesis but also signal
stimuli for physiological activities (Gao and
Zhang, 2002). The light spectrum activates

a series of physiological and biochemical
metabolic processes through photoreceptors
in photomorphogenesis, which then control
the growth and morphogenesis of potato
tissues and organs in vitro (Eskins, 1992;
Eskins et al., 1996; Mortensen and Stromme,
1987; Seabrook, 2005; Seabrook andDouglass,
1998). Charles et al. (1992) reported an
increase in leaf surfaces of potato plantlets
in vitro because of enrichment in red wave-
lengths, and Chang et al. (2009) reported that
blue light-emitting diode (LED) was benefi-
cial to increase dry matter content of potato
plantlets in vitro. Seabrook and Douglass
(1998) reported that plantlet height increased
when blue spectrum was removed, and the
addition of B restrained stem elongation
(Aksenova et al., 1994). Wu et al. (2007)
reported that R spectrum emission is near the
point of maximum absorption by chloro-
phylls (Chls) and phytochromes and it is
important for photosynthetic apparatus de-
velopment and for starch accumulation, and
that B is relevant for chloroplast develop-
ment, Chls formation, and stomata opening.
Jao and Fang (2001) reported that the com-
bined spectra of R and B LEDs promoted the
growth and development of potato plantlets
in vitro, and in their subsequent experiment,
these authors found that the combined spec-
trum of 45% R + 55% B was optimum for the
accumulation of fresh and dry mass of potato
plantlets in vitro (Jao and Fang, 2004).
However, these authors did not investigate
the effects of different wavelength blue LEDs
on potato plantlets in vitro. The wavelengths
of B range from 440 to 480 nm. LEDs with

peak at 445 and 465 nm are now commercially
available, and the effect of these two wave-
lengths of blue LEDs on plants has not been
explicitly investigated. We were interested in
which wavelength of blue LED is more favor-
able for potato plantlets in vitro.

In tissue culture, the plant height, FW and
DW of marigolds in vitro increased by 30%
to 50% when the green (G) spectrum was
removed (Klein, 1992). Kim et al. (2004)
reported that the growth of lettuce was re-
strained when G ratio exceeded 50% but that
the lettuce growth was promoted when G
ratio was less than 24%. Ma et al. (2015)
reported that the addition of G to the com-
bined spectra of R and B contributed to stem
length, stem diameter, leaf area, and the
contents of Chl, soluble sugar, soluble pro-
tein, and starch of potato plantlets in vitro
more than the combined spectra of R and B
without G did. Because the wavelength range
of the spectra was not uniform in some
studies (spectra of 500–600 nmwere classified
asG), few studies on effects of Y (580–600 nm)
(Y) on plant growth and development have
been reported (Dougher and Bugbee, 2001).
Al-Wakeel and Hamed (1996) reported that Y
(with a peak wavelength at 595 nm) had
a stronger inhibition on the growth of cucumber
than G did (with a peak wavelength at 520 nm).
Wang et al. (2009) reported that the DW, net
photosynthetic rate, quantum yield of PSII
electron transport, andChl content of cucumber
clearly decreased and that the parameters of
stomatal conductance, total soluble sugars,
sucrose, starch content, and Chl a/Chl b de-
creased under Y compared with those under
white light at the same light intensity. Godo
et al. (2011) reported the greatest rate of
emergence of Bletilla ochracea under Y.
Therefore, Y may play an important role in
the process of growth and development of
plants; however, the physiological significance
of Y was not very clear in previous studies
(Dougher and Bugbee, 2001). The combination
of R and B is important for the growth of potato
plantlets in vitro (Jao and Fang, 2004). How-
ever, the effects of the combination of R, B, and
Y LEDs on potato plantlets in vitro have not
been reported. As such, we are interested in
whether the addition of Y to the combined
spectra of red and blue is more conducive to the
growth and development of potato plantlets in
vitro than green.

LEDs are widely used in plant growth
chambers and are useful in plant tissue
culture because of their lower heat radiation,
higher energy efficiency, and longer lifespan
compared with fluorescent lamps (Ma et al.,
2015; Nhut et al., 2003; Poudel et al., 2008).
In our experiment, we used various LEDs to
obtain B at two wavelengths and used Y, G,
and R to design four combined spectra with
uniform light intensity by modulating the
electrical parameters of the LEDs. The ob-
jectives of this study were to investigate the
effects of Y LED, G LED, and two B LEDs
with R on the growth of potato plantlets in
vitro and to identify the most effective light
quality for the growth of potato plantlets in
vitro.
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Materials and Methods

Plant materials. Potato cultivar ‘She-
pody’ plantlets were grown in vitro using
MS medium (Murashige and Skoog, 1962);
they were provided by Jiangsu Polytechnic
College of Agriculture and Forestry. The
experiment was conducted at Nanjing Agri-
cultural University. A tissue culture room
with a relative humidity of 65% ± 2% and
a 16-h photoperiod was offered for culture
of mother plants. In the tissue culture
room, the daytime temperature was set to
25 ± 2 �C and the night was 18 ± 2 �C. The
photosynthetic photon flux density
(PPFD) was 72 ± 2 mmol·m–2·s–1. Stem
segments (�1.0–1.5 cm in length with
one leaf) were dissected aseptically from
potato plantlets in vitro, and they were
inoculated vertically in MS medium with
30 g·L–1 sucrose and 8 g·L–1 agar. After
being pre-cultured for 3 d under fluores-
cent white lamps, potato plantlets in vitro
were grown under different light condi-
tions for 30 d. For each treatment, 10
bottles were used and each bottle con-
tained 10 randomized explants. Each ex-
periment was repeated three times.

Light treatments. Light quality experi-
ments were performed in a culture room. All
LEDs are developed and offered by Opt-run
Biotechnology Co., Nanjing, China. The peak
wavelengths of LEDs used in the experiment
were shown in Table 1 as follows:

1. FL (control): fluorescent lamp at broad
wavelengths of 400–700 nm.

2. R630:B445:Y = 6:2:1 = 48 mmol·m–2·s–1

R with a peak wavelength at 630 nm,
16 mmol·m–2·s–1 B with a peak wave-
length at 445 nm, and 8 mmol·m–2·s–1 Y
with a peak wavelength at 590 nm.

3. R630:B445:G = 6:2:1 = 48 mmol·m–2·s–1

R with a peak wavelength at 630 nm,
16 mmol·m–2·s–1 B with a peak wave-
length at 445 nm, and 8 mmol·m–2·s–1 G
with a peak wavelength at 520 nm.

4. R630:B465:Y = 6:2:1 = 48 mmol·m–2·s–1

R with a peak wavelength at 630 nm,
16 mmol·m–2·s–1 B with a peak wave-
length at 465 nm, and 8 mmol·m–2·s–1 Y
with a peak wavelength at 590 nm.

5. R630:B465:G = 6:2:1 = 48 mmol·m–2·s–1

R with a peak wavelength at 630 nm,
16 mmol·m–2·s–1 B with a peak wave-
length at 465 nm, and 8 mmol·m–2·s–1 G
with a peak wavelength at 520 nm.

Total PPFD was recorded with a quantum
sensor (LI-250A; LI-COR, Lincoln, NE) at
72 ± 2 mmol·m–2·s–1. All treatments were
setup in a tissue culture room.

Growth parameters. After growing for
30 d, 15 potato plantlets in vitro from each
treatment were randomly taken for growth
analysis. The stem height was measured from
the main stem base to the top of the plantlets
using a ruler, whereas the stem diameter was
obtained at the internodes above the penulti-
mate leaf using vernier calipers (601-01;
Links Inc., Harbin, China). The growth and
morphology assessment of stem length, root
length, stem diameter, SLW, blade number,
leaf area, FW, DW, and health index was
repeated three times with five plantlets in
each treatment. The SLW of each plantlet
was measured using the following equation:

SLW =
Leaf area

Leaf DW

The shoot DW was measured by drying
the shoot at 105 �C for 15 min, then drying at
80 �C until a constant mass was achieved, and
then weighing by using an electronic balance
(AUY120; Shimadzu, Japan). The health in-
dex was determined using the following
equation (Fan et al., 2013):

Health index =
Stemdiameter

Stem height
· DW

Root activity. The lateral root tips (0.5 g
FW) from five random plantlets of each
treatment were placed in 5 mL of 0.1%
2,3,5-triphenyltetrazolium chloride and 5 mL
of 0.067 M potassium phosphate buffer.
After mixing thoroughly, the roots were
placed for 2 h (T) in a 37 �C water bath. The
reaction was ended with 2 mL of 1 M H2SO4

and the roots were removed and rinsed with
distilled water. The samples were placed into
a mortar with quartz sand and 10 mL of
acetone (V) and ground until the root turned
white. Optical density (r) was measured with
a spectrophotometer (ultraviolet-1200; Jin
Peng Inc., Shanghai, China) at 490 nm. Root
activity was determined as the tetrazolium
reduction intensity of the root at 1 g of FW
per hour according to Li et al. (2010) as root
activity = r · V/FW · T (mg·g–1·h–1).

Content of Chl.Chlorophyll was extracted
from the leaves of 10 plantlets at a similar
position on the leaf in each treatment. Leaf
samples (0.1 g; FW) were ground in a mortar,
and two sequential extractions were performed
for 2–6 h using 10 mL of 80% acetone until the

samples turnedwhite.Absorbancewasmeasured
with a spectrophotometer (ultraviolet-1200; Jin
Peng Inc.) at 663 nm (OD663) for Chl a and at
645 nm (OD645) for Chl b. The Chl concentra-
tionswere determined according toLichtenthaler
and Wellburn (1983).

Concentrations of carbohydrates and
protein measurements. The contents of solu-
ble sugar and starch were measured by the
modified anthrone (Hushi Inc., Shanghai,
China) method of Fairbairn (1953). The solu-
ble protein content was determined by the
Coomassie brilliant blue G-250 (Solarbio Inc.,
Beijing, China) method (Bradford, 1976).

Statistical analysis. Statistical analyses
were conducted with Statistical Product and
Service Solutions for Windows, Version 17.0
(SPSS, Japan). Data were analyzed by anal-
ysis of variance, and the statistical signifi-
cance of differences between means was
tested using Tukey’s test (P < 0.05).

Results

Agronomic traits. As shown in Table 2,
compared with FL, the complex spectra of
red and blue plus yellow significantly in-
creased the health index (1.34 and 1.14,
respectively), FW (296.67 and 256.67 mg,
respectively), stem diameter (1.57 and
1.50 mm, respectively), blade number (6.67
and 7.33 p, respectively), and SLW (21.24
and 19.68 mg·cm–2, respectively) of potato
plantlets in vitro (Table 2). This indicated
that the addition of yellow LEDs to the
combined spectra of red and blue was more
beneficial to the vegetative growth of potato
plantlets in vitro than FL.

The parameters of root length, stem di-
ameter, SLW, blade number, FW, DM, and
the health index of potato plantlets in vitro
were significantly higher under R630B445Y
(127.93 mm, 1.57 mm, 21.24 mg·cm–2, 6.67
p, 296.67 mg, 53.67 mg, and 1.34, respec-
tively) than under R630B445G (119.43 mm,
1.27 mm, 15.06 mg·cm–2, 4.67 p, 231.00 mg,
42.33 mg, and 0.92, respectively) and were
significantly higher under R630B465Y
(126.57 mm, 1.50 mm, 19.68 mg·cm–2, 7.33
p, 256.67 mg, 45.33 mg, and 1.14, respec-
tively) than under R630B465G (118.37 mm,
1.17 mm, 14.91 mg·cm–2, 4.67 p, 206.67 mg,
37.33 mg, and 0.69, respectively). These
results revealed that the addition of yellow
LEDs to the combined spectra of red and blue
was favorable for the vegetative growth of
potato plantlets in vitro.

The root length, stem diameter, SLW, and
blade number were not significantly different
between R630B445Y and R630B465Y treated
potato plantlets in vitro or between R630

B445G and R630B465G treated plantlets. The
parameters of FW, DW and the health index
of plantlets in vitro were significantly higher
under R630B445Y (296.67 mg, 53.67 mg, and
1.34, respectively) than under R630B465Y
(256.67 mg, 45.33 mg, and 1.14, respec-
tively) and were significantly higher under
R630B445G (231.00 mg, 42.33 mg, and 0.92,
respectively) than under R630B465G (206.67mg,
37.33 mg, and 0.69, respectively) (Table 2).

Table 1. Different spectral conditions used in these experiments.

Light treatment

PPFD (mmol·m–2·s–1) Total PPFD

R630 B445 B465 G520 Y590 FL (mmol·m–2
·s–1)

R630B445Y 48 16 — — 8 — 72
R630B445G 48 16 — 8 — — 72
R630B465Y 48 — 16 — 8 — 72
R630B465G 48 — 16 8 — — 72
CK — — — — — 72 72

FL = fluorescent white light; R630B445Y = the combined spectra of R, Y, and B at 445 nm; R630B445G = the
combined spectra of R, G, and B at 445 nm; R630B465Y = the combined spectra of R, Y, and B at 465 nm;
R630B465G = the combined spectra of R, G, and B at 465 nm.
PPFD = photosynthetic photon flux density.
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These results showed that the combined
spectra containing blue LEDs at 445 nm
was beneficial for the vegetative growth of
potato plantlets in vitro than blue LEDs at
465 nm.

Root activity. Figure 1 shows that the root
activity (264.38, 202.65, 246.34, and 197.18
mg·g–1·h–1, respectively) of potato plantlets in
vitro under all the LED treatments was
significantly higher than under FL (173.12
mg·g–1·h–1) indicating that the addition of Y
or G to the combined spectra of red and blue
was beneficial for root growth.

The root activity under R630B445Y
(264.38 mg·g–1·h–1) was significantly higher
than that under R630B445G (202.65mg·g–1·h–1),
and the root activity was significantly higher
under R630B465Y (246.34 mg·g–1·h–1) than
under R630B465G (197.18 mg·g–1·h–1). This
result indicated that the addition of yellow
LEDs to the combined spectra of red and
blue promoted the root activity of potato
plantlets in vitro.

There was no significant difference in the
root activity between R630B445Y and R630

B465Y or between R630B445G and R630B465G.
This indicated that the combined spectra
containing blue LEDs at 445 nm had a uni-
form effect on the root activity of potato
plantlets in vitro, as did blue LEDs at 465 nm.

Concentrations of pigments. Figure 2
shows that the Chl a of potato plantlets in
vitro under R630B445G (6.14 mg·g–1) was
significantly higher than that under R630

B445Y (5.20 mg·g–1) and was significantly
higher under R630B465G (5.96 mg·g–1) than
under R630B465Y (4.60 mg·g–1). These results
indicate that the addition of green LEDs to
the combined spectra of red and blue was
beneficial for the accumulation of Chl a in
potato plantlets in vitro.

The Chl a content in potato plantlets in
vitro was significantly higher under R630

B445Y (5.20 mg·g–1) than under R630B465Y
(4.60 mg·g–1) and was significantly higher
under R630B445G (6.14 mg·g–1) than under
R630B465G (5.96 mg·g–1). These results sug-
gested that the combined spectra containing
blue LEDs at 445 nm were more favorable for
Chl a accumulation in potato plantlets in vitro
thanwere those containing blueLEDs at 465nm.

Concentrations of carbohydrates and
proteins. As shown in Fig. 3, the parameters
of the soluble sugars, soluble protein, and
starch content in potato plantlets in vitro
under R630B445Y (66.52, 7.32, and 23.46
mg·g–1, respectively) were significantly
higher than under R630B445G (51.68, 5.77,
and 19.09 mg·g–1, respectively) and were
higher under R630B465Y (60.04, 6.06, and

Table 2. Effects of Y, G, and two B in conjunction with R on the agronomic traits of potato plantlets in vitro.

Light treatment
Stem length

(mm)
Root length

(mm)
Stem diam

(mm)
SLW

(mg·cm–2) Blade no. (p)
Leaf area
(mm2) FW (mg) DW (mg) Health index

R630B445Y 62.90 b 127.93 a 1.57 a 21.24 a 6.67 a 127.33 c 296.67 a 53.67 a 1.34 a
R630B445G 58.37 c 119.43 b 1.27 b 15.06 b 4.67 b 173.67 a 231.00 c 42.33 b 0.92 c
R630B465Y 59.77 c 126.57 a 1.50 a 19.68 a 7.33 a 112.33 c 256.67 b 45.33 b 1.14 b
R630B465G 63.17 b 118.37 b 1.17 b 14.91 b 4.67 b 151.00 b 206.67 d 37.33 c 0.69 d
CK 70.37 a 124.57 a 1.27 b 15.72 b 5.33 b 131.00 c 216.67 cd 44.33 b 0.80 cd

Letters (a–d) indicate statistically significant differences between the means (P < 0.05) using least significant difference with SPSS. FW = fresh weight; DW = dry
weight; SLW = specific leaf weight.

Fig. 1. Effects of Y, G, and two B in conjunction with R on root activity of potato plantlet in vitro. Letters
(a–c) indicate statistically significant differences between the means (P < 0.05) using least significant
difference with SPSS.

Fig. 2. Effects of Y, G, and two B in conjunction with R on the pigment content of potato plantlet in vitro.
Letters (a–d) indicate statistically significant differences between the means (P < 0.05) using least
significant difference with SPSS.
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21.79 mg·g–1, respectively) than under R630

B465G (49.50, 5.21, and 16.85 mg·g–1, re-
spectively). These results indicated that the
addition of yellow LEDs to the combined
spectra of red and blue was beneficial for the
accumulation of carbohydrates and proteins
in potato plantlets in vitro.

The parameters of soluble sugars, soluble
protein, and starch content in potato plantlets
in vitro were significantly higher under R630

B445Y (66.52, 7.32, and 23.46 mg·g–1, re-
spectively) than under R630B465Y (60.04,
6.06, and 21.79 mg·g–1, respectively) and
were significantly higher under R630B445G
(51.68, 5.77, and 19.09 mg·g–1, respectively)
than under R630B465G (49.50, 5.21, and 16.85
mg·g–1, respectively). The results suggested
that the combined spectra containing blue
LEDs at 445 nm were more favorable for the
accumulation of carbohydrates and proteins
in potato plantlets in vitro than were those
containing blue LEDs at 465 nm.

Discussion

The light spectrum is an important environ-
mental factor that influences the morphogenesis

of plants. Johkan et al. (2010) reported that
the shoot elongation of Lactuca sativa was
promoted under G and argued that the in-
hibition effect of B for the stem elongation
weakened under G. Ma et al. (2015) reported
that the addition of green LEDs to the
combined spectra of R and B proportionally
reduced the amount of blue and likely alle-
viated the inhibition of stem elongation in-
duced by B of potato plantlets in vitro. In our
experiment, we observed that yellow LEDs
added to the blue LEDs at 445 nm were more
advantageous for stem elongation than were
green LEDs; however, we also observed that
green LEDs added to the blue LEDs at
465 nm were more advantageous for stem
elongation than were yellow LEDs (Table 2).

The inhibition of stem elongation of
potato plantlets in vitro was derived from
the inhibition of cell elongation induced by
blue fluorescent lamps (Wilson et al., 1993).
Meijer (1971) reported a deficiency in B–
induced stem elongation and considered that
B was necessary for strong plantlet culture in
terms of rooting of cucumber. Mcnellis and
Deng (1995) considered that the inhibition of
stem elongation of plants resulted from B at

short wavelengths. However, we observed
that under the combined spectra of RBY, B at
shorter wavelengths (445 nm) weakened the
inhibition of stem elongation of potato plant-
lets in vitro more than B at longer wave-
lengths (465 nm) did. By contrast, under
compound RBG spectra, B at shorter wave-
lengths (445 nm) strengthened the inhibition
of stem elongation of potato plantlets in vitro
more than B at longer wavelengths (465 nm)
did (Table 2).

Light treatments consisting of mixtures of
RBY were more beneficial to the stem di-
ameter of potato plantlets in vitro than were
the FL treatment and other spectral combi-
nations (Table 2). Ma et al. (2015) reported
that green LEDs added to the combined
spectra of R and B had a wider stem diameter
than the combined spectra of R and B. In our
experiment, when yellow LEDs were added
to the combined spectra of R and B, we
observed that yellow LEDs stimulated
thicker stem diameter than did green LEDs.
Johkan et al. (2010) reported that B inhibited
lettuce stem elongation but promoted stem
diameter. We also observed the same effect
on the stem diameter of potato plantlets in

Fig. 3. Effects of Y, G, and two B in conjunction with R on carbon and nitrogenmetabolism of potato plantlet in vitro. Letters (a–c) indicate statistically significant
differences between the means (P < 0.05) using least significant difference with SPSS. (A) Soluble sugar. (B) Soluble protein. (C) Starch.
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vitro between 445-nm blue LED light and
465-nm blue LED light (Table 2).

Plants that have a greater leaf number and
a larger leaf area absorb more light energy,
which results in more photosynthate and
biomass accumulation (Liu et al., 1984).
The combination of red and blue LED spectra
provided sufficient and effective light for
leaves (Kim et al., 2004) and was absorbed
by leaves (Klein, 1992; Smith, 1994). More-
over, Liu et al. (2011b) reported that the
addition of yellow LEDs to the combined
spectra of R and B improved the photosyn-
thetic efficiency of cherry tomatoes, which
was consistent with our findings. Ma et al.
(2015) reported that green LEDs added to the
combined spectra of red and blue LEDs
induced larger SLM, FW, DW, and leaf areas
of potato plantlets. We observed that yellow
LEDs added to the combined spectra of red
and blue LEDs were more advantageous for
the SLW, FW, DW, and blade numbers in
potato plantlets than were green LEDs. In our
experiment, we also observed under the
combined spectra of RBG and RBY that B
at 445 nm was more advantageous for the
growth of potato plantlet leaves than was B at
465 nm (Table 2). We also observed that B at
445 nm was more conducive to the biomass
accumulation of potato plantlets in vitro than
was B at 465 nm (Table 2).

The root system was the main organ that
absorbs water and nutrients. As the absor-
bance capacity of a root system with greater
root activity strengthens, water and nutrient
absorption increases, which further increased
the biomass accumulation of plants (Lynch,
1995). Park et al. (2013) reported that white
LEDs added to the combined spectra of red
and blue LEDs promoted the root length of
Perilla. Godo et al. (2011) reported that the
most effective wavelength of light forBletilla
rhizoid formation was revealed to be in the
range of 590 nm (Y) to 625 nm (R), which
was similar to our findings. We observed that
yellow LEDs added to the combined spectra
of red and blue LEDs were more advanta-
geous for root activity of potato plantlets in
vitro (Fig. 1) and observed no significant
differences in root activity between the treat-
ments of R630B445Y and R630B465Y or R630

B445G and R630B465G (Fig. 2).
The photosynthetic pigments of plants are

responsible for the absorption, transfer, and
transition of light energy. Chlorophyll is the
basic material of photosynthesis in plants.
The Chl content of leaves has a direct effect
on the photosynthetic rate. The Chl content of
lettuce plants under the combined spectra of
R and B was reported to be significantly
higher than that of plants under monochro-
matic and fluorescent light (Kim et al., 2004).
Li et al. (2010) reported that the Chl content
of upland cotton in vitro increased under the
combined spectra of R and B, and the same
result was observed in Oncidium plantlets in
vitro (Liu et al., 2011a). In addition, Ma et al.
(2015) reported that green LEDs added to the
combined spectra of red and blue LEDs
induced more Chl a in potato plantlets, which
was similar to the results of our experiment.

Blue light promoted the formation of Chl,
which significantly increased the photosyn-
thetic pigment content of nonheading chinese
cabbage and cotton (Li et al., 2012; Sæbø
et al., 1995). In our experiment, we also
observed that B at 445 nm was more advan-
tageous for Chl a accumulation in potato
plantlet leaves than was B at 465 nm.

The formation and distribution of carbo-
hydrates and proteins play an important role in
plants. The ecological adaptability, vegetative
growth, reproductive growth, source-sink re-
lationships, yield, and other physiological
activities of plants were closely related to
carbohydrate and protein concentrations
(Osaki, 2001). Red light promoted starch
accumulation in Brassica napus (Li et al.,
2013). Conversely, B promoted protein gen-
eration in chrysanthemum plants (Kowallik,
1982; Kuril�cik et al., 2008). Kowallik (1982)
argued that B enhances dark respiration and
that the organic acids synthesized amino acids
during dark respiration, which therefore, leads
to increased protein synthesis. Lin et al. (2013)
reported thatW added to the combined spectra
of red and blue promoted soluble sugar accu-
mulation in lettuce. Ma et al. (2015) reported
that green LED added to the combined spectra
of red and blue LEDs promoted carbohydrate
and protein accumulation in potato plantlets
than the combined spectra of R and B without
G did. Because the wavelength range of 500–
600 nm was classified as G in some studies,
the effects of Y (580–600 nm) on plant growth
and development were neglected. Therefore,
the addition of green and yellow LEDs to the
combined spectra of red and blue LEDswas to
compare the effects of Y and G on growth and
development of potato plantlet in vitro. We
observed that the addition of yellow LEDs to
the combined spectra of red and blue LEDs
was more advantageous for carbohydrate and
protein accumulation in potato plantlets than
was the addition of green LEDs (Fig. 3). This
may be the synergy of RBY better than RBG
for the carbohydrates and proteins accumula-
tion of potato plantlet.

Chang et al. (2009) reported that B was
beneficial for protein accumulation in potato
plantlets in vitro, and Johkan et al. (2010)
argued that the shorter wavelengths of the
same spectrum were favorable for protein
accumulation, which was consistent with our
results. We showed that B at 445 nm was
more beneficial for protein accumulation in
potato plantlets in vitro than was B at 465 nm
(Fig. 3).

Conclusions

The present study shows that the addition
of Y to the combined spectra of R and B
LEDs promoted the growth of potato plant-
lets in vitro than G or FL. In addition, B445

was more advantageous for the growth of
potato plantlets in vitro than was B465.
Compared with other treatments, R630B445Y
produced more vigorous potato plantlets in
vitro. Therefore, it would be beneficial to use
a R630B445Y spectrum for the cultivation of
potato plantlets in the tissue culture room.
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