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Figure 4 - The PPFD distribution (μmol m-2 s-1) of different lighting systems. (A) general layout of the culture vessel; (B) the
measured point of the PPFD on the shelf; (C) fluorescent lamp; (D) LED tube with 30% blue plus 70% red LED; (E) the LP and
WPT-LP systems.

(A) (B)

(C) (E)(D)

Figure 5 - The conventional lighting system using fluorescent tubes (left) and scaling up simulation models of WPT-LP system
(right) in plant tissue culture.
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volume of the culture shelves was 0.24 m3

(1.2 m x 0.8 m x 0.25 m). With 6 transmitter
coils in WPT-LP system, one culture shelf
contained 10 layers of the Magenta culture
vessels and one layer consisted of 96 Magenta
culture vessels (77 mm x 77 mm x 97 mm).
Thus, each culture shelf contained 192 vessels
in WPT-LP system. In the conventional
lighting system, the height of light source was
30 cm. The distance of the fluorescent lamp
from the top of the Magenta culture vessel was
20 cm, thus, the culture shelf only contained
96 vessels. For this reason, space efficiency
of WPT-LP system can be increased 2 times
in comparison with the conventional lighting
system per same culture area (Figure 5).

Effect of various lighting systems using
ratio of 30% blue plus 70% red LEDs on
the in vitro growth of chrysanthemum
plantlets and subsequent ex vitro growth

The effect of different lighting systems on
the in vitro growth of chrysanthemum plantlets
for 4 weeks was shown in Table 1 and
Figure 6. The results indicated that the growth
of chrysanthemum plantlets under LED
lighting systems was significantly higher than
that of FL light treatment. There was no
significant difference among the plant height
of plantlets under LED tube, LP and WPT-LP
system. The lowest height value (4.56 cm) was
observed under FL. A similar result was
observed for the plantlet fresh weight, and it
was higher under LP (1.43 g per plantlet) and
WPT-LP (1.42 g per plantlet) than under LED
tube (1.13 g per plantlet) and FL (0.83 g per
plantlet) (Table 1). The number of leaves per
plantlet under LED lighting systems was
higher than that under FL. Moreover, the

internode was longer in plantlets under WPT-
LP system, intermediate in plantlets under
LED tube and LP system and shorter in
plantlets under fluorescent lamp. However, the
number of leaves per plantlet under
fluorescent lamp was higher than that under
LED lighting systems (Table 3). The root growth
of plantlets also varied in response to the
different lighting systems. The highest
number of roots per plantlet was found under
LP system. Meanwhile, the root length was
higher under FL and LP systems. In contrast,
under LED tubes, root growth was the poorest
among the lighting system treatments.
Besides, chlorophyll a+b contents of
chrysanthemum leaves under LED lighting
systems were higher than those of plantlets
under FL. However, there was no statistically
significant differences among chlorophyll
concentration under LP and WPT-LP system.
Our results showed that the LP and WPT-LP
systems with the ratio of 30% blue plus 70%
red LEDs were suitable for chrysanthemum
plantlets cultured in vitro.

Different lighting systems during in vitro
culture also affected the subsequent
acclimatization of chrysanthemum to
ex vitro conditions. The subsequent growth of
chrysanthemum plantlets, cultured in vitro
under LED tube, LP and WPT-LP system
that used ratio of 30% red plus 70% blue LED
and FL for 4 weeks transferred to soil for
6 weeks, is shown in Table 2. Plants
acclimatized and grew well after transferred
to soil in all the treatments. There were
significant differences in survival rate, fresh
weight and plant height. The survival rate of
chrysanthemum plantlets under FL control was
lower when compared to those under other
lighting systems.

Table 1 - Effect of different lighting systems on in vitro chrysanthemum growth and development

Different letters in the same column indicate significant differences in Duncan’s test (p-value≤0.05).

Lighting 
system 

Fresh 
weight 

(g) 

Dry 
weight 
(mg) 

Root 
number 

Root 
length 
(cm) 

Plant 
height 
(cm) 

Leaf 
number 

Leaf area 
(cm2) 

Root 
length 
(cm) 

Chlorophyll 
a+b (μg g-1) 

FL 0.83 c 71.35 c 13.00 b 5.84 a 4.56 b 14.00 a 2.93 b 0.33 c 31.8 c 
LED 1.13 b 91.78 b 12.40 c 3.00 c 5.22 a 12.60 ab 3.45 a 0.41 b 44.7 b 
LP 1.43 a 119.56 a 16.20 a 5.22 a 5.64 a 12.60 ab 3.53 a 0.45 b 49.3 a 
WPT-LP 1.42 a 118.67 a 13.40 b 4.73 ab 5.68 a 10.60 b 3.59 a 0.53 a 47.9 ab 
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Figure 6 - Effect of various lighting systems (FL, LED tube, LP and WPT-LP system) on in vitro chrysanthemum growth and
development.

Table 2 - Effect of different lighting systems on subsequent ex vitro chrysanthemum growth and development in greenhouse after
6 weeks

Different letters in the same column indicate significant differences in Duncan’s test (p-value≤0.05).

The survival rate of chrysanthemum
plantlets derived from cultivation under LED
lighting system was significantly higher than
that under FL. In addition, the height and
fresh weight of chrysanthemum plantlets were
also higher in LP and WPT-LP when compared

to those under FL light treatment. Growth
continued until flower bud formation from
chrysanthemum plantlets under different
lighting systems (FL, LED tube, LP and WPT-LP
system) after transferred to soil for 16 weeks
(Figure 7).

Lighting system Survival rate (%) Fresh weight (g) Plant height (cm) Leaf area (cm2) 
FL 94 b 4.32 c 10.00 b 18.15 a 
LED 98 a 4.71 bc 11.90 a 18.96 a 
LP 100 a 5.27 a 11.94 a 19.55 a 
WPT-LP 100 a 5.04 ab 12.00 a 18.02 a 
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in vitro plant growth. The early research of
this combination on enhanced growth of
Cymbidium plantlets cultured in vitro was
reported by Tanaka et al. (1998). Lian et al.
(2002) also found that red plus blue LEDs were
suitable for growth of bulblets of Lilium and the
number of root per bulblet and the fresh and
dry weight matter percentage of bulblets grown
under this condition were higher than the
bulblets under fluorescent lamps. The effects
of LEDs on the growth of Chrysanthemum were
reported by Kim et al. (2004). In their study,
net photosynthetic rate of Chrysanthemum
was higher under red plus blue LEDs,
followed by fluorescent lamps and lower under
blue plus far-red LEDs and blue LEDs (Kim
et al., 2004). Our experiment has shown that
the combination of red and blue LED in
three systems (LED, LP and WPT-LP) promoted
increase in the growth and development
parameters of in vitro and ex vitro
Chrysanthemum plantlets (Table 1 and 2).
Chrysanthemum plantlets grown very well
when cultured in LP and WPT-LP systems under
in vitro conditions and subsequent growth in
greenhouse.

Effect of various systems using ratio of
30% blue plus 70% red LEDs on the in
vitro growth of strawberry plantlets and
subsequent growth when transferred to
soil

After 4 weeks of culture, the growth
parameters of in vitro strawberry plantlets
growth under different systems is presented
in Table 3. According to our data, strawberry
plantlets grown under LED lighting systems
had higher fresh, dry weight and plant height
than those grown under fluorescent light
(Table 3; Figure 8). The total fresh weight was

 

Figure 7 - A comparison of subsequent growth of in vitro
chrysanthemum plantlets under different lighting systems
(FL; LED tube; LP system; WPT-LP system) after
transferring to soil for 16 weeks.

Table 3 - Effect of different lighting systems on in vitro chrysanthemum growth and development

Different letters in the same column indicate significant differences in Duncan’s test (p-value≤0.05).

There were many researches that
demonstrated the combination of blue LEDs
and red LEDs as an effective light source for

Lighting 
system 

Fresh 
weight (g) 

Dry weight 
(mg) 

Plant 
height 
(cm) 

Leaf 
number 

Leaf area 
(cm2) 

Root 
number 

Root 
length 
(cm) 

Chlorophyll 
a+b  

(μg g-1) 
FL 0.48 b 25.92 b 5.26 b 5.49 a 2.10 b 5.18 b 3.36 c 39.85 c 
LED 1.02 a 56.81 a 6.50 a 6.75 a 2.72 b 10.38 a 4.99 b 43.10 bc 
LP 1.04 a 60.97 a 6.50 a 6.98 a 4.50 a 11.08 a 6.13 a 44.50 b 
WPT-LP 1.02 a 59.70 a 6.66 a 6.49 a 4.15 a 11.43 a 4.57 b 48.05 a 
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Figure 8 - Effect of various lighting systems (FL, LED tube, LP and WPT-LP system) on in vitro strawberry growth and
development.

lower for strawberries grown under FL (0.48 g
per plantlet) while the observed increase of dry
weight under LED, LP and WTP-LP system
ranged from 1.02 to 1.04 g per plantlet over the
fresh weight of control plants. No significant
difference was observed in the number of
leaves of explants among different systems but
leaf area was greatly affected by various
systems. Leaf area of plantlets were higher
under LP system (4.53 cm2), whereas those
under FL were the lowest growth observed,
with small leaf area (2.10 cm2). In addition,
chlorophyll content exhibited significant
difference among the different systems.

Chlorophyll content was higher when plantlets
were cultured under WTP-LP even though other
growth parameters regarding were remarkably
lower under this system than those under LP.

Subsequent growth of in vitro strawberry
plantlets under different lighting systems (FL;
LED tube; LP system; WPT-LP system) after
4 weeks of acclimatization in the greenhouse
are presented in Table 4.

The acclimatization of in vitro strawberry
plantlets had been variably affected by different
lighting systems. Strawberry plantlets cultured
in the LED lighting system outperformed by a
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range of 94 to 96% over the survival rates of
the control plantlet (70%). In addition, the
growth parameters such as fresh weight,
height and leaf area of strawberry plantlets
in the LED lighting system were higher than
those of plantlets from the control treatment
(Table 3; Figure 9). After approximately
10 weeks of vegetative growth, strawberry
plantlets derived from different lighting
systems (FL, LED tube, LP and WPT-LP system)
started the flowering process and fruit started
to form after one to two weeks (Figure 9).

Previous studies have demonstrated
that LEDs promoted or induced in vitro and
ex vitro plant growth and development (Nhut
et al., 2003). The effects of LEDs in plants
growth and development were very clear,
although, the influence of electromagnetic
f i e lds  to  p lant  growth was l imi ted .
However, there has been a controversy
about the effect of electromagnetic fields
on plant physiology. Belyavskaya (2004)
found that weak electromagnetic fields
inhibited plant growth and decreased cell
division. Ramezani Vishki et al. (2012)
demonstrated that electromagnetic fields
enhanced seed germination and root
elongation in Satureja Bachtiarica, but
restrained shoot length, leaf area, fresh
weight and dry weight of explants. In
another study, Dao-Liang et al. (2009)
found that the electromagnetic field could
increase the sprout numbers of Plum
(Prunus maritima). However, there was
unclear explanation about the effect of
electromagnetic field on plant physiology,
especially with in vitro culture process. In
our study, electromagnetic field was used
in a low frequency, at 120 kHz, and likely
did not cause any change in explant
physiology. Wireless power technology has
been widely used in mobile devices and for

Table 4 - Effect of different lighting systems on subsequent ex vitro strawberry growth and development in greenhouse after 4 weeks

Lighting system Survival rate (%) Fresh weight (g) Plant height (cm) Leaf area (cm2) 
FL 70 b 3.01 b 6.99 b 7.11 b 
LED 94 a 3.97 b 8.75 a 12.73 a 
LP 96 a 5.35 a 8.74 a 13.02 a 
WPT-LP 96 a 5.30 a 9.33 a 12.49 a 

 Different letters in the same column indicate significant differences in Duncan’s test (p-value≤0.05).

Figure 9 - A comparison of subsequent growth of in vitro
strawberry plantlets under different lighting systems (FL;
LED tube; LP system; WPT-LP system) after transferring
to soil for 4, 8, 12 weeks.

the first time ever, in this study, it has
been applied to in vitro plant culture tissue.
This was a primary research study on the
impact of LEDs and wireless power transfer
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system in micro-propagation. Therefore,
further studies on interactions between
the electromagnetic field, LEDs and the
physiology of in vitro plantlets would be
important.

In this study, a wireless power transfer
combined with LED lighting system was
deve loped.  The opt imal  growth and
deve lopment  o f  chrysanthemum and
strawberry plantlets in WPT-LP is either
equal to or better than in LP under LED or
FL.  Unl ike the convent ional  l ight ing
system,  h igh space  ut i l i zat ion was
increased 2 times per the same culture
area  in  WPT-LP system.  I t  could  be
considered as the first attempt to study the
application of wireless power transfer
system in micro-propagation with some
advantages. These studies would provide
us with an opportunity to investigate the
effects of the combination of light and
electromagnetic fields on plant growth and
development. With further improvement
and experiments to be conducted, we
expect that WPT-LP system could be very
useful in most of tissue culture systems
and plantlet productions.
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