
Abstract

BACKGROUND: Photoreversibility, a reversion of the 

inductive effect of a brief red light pulse by a subsequent far 

red light pulse, is a property of photo responses regulated by 

the plant photoreceptor phytochrome B. Plants use 

photoreceptors to sense photo signal and to adapt and 

modify their morphological and physiological properties. 

Phytochrome recognizes red light and far red light and plays 

an important role in regulating plant growth and development. 

METHODS AND RESULTS: The reversal responses of 

growth and fruiting characteristics were investigated to 

increase the yield of oriental melon (Cucumis Melo L. var. 

Kumsargakieuncheon) by means of controlling light quality 

in a plastic house. Red (R:660nm) and far red (FR:730nm) 

lights were subsequently irradiated on the whole stems and 

leaves of the oriental melon plant during growing periods, 

using red and far red LEDs as light sources, from 9:00 PM 

daily for 15 minutes. The intensities of R and FR light were 

0.322-0.430 μmol m-2s-1 and 0.250-0.366 μmol m-2s-1, 

respectively. Compared to R light irradiation, combination of 

R and FR light irradiation increased the length of internode, 

number of axillary stems, number of female flowers, and fruit 

number of oriental melons. The results of treatment with R 

were similar to R-FR-R light irradiation in terms of length of 

internode, number of axillary stems, number of female 

flowers, and number of fruits. When FR treatment was 

considered, R-FR and R-FR-R-FR light irradiation had 

similarities in responses. These reversal responses revealed 

that oriental melon showed a photoreversibility of growth 

characteristics, flowering, and fruiting. 

CONCLUSION: These results suggested the possibility of 

phytochrome regulation of female flower formation and 
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fruiting in oriental melon. The fruit weight of the oriental 

melon was the heaviest with the R light irradiation, while the 

number of fruits was the highest with the FR light. With the 

FR light irradiation, the fruit weight was not significantly 

higher compared to that of the control. Meanwhile, the yield 

of oriental melon fruits increased by 28-36% according to 

the intensities of the FR light due to the increases of the 

number of fruits. 

Key words: Far Red Light, Fruiting, Oriental Melon, 

Photoreverslbility, Red Light

Introduction

Light is an energy source for the photosynthesis of 
green plants and a source of information for daylength 
effect, photoperiodism, and photomorphogenesis [1]. In 
plants, phytochrome senses the red light and far red 
light and mediates the important role of detecting 
light wavelength, light intensity, light direction, and 
light irradiation time throughout the development of 
plants [2]. Phytochrome is the most distinctive plant 
photoreceptor. The red light absorbing Pr-type 
phytochrome, among the phytochromes, is formed in 
the dark. Pr-type phytochrome, after absorbing the red 
light, can be converted into a far red light absorbing 
type Pfr [3]. In addition, phytochrome (phy) is adapted 
to detect red light, as well as far red light [4]. 
Photoreversibility, which is a reaction induced by the 
irradiation of a short red light and which becomes 
nullified by successive irradiation of far red light, is a 
photoreaction by the plant photoreceptor phytochrome 
B (phyB). Plants use photoreceptors to sense photo 
signal and to adapt and modify their morphological and 
physiological properties [1]. Phytochrome recognizes red 
light and far red light and plays an important role in 
regulating plant growth and development [5,6]. 

Phytochrome is a reversible photochromic biliprotein 
and exists in the form of the biologically inactive red 
light absorbing type Pr and the biologically active far 
red light absorbing type Pfr. The equilibrium between 
these Pr- and Pfr-type phytochromes drastically changes 
and is strongly related with the R:FR ratio [7]. The red 
light and far red light enable plants to adapt to the 
environment for survival through the phytochrome 
regulation system. The anatomical properties of leaves, 
photosynthetic efficiency, and distribution of carbon 
assimilation products affect the developmental process 
of leaves, especially after sunset, by the ratio of red 

light and far red light [8]. Plants sense the changes of 
the red light of 660nm and far red light of 730 nm 
by the photo-receptable protein phytochrome. The 
wavelength and daylength of the light regulate 
numerous developments of the plants such as seed 
germination, stem elongation, and flowering. Far red 
light irradiated for a short duration of 5 to 10 
minutes at the end-of-day (EOD) increases bioactive 
GA contents of the cowpea coleoptile through the 
action of PHY genes [9]. Pfr-type phytochrome acts as 
an effective active form in a phytochrome mediated 
reaction; therefore, it can act like a photoreversible 
light switch of the red light versus far red light in light 
treatment for an extremely short period [4,2,10,11,17]. 
The phytochrome, which is a photoreceptor protein of 
plants, exists in the form of inactive Pr-type and is 
converted into active Pfr-type by the red light to induce 
biological reaction and then converted again into an 
inactive Pr-type by far red light. The reaction, which 
is made possible through the red light is nullified by 
the far red light. These reactions are repeated and are 
called photoreversibility [19]. 

Typical photoreversible reactions of the higher 
plants known to date include germination of lettuce 
seeds, de-etiolation of oat cotyledons, leaf primodia 
formation, and development of the main leaves of 
mustard seedlings, formation of anthocyanins, internode 
elongation of soybeans, and chlorophyll content of 
pine leaves [12].

Oriental melons (Cucumis Melo L.) are growing in 
the field area of 145 ha and in facilities of 3,469 ha 
where they are mainly cultivated inside the plastic 
houses in Korea. 

Therefore, this study was conducted to investigate 
the fruiting and growth responses of the oriental melon 
by way of controlling the red light and far red light, 
with the help of LED, and to develop a technology to 
increase production. 

Materials and Methods

Alternative red and far-red light treatment 

Oriental melons (Cucumis Melo L. var. 
kumsargakieuncheon) of uniform seedlings with leaf 
aged six were used for the experiment. They were 
planted one each in a 1/2,500 a Wagner pot on the 
10th of June, arranged as three replications, and then 
cultivated until September 30th. The sandy loam 
upland soil and commercial horticultural seedling 
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mixes were formulated to (v/v) 5:5 and filled into the 
pot. Fertilizers N, P, and K were applied in the ratio 
of 190, 60, and 110 kg ha-1 according to standard 
fertilization. The drip-irrigation nozzles were installed 
in each pot to maintain moisture uniformly throughout 
the growth period of the oriental melons. 

The central wavelength of 660 nm for red LED and 
730 nm for far red LED were applied for the 
experiment. Lighting treatment was applied by installing 
the red LED luminaries (200 cm × 6 cm × 3 cm) 
fabricated in-house at 40 cm of the pot top. 

Light intensity was set to 0.330 μmol m-2s-1 for the 
red light and 0.264 μmol m-2s-1 for the far red light. 
Oriental melons were irradiated sequentially throughout 
the growing period by using an electronic timer from 
9:00 pm (Table 1). 

The intensity of red light and far red light were 
measured by means of light sensor SKP-215 
(Skyeinstruments, UK). After 60 days of light 
treatment, leaf area, internode length, number of 
axillary stems, number of female flowers, and number 
of fruits of oriental melon were examined. 

Treatment with far-red light intensity 

The oriental melons (Cucumis Melo L. var. 
kumsargakieuncheon) were cultivated in the plastic 
house at the local farm. Uniform seedlings with a leaf 
age of six were used in the experiment. Fertilizers N, 
P, and K were applied in the ratio of 190, 60, and 110 
kg ha-1 according to standard fertilization. After 
tillage operation and soil preparation, soil surface was 
covered with block vinyl mulching. The field was 
prepared with the rotary tillage operation and then 
the melon seedlings were planted on the 20th of 
March and cultivated till harvest on the 30th of 
September. The lighting treatment devices were 
installed at 2 meters-high from the canopies of the 
melons. Far red light having a wavelength in the range 
of 680 nm-760 nm with a center peak wavelength of 

730 nm was applied to the plants. The intensities of 
far red light were 0.305 μmol m-2s-1, 0.430 μmol m-2s-1, 
and 0.754 μmol m-2s-1, respectively. The control was 
set without lighting treatment based on conventional 
practice. The light was irradiated from 9 pm to 10 pm 
for one hour. As the growth of the oriental melons 
was advanced, the number of fruits, fresh weight of 
fruit, and yield were measured ten times at a regular 
interval. 

Statistical processing of the data 

The growth data of the oriental melon were 
processed with the least significant difference test 
(LSDT) using the statistical package R. 

Results and Discussion

Photoreversibility of the growth and fruiting 

The photoreversibility of the growth and fruiting of 
the oriental melon after sequentially treating it with the 
red light and far red light are shown in Fig. 1. Just after 
treating the plant with the red light, the leaf areas, 
number of axillary stems, internode length, number of 
female flowers, and number of fruits increase if the far 
red light is applied. Meanwhile, the sequential treatment 
of red light and far red light promotes the increases of 
leaf areas, number of axillary stems, internode length, 
number of female flowers, and number of fruit, along 
with similar trends by the treatment effect of red light, 
far red light, red light, and far red light. 

Since Pfr-type phytochrome can act as an effective 
form in the phytochrome-mediated reaction, it can 
work like a photoreversible light switch of far red 
light compared to that of molecular red light with an 
extremely short light treatment [2,4,10,11]. [7] reported 
that the reaction of phytochrome was nullified by the 
far red light treated successively and the reaction was 
determined by the light that was treated lastly. 

The number of axillary stems, number of female flowers, 

Light treatment Time

R 15 minutes 

R, FR 15 minutes, 15 minutes

R, FR, R 15 minutes, 15 minutes, 15 minutes

R, FR, R, FR 15 minutes, 15 minutes, 15 minutes, 15 minutes

R: red light (660 nm), FR: far red light (730 nm)

Table 1. Red and far-red light treatment on growing oriental melon 
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(a) leaf area (b) internode length

(c) axillary stem (d) female flower, fruit

Fig. 1. Red and far-red lights induced photoreversible responses of growing oriental melon. 

The common letters on the columns mean no significant difference at 5% probability level by Duncan’s multiple range 
test.

and number of set fruits showed photoreversibility, which 
might be due to increases of the number of axillary stems 
by treatment with far red light. 

Far red light, applied at the end-of-date, promoted 
2nd and 4th internode elongation in the soybean, but the 
internode length was again reduced by the succeeding 
red light, indicating that the soybean internode length 
showed a photoreversibility by the red light and far 
red light [8]. 

The internode length of the oriental melon also 
increased by means of the far red light, decreased by the 
successively applied red light, and then the internode 
length was determined by the light which was treated 
lastly as shown in Fig. 1.

This photoreversibility of oriental melon growth by 
far red and red light corresponds to the Low Fluence 
Response (LFR). The intensities of light treatment in 
this study were 0.330 μmol m-2s-1 for the red light and 
0.264 μmol m-2s-1 for the far red light. 

[5] reported that the LFR was caused by PHYB, 
PHYD, and PHYE, and it was a reaction by the red 
light and far red light, a photoreversibile reaction, 

and it was induced by a light intensity higher than 1 
μmol m-2s-1. 

Yield by the intensity of far-red light 

The total yield of the oriental melon from planting 
in the plastic house till harvest and upon treatment 
with far red light is shown in Table 2. Fig. 2 is a 
view of growing oriental melon treated with far red 
light in a green house. The fruit weight was not 
significantly different from the fruits receiving far red 
light treatment. However, the yields were increased 
with far red light intensities of 0.305 μmol m-2s-1, 
0.430 μmol m-2s-1, and 0.754 μmol m-2s-1 by 28%, 35%, 
and 36%, respectively, due to the increases of number 
of fruits by far red light treatment. 

The number of axillary stems was increased by the 
treatment with the far red light as shown in Fig. 1. 
The results are different from the report that the 
number of tillers in wheat decreased due to far red 
light treatment at the end-of-day [13]. [13] reported 
that the rates of tillers, leaf length, and fresh weights 
of stems and roots of wheat, which were reduced 
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Light treatment
(μmol m-2s-1)

Fruit number
(no./plant)

Fruit weight
(g/fruit)

Solid sugar
(Brixㅇ)

Production
(kg/plant)

 Control (no light) 11.6 b 307 a 15.7 a 3.57 b 

 0.305 15.2 a 308 a 15.4 a 4.68 a 

 0.430 15.8 a 307 a 15.9 a 4.86 a 

 0.754 16.2 a 302 a 15.2 a 4.89 a 

LSD 2.97 30.0 2.5 0.96

The common letters within a column mean no significant difference at 5% probability level by Least Significance 
Difference test.

Table 2. Effects of far-red light treatment on fruit characteristics and production in oriental melon 

Fig. 2. Scene of alternative red and far-red light treatment (left) and far-red light treatment on growing oriental 
melon (light).

after treatment with far red light, increased from the 
treatment with red light. In addition, the tillers, 
leaf length, and fresh weights of stems and roots of 
wheat showed photoreversibility due to the red and 
far red lights. In this study, the experimental subject, 
oriental melons, were dicotyledons, while the sub-
ject in the experiment of [13] was wheat, which was 
monocotyledon. The emerging patterns between the 
tillers of monocotyledon and axillary stems of the 
oriental melon, which is a dicotyledon, were also 
different. Kasperbauer [8,14] reported that the short 
red light irradiated on the beans for a few minutes at 
the end-of-day resulted in the relatively large and 
thick leaves, short stems, and large fresh weight of 
the roots. On the contrary, the far red light treatment 
on the beans for a short time at the end-of-day 
showed thin leaves, high plant height, heavy stems, 
and relatively small roots. In addition, Kasperbauer 
[8] reported that the increased dry weights of the 
leaves and petioles of beans after treatment with the 
far red light were reduced by the red light treatment. 
Furthermore, the reduced dry weights of roots and 

nodules by treatment of far red light were increased 
by the treatment of red light; thereby, the dry weights 
of the leaves, petioles, roots, and nodules of beans 
exhibited photoreversible responses by means of red 
light and far red light. 

There was no significant difference in the sugar 
content of oriental melon by far-red light treatment 
(Table 2). [18], it was reported that adding far-red 
light either during the day or at end-of-day resulted 
in significantly higher soluble sugar content.

The flowering of oriental melon and melon, in 
general, is an andromonoecious type in which male 
flower and androgyne are set from different nodes in 
one plant. The melon cultivar Kumsargakieuncheon, 
which recently has been widely cultivated, is a 
monoecious type in which male flower and female 
flower are set at different nodes. In some oriental 
melons and wild melons, hermaphroditic types are 
available where only androgynes are set in all the 
nodes regardless of main branch and axillary 
branches [15].

In the melon, the secondary stems normally 
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emerge from the 4th to 5th nodes at the main stem, 
while the androgyne (female flower) is set at the first 
node of the secondary stem. Unlike melon, female 
flowers in the oriental melon are almost not set in the 
main stem, as well as secondary stems, but they are 
set in the first node of the third stem [15]. 

The gender in the flower of the oriental melons is 
not determined from the beginning, but it is 
determined during growth and development under the 
influence of genetic predisposition and environment. 
Short day, low temperature, amount of sunshine, and 
nutrition are related to the differentiation of the female 
flower; specifically, the night-temperature affects the 
fruit more since night temperatures of 21℃ instead of 
25℃ and 17℃ instead of 21℃ promote female flower 
settings more, as well as increase their number. There 
is no effect based on low night temperature just after 
the cotyledon’s opening, but temperature effect 
becomes significant after 1-2 leaves, especially with 
two leaves and when the appearance of a female 
flower is less under the hot temperature. Furthermore, 
if support is provided, the number of female flowers 
increases and, according to the environmental 
condition, the development of stamens is sometimes 
poor and ovary growth is not substantial, resulting in 
the appearance of a flower whose gender is difficult to 
distinguish [15].

When “ethrel” application effect was examined for 
the oriental melon, there was no female flower setting 
in the main stem with no ethrel, while sound female 
flowers appeared and normally developed between 
7-12th nodes when treated with ethrel during 4 leave 
stages. The treatment with ethrel could be used as 
one method for the difficult fruit setting period or for 
the purpose of early fruiting [15].

Meanwhile, Hong et al. stated that the flowering 
responses of the perilla [16] were photoreversible. With 
the supplement of red-light at 0.5 μmol m-2s-1, the fresh 
leaf weight of perilla was increased by 21%, while 
chrysanthemum had its product quality improved with 
the fresh weight increment by 36% and with the 
red-lighting at 1.0 μmol m-2s-1. Meanwhile, the long-day 
plant strawberries had their production increased by 
8.5%, with the supplementary lighting of red LED. 

Therefore, the far red light treatment at the 
end-of-day might have contributed to the increase in 
number of fruits and production of oriental melon by 
way of increasing the number of female flowers. The 
production of oriental melon can be secured when the 

female flowers appear to have more fruit settings. 
During the early growth of oriental melon, fruit 
setting is induced at the secondary axillary stem and, 
as it grows, leaves and stems become lush, making 
accurate vine management difficult. Therefore, in 
general, the increases of female flowers and fruit 
setting by treatment with far red light might be due 
to increases of the 3rd axillary stems by the action of 
far red light. 

As mentioned above, the amount of oriental melon 
fruit was increased by far-red light treatment, but 
there was no significant difference in sugar content. 
Therefore, it is judged that the development of 
technology related to the control of the amount of the 
oriental melon fertilization and irrigation suitable for 
far-red light treatment is necessary in the future. 

As a conclusion, the fruit setting of the oriental 
melon exhibited the photoreversibility by the red and 
far red light. The far red light might have induced an 
increase in the production of oriental melons by 
increasing the female flowers. Therefore, it was judged 
that the action of far red light induces the phytochrome 
responses and that the development of the technology 
of the far red light for various crop usages is beneficial 
in the agricultural sites.
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