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Abstract. The contribution of the UV light component on the skin coloration was determined 
in ‘Hakuho’ peach. Detached fruit partially covered with a UV-proof polyvinylchloride (PVC) 
fi lm and a polyethylene fi lm were exposed to sunlight for 4 days. Red coloration of the fruit 
and anthocyanin content in the skin were considerably reduced with the UV-proof PVC fi lm. 
Irradiation with a UV fl uorescent lamp at 3.58 W·m–2 markedly enhanced the red color de-
velopment, while white fl uorescent light at 120 µmol·m–2·s–1 did not affect the coloration. UV 
irradiation also increased the anthocyanin content in the cultured skin discs with increasing 
irradiance up to above 7.3 W·m–2. These results suggest that the UV component contributes 
signifi cantly to the enhancement of the fruit coloration by sunlight exposure. 

In peach, the development of red skin 
coloration of fruit markedly depends on the 
light conditions (Bible and Singha, 1993; Cor-
relli-Grappadelli and Coston, 1991; Marini, 
1985). Erez and Flore (1986) showed that the 
exposure to full sunlight for 3 d stimulated 
considerably color development at the end of 
stage II of fruit development in ‘Redhaven’ 
peach. They also reported that red color was 
reduced with increasing shading. The fruit 
inside or at lower position in the canopy usually 
showed poorer coloration than those outside or 
at higher position due to reduced light exposure. 
Techniques such as summer pruning (Myers, 
1993), and the use of metalized refl ective fi lm 
mulches (Layne et al., 2001) have been used 
to increase light penetration into the tree and 
consequently improve fruit coloration. 

The evaluation of the light conditions for fruit 
coloration of peach, to date, has been based on 
solar radiation, but the effect of specifi c wave-
length of light has not been elucidated. For other 
fruit, producing anthocyanin pigments in the 
skin such as apple (Arakawa, 1988; Arakawa et 
al., 1985; Chalmers and Faragher, 1977), sweet 
cherry (Arakawa, 1993), and grapes (Kataoka et 
al., 2003), the role of UV light in the fruit col-
oration has been demonstrated. We previously 
showed that the fruit coloration of ‘Satonishiki’ 
sweet cherry was enhanced mainly by irradiation 
of UV light compared with white light (Kataoka 
et al., 1996). The present study was conducted 
to determine the contribution of the UV light 
component on the skin coloration of detached 
fruit of ‘Hakuho’, a common midseason peach 
cultivar in Japan.

Materials and Methods

Plant materials. Yellow-green fruit were 
collected at the beginning of stage III of fruit 

eliminate UV components emitted at a low 
intensity. The spectral irradiance of these 
tubes is shown in Fig. 2. The irradiation was 
applied in a steel framework 60 cm (W) × 
30 cm (D) × 40 cm (H) covered with black 
felt. Fruit were placed 25 cm away from the 
light source. The intensity of the irradiation 
at the surface of the fruit is shown in Table 
1. Five fruit per treatment were continuously 
irradiated for 96 h.

Experiment. 3: Intensity of UV irradiation. 
Fruit skin discs were irradiated at different 
intensities of UV light. Skin discs measuring 
2 cm in diameter and 3 mm in thickness were 
obtained from the equatorial part of each fruit. 
Three discs were placed in a 6 cm in diam 
sterile plastic petri dish (MS-11600; Sumi-
tomo Bakelite Co., Ltd., Tokyo) containing 
3 mL of a fi lter-sterilized solution of 0.4 M 
sucrose and 0.05% L-ascorbic acid on one 
layer of fi lter paper. The light source and the 
equipment were the same as those in Expt. 2. 
The intensity of irradiation was adjusted by 
placing several layers of shade screen over 
the petri dish. The intensity was monitored 
beneath the plastic cover. The cultures were 
continuously irradiated for 96 h.

Skin color measurement. The L*a*b* 
values were measured at three positions 5 mm 
apart for the irradiated side of the fruit using a 
chromameter (CR 200; Minolta, Tokyo). 

Anthocyanin measurement. Three skin 
discs 9 mm in diameter were collected from 
individual parts of the treated fruit or skin 
discs. Anthocyanin was extracted overnight 
with 10 mL 1% HCl-methanol at 5 °C in the 
dark, and the absorbance of the extract was 
measured at 530 nm by a spectrophotometer 
(Ubest-30; Japan Spectroscopic Co., Ltd., 
Tokyo). 

growth, 3 weeks before harvesting, from 4-
year-old ‘Hakuho’ peach trees on ‘Nagano 
wild peach’ seedling rootstocks grown at the 
experimental fi eld of Kagawa University, 
Kagawa, Japan. Developing fruit were covered 
with paper bags to prevent insect damage and 
fungal infection from the beginning of growth 
stage II until the collection for 4 weeks. 

Light measurements. The radiant energy of 
light was measured using a spectroradiometer 
(LI-1800, LI-COR Inc., Lincoln, Nebr.). The 
level of photosynthetic photon fl ux (PPF) 
was determined using a quantum sensor (LI-
190SA, LI-COR) and irradiance of UV light 
was measured by UV sensor (SD104Acos 
320-400 nm; Macam Photometrics Ltd., 
Scotland) equipped with a data logger (LI-
1000; LI-COR).

Experiment 1: Elimination of UV compo-
nent in sunlight. The equatorial 
part of each fruit was covered 
with a 3 × 8-cm stripe consisting 
of two treatments: 0.075-mm-
thick UV-proof fi lm (Cut Ace, 
Mitsubishi chemical MKV, 
Tokyo) and 0.04-mm-thick 
polyethylene fi lm (Seinichi Co., 
Tokyo). The characteristics of 
these fi lms in the transmittance 
of sunlight are shown in Fig. 1. 
Fruit were exposed to sunlight 
with the cheek side up. The 
treatment started at 0800 HR and 
continued for 4 d. The fruit were 
actually exposed to sunlight 
for 9 h·d–1.

Experiment 2: Irradiation 
of UV fl uorescent light. Fruit 
were irradiated with UV light 
and white light using FL20S-
BLB (peak wavelength:352 
nm, Toshiba, Tokyo, Japan) 
and FL20S-SS (Toshiba) fl uo-
rescent tubes, respectively. The 
white light tubes were wrapped 
with UV-proof PVC fi lm to 

Fig. 1. Transmittance of polyethylene and UV-proof 
PVC fi lms in the range of (A) 300 to 1100 nm 
and (B) 300 to 450 nm of sunlight.
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Results

Experiment 1: Elimination of UV compo-
nent in sunlight. Polyethylene and UV-proof 
PVC fi lms reduced PPF to 84% and 88% of 
full sunlight, respectively. UV-proof PVC fi lm 
penetrated only 0.04% of the UV region in 
sunlight, while the polyethylene fi lm transmit-
ted 78% of the light. At noon, the maximum 
temperature of the fruit skin under both fi lms 
was 37 ± 2 °C, compared with 35 ± 2 °C for 
the uncovered skin. One day after the onset of 
exposure to sunlight, the red coloration began 
to develop in those parts of the fruit that were 
covered with polyethylene fi lm or had no cover-
ing. These parts turned reddish-pink at the end 
of treatment, whereas those parts covered with 
UV-proof PVC fi lm remained whitish-yellow 
(Fig. 3). The value of a*, which was closely 
related to red coloration and anthocyanin con-
tent, was signifi cantly lower in the fruit skin 
covered with UV-proof PVC (Table 2). 

Experiment 2: Irradiation of UV fl uorescent 
light. The color of the fruit kept in dark did 
not change during the 4 day exposure period. 
Artifi cial irradiation with UV at 3.58 W·m–2 

markedly enhanced red coloration. White 
fl uorescent light at the rate of 120 µmol·m–2·s–1 

showed no signifi cant effect on the color de-
velopment (Fig. 4). Anthocyanin content in 
the skin was signifi cantly increased by UV 
irradiation (Table. 1).

Experiment 3: Intensity of UV irradiation. 

Red coloration of the skin discs 
started to develop 2 d after the 
onset of irradiation at a higher 
intensity of UV light. After 96 h 
of irradiation, anthocyanin con-
tent in the skin increased along 
with the increasing intensity of 
UV irradiation (Fig. 5). The red 
coloration was clearly observed 
in the skin discs irradiated with 
UV light above 1.6 W·m–2 inten-
sity (Fig. 6). 

Discussion

Elimination of the UV com-
ponent from sunlight markedly reduced the 
coloration and the anthocyanin content in the 
skin of ‘Hakuho’ peach fruit. Kliewer (1977) 
reported that the anthocyanin formation in 
grape berries was markedly inhibited when the 
berries were exposed to 37/32 °C, day/night 
under high solar irradiation. In this experiment, 
however, the production of anthocyanin under 
the polyethylene fi lm, compared with the 
UV-proof fi lm showed that temperature stress 
was not a key factor affecting the response as 
both treatments had elevated temperatures. 
On the other hand, the artifi cial irradiation by 
UV fl uorescent light increased anthocyanin 
content in whole fruit and skin discs. These 
results indicate that the UV component mainly 
contributed to enhance the fruit coloration by 
sunlight. The response of the skin discs to dif-
ferent intensities of UV irradiation indicated 

that an intensity >1.6 W·m–2 is necessary for 
the development of red color in this cultivar. 
Inside or in the lower part of the tree canopy, 
severe reduction in the UV component may 
occur concomitantly with the decrease in sun-
light transmission (Bible and Singha, 1993). 
Cultural practices such as summer pruning, leaf 
removal or use of metalized refl ective fi lms 
could improve both UV and PPF exposure to 
fruit (Layne et al., 2001; Myers, 1993).

As for the mechanism of the enhancement 
of anthocyanin synthesis with UV light, UV 
irradiation has been reported to increase the 
phenylalanine ammonia-lyase (PAL) activity 
that is involved in phenol synthesis in apple 
(Farager and Chalmers, 1977). The PAL activ-
ity is controlled by phytochrome with a low 
ratio of red to far-red light (R/FR) suppressing 
PAL and reducing anthocyanin synthesis (Man-
cinelli, 1985). Smart et al. (1988) have shown 
that R/FR ratio decreases under the canopy of 
grape vine and that red light supplementation 
enhances the accumulation of anthocyanin in 
the berry skin. The involvement of UV-A-blue 
(cryptochrome) and UV-B receptors in the gene 
expression of PAL and chalcone synthase has 
also been demonstrated in several plant tissues 
and cells (Fuglevand et al., 1996; Takeda et 
al., 1997). In peach fruit, it is also likely that 
the light transduction pathways inducing the 
gene expression of these enzymes involved 
in the anthocyanin synthesis are mediated by 
these receptors. Detailed investigations on the 
action spectra in the UV region for anthocyanin 
synthesis should be conducted to gain better 
understand the role of light in improving fruit 
coloration.
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Fig. 5. Accumulation of anthocyanin 
in the skin discs of ‘Hakuho’ 
peach fruit after irradiation 
with UV fl uorescent light for 
96 h using FL20S-BLB (peak 
wavelength = 352 nm, Toshiba, 
Tokyo) as the source. Intensity of 
UV range of 320 to 400 nm was 
measured. Vertical bars indicate 
SE of the mean (n = 9).

Fig. 4. Appearance of ‘Hakuho’ peach fruit after irradiation with white and UV fl uorescent lights where 
lighting sources of UV and white were FL20S-BLB and FL20S-SS (Toshiba, Tokyo), respectively. 
Fruit kept without lighting were shown as dark.
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Fig. 6. Appearance of skin disc colors of ‘Hakuho’ peach fruit after irradiation with UV fl uorescent light 
for 96 h. As the lighting source, FL20S-BLB (Toshiba, Tokyo) was used.
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