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Abstract 

This study was carried out to investigate the effects of red and far-red Iight (R and FR) treatrnents on stimu
la마19 or delaying the ripening of harvested tomatoes. Also, the reversible effects of Iight treatrnents on to
mato ripening were examined with treating FR inlmediately after R treatrnent or with applying R after FR ir
radiation. The results showed that the development of tomato ∞lor was stimulated by R treatrnent and de
layed by FR treatrnent. The effect of R irradiation on stimulating the development of tomato ∞lor was 
suppressed by FR treatrnent. 까le development of tomato ∞lor suppressed by FR treatrnent was stimulated by 
R irradiation. Therefore, it was ∞nsidered that the development of tornato color is well mediated through a 
photoreversible pigment, phytochrome. The effect of Iight treatrnent on controlling tomato ripening was great 
when Iight irradiation was applied on tomatoes at the maturity state of mature-green rather than breakers stage. 
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Introduction 

In photomorphogenesis, many aspects of the 

growth, development and differentiation processes 

in pl뻐ts are often mediated throu맹 photoreversible 

pi맑lent， phytochrome. πle reversible effi야ts of red 

and far-rlεd li핸ts on seed germination (Borthwick 

et al. , 1952) and pl때t flowering are well-establish

ed facts. Phytochrome, a sin밍e pigment exists in 

two interconvertable forms, Pr with an absorption 

maximum near 660 nm and Pfr, active form, with 

an absorption maximum near 730 nm (Borthwick 

et al. , 1952; Borthwick, 1972): 

Red light (660 nm) 

P, Pf, 
Far-red light (730 nm) 

After plants have been irradiated with red light, 
the P fr form of phytochrome exhibits absorption in 
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far-red region. This form is reversible to another 

form of P" which absorbs in the red region when 

irradiated with far-red li앙lt. Even a one minute li방lt 

exposure is effective, and the reversibility is obseπ

ed according to the last exposure (Khudairi, 1972). 

Cohen and Goodwin (1962) indkated that a brief 

exposure to red light stim비ated carotenoid synthes

is in etiolated maize seedling, and the reversal of 

this effect by far-red light showed that it was a 

phytochrome-mediated reaαion. Butler et al. (1963) 

found that phytochrome in 때rk -grown seed파Ig was 

present entirely as P,. πley demonstrated that P" 

reverted to P, 피 the dark following a single brief 

irradiation with red light which converted the P, to 

P". 
According to previous study (뻐udairi， 1972), 

the carotenoid biosynthesis of tomatoes is mediated 

by phytochrome. Thus, the influence of light on 

ripening of fruits has been the subject of a number 

of investigations. During ripening the color of to

mato is changed to green, white, y페low， pink, and 

then red. The change from green to white involves 
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chlorophyll degradation, and from white to. red in
volves carotenoid biosynthesis. πle red color of the 
tomatoes is due to its major carotenε， lycopene, 
which is found at levels up to 90% of the total 
carotenoids (Gross, 1991). Smith (1936) found that 
the carotenoid content was reduced, when light was 
excluded during the development and maturity. Hε 
also obseπed that the carotenoid content of both 
the skin and the flesh of fruits ripened under the 
light was higher than that of fruits ripened in the 
dark. Denisen (1951), McCollum (1954), and Net
tles et al., (1955) also made the studies showing a 
significant increasε in red color and higher caro
tenoid level in fruit exposed to light. 

Several kinds of fluorescent and incandescεnt 
lamps are available as the light sources. Shewfelt 
and Halpin (1967) reported that Standard Gro-Lux 
or Wide Spectrum Gro-Lux fluorescent light was 
morε effective than cool white fluorescent light in 
tomato ripening. Shewfelt (1970) showed that Stan
dard Gro-Lux lamps produced the predominant ra
diant energy in the region of 650 nm and had a 
significant effect on ripening of fruits. Furthermorε， 

the tεchnique of artificial irradiation has been ap
plied to apples for improving the rεd pigmentation 
(Saks et al. , 1990). Speciallight quality can be ob
tained from thε light source with the use of color 
filter. Campbell et al. (1975) provided the infor
mation for the electrical, photometric, and radiomet
ric properties of lamps, which werε commercially a
vailable for plant lighting. Dobrowolski et al. (1977) 

examined the spεcifications of about eight-hundred 
colored glass filters made by thirteen manufactures. 

With the use of increased mechanical haπεsters 
and the development of cultivars adapted for ma
chine harvesting, there is an added interest in con
trolling the ripening of detached tomatoes. 
πle objectives of present study were to: 
• Evaluate the εffects of red and far-red lights 

on the color development of tomatoes. 
• Determine whether the phenomenon of the re

versal of R effect by FR irradiation and FR 
effect by R irradiation on the color develop
ment of tomatoes is possible . 

• Investigate which stage of maturity is well af
fected by light treatment on thε color devεlop
ment of tomatoes. 

Materials and Methods 

Tomatoes 
In the first experiment, the maturity state of to

matoes obtained from field was at mature-green. 
πlen， tomatoes were ripened to maturity state of 
the breakers in room temperature. These tomatoes 
at maturity of the breakers stage were used in the 
fπ8t experiment. Tomatoes for expe:riment were sort
ed for uniformity of maturity and size and absence 
of physical defects. In the second experiment, ma
ture-green tomatoes which were obtained from the 
field were used as experimental materials. Toma
toes for this experiment wεrε also sorted for un
iform maturity and size and abst:nce of physical 
defects. 

Light Treatments 
In the experiment, a group of tomatoes were com

posed of five selected at random. For each light 
treatment, tomatoes were placed, blossom end up, 

in thε irradiation chamber (Fig. 1). A group of to
matoes were kept in darkness 1'or control. The 
group 0 1' tomatoes was exposed 10 red light (R), 
far-rεd light (FR), FR followed immediately by R 
(FR!R), and R followed immediately by FR treat
mεnt (R/FR). 까le R and FR trεatments were ap
plied for 5 minutes per a day respectively in an ir-

fon 

Ligh‘ fi ’• .. r 

Fig. 1. Light iπadiaüon chamber for r애 light (lower 
section) and far-red light (upper section). 
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Fig. 2. Spectral irradiance distnbution in filtered red 
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뀐g. 3. Spectral irradiance distribution in filtered far
n폐 Iight. 

radiation chamber. The FRIR and RIFR treatments 
were applied for 5 minutes for R and 5 minutes 
for FR daily. After light treatment was completed, 
tomatoes were kept in darkness immediately. 

In the frrst experiment, light treatment was con
tinued for five days, because the light treatment of 

five days was su짧cient for color development of 
tomatoes at maturity of the breakers stage. In the 
second experiment, light was succεssively tr，εated 

for eight days since the initi외 maturity of tomatoes 
for experiment was at the stage of mature-green. 

Tomatoes for R (1.136 W/m2 in 600 to 700 nm, 
λmax=615 nm, Fig. 2) treatment were placed in the 
lower section of the chamber and exposεd to red 
light produ야d by six cool-white fluorescent bulbs 
and filtered throU!ψ Roscolux #19 acetate (Rosco 
Inc. , Port Chester, NY). FR (2.819 W/m2 in 700 to 

780 nm, λ."，=780 nm, Fig. 3) treatment was per
formed in the upper section of light irradiation 
chamber. The far-red li방1t was obtained by filter
ing radiation from two 120 W incandescent lamps 
through a p이ya.αylic sheet of cast a.σylic #2711 
dark red (Rohrn 빼 Haas, Bristol, Pa). 

Color Determination 
π1ere are six stages of maturity used to grade 

fresh tomatoes according to color classification re
quirements of the U. S. Department of Agriculture 
(USDA, 1975): 

1) "Green" means that the surface of the tomato 

is completely green in color. The shade of green 
color may vary from light to dark. 

2) “ Breakers" means that there is a definite break 
in color from green to tannish-yellow, pink or red 
on not more than 10 percent of the surface. 

3) ''Tuming'' means that more than 10 percent 
but not more than 30 percent of the surface, in the 
aggrεgate， shows a definite change in color from 
green to tannish-yellow, pink, red or a combination 
thereof. 

4) “ Pink" means that more than 30 percent but 
not more than 60 percent of the surface, in the ag
gregate, shows pink, or red color. 

5) “ Light Red" means th따 more than 60 percent 
of the surface, in the aggregate, shows pin넙sh-red 

or red: Provided, that not more than 90 percent of 
thε surface is rεd color. 

6) “ Red" means that more than 90 percent of the 
surface, in the aggregate, shows red c이or. 

Each of six categories (Green, Breakers, Tuming, 
Pink, Light Red, Red) were assigned a value (1 , 2, 
3, 4, 5, 6 respectively) and tomatoes were visually 
evaluated using a standard color ch빠 (USDA, 
1975). After last light treatment, daily checks for 
color development were made for tomatoes of each 
group from 6th to 9th day in the first experiment 
and from 9th to 14th day in the second experi
men t. 

Statistical AnaJysis 
Dunca따 multiple range test (SAS Institute, Inc., 

1991) was used to determine significant difference 
of tomato color 없nong treatments during storage 
days after light irradiation. 
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Results and Discussion 

With using tomatoes at maturity state of the brea
kers as the first experimental materials, the results 
of experiment which investigates light irradiation ef
fects on color development were presented in Figs. 
4 and 5. Fig. 4 shows that the red color develop
mεnt of tomatoes treated by R and FR and kεpt in 
darkness was continuously increased everyday dur
ing the period of storage aftεr light treatment. 

However, the color score of tomatoes treated by R 
irradiation was significantly higher than that of to
matoes treated by FR irradiation and kept in dark
ness from 6th to 9th day of storage. For tomatoεs 
treated by FR irradiation and held in darkness, red 
color development was not significantly different 
during the period of storage from 6 to 9 days. To
matoes trεated by R irradiation was reached to ma
turity state of “Light Red" at 7th day of storage 
after Iight treatment. However, tomatoes trεated by 
FR irradiation did not reached to maturity state of 

Light Red" until 9 days of storagε after light 
treatment. Thus, it is confumed that the red color 
development of tomatoes was stimulated by R Îr
radiation and delayed by FR irradiation. 

Fig. 5 presents that the color scores of tomatoes 
treated by FR!R and R/FR and kept in darkness 
werε compared during the storage period from 6 

7 
1_c:J_ R 륨 Control 정 FR 

6 

5 

Q응‘~3 

2 

0 
6 7 

to 9 days. π1e color score of tomatoes treated by 
FR!R was significantly higher than that of toma
toes treated by R/FR and held in the dark. How
ever, the color scores of tomatoes treated by R/FR 
and kept in the dark were not significantly differ
ent. π1is results suggest that inhibitory effect on 
color development by FR irradiation was reversed 
by R irradiation, and stimulating effect on color de
velopment by R irradiation was also reversed by 
FR irradiation. Thus, it is suggested that color de
velopment of tomatoes is meditated by phytoch-
romε. 

까1e rεsults of the second εxperiment which ex
amine li방1t irradiation effects on color development 
with using mature-green tomato않 werε presented 
in Fig. 6 and Fig. 7. Fig. 6 presents that the red 
color development of tomatoes treated by R and 
FR and kept in darkness was continuously increas
ed everyday during the pe끼od of storage after light 
treatment. However, the color score of tomatoes 
treated by R was signifi('.antly higher than that of to
matoes treated by FR i1Tadiation and kept in dark
ness from 9th to 14th day of storage. Moreover, 
the color score of tomatoes trεated by FR was sig
nificantly lower than that of tomatoes kept in dark‘ 

ness during the period of storage from 9 to 14 days. 
π1ese results suggest that the color developmεnt of 
tomatoes is wε1I rεgulated when tomatoe‘ at ma-

a 

8 9 
Days 

Fig. 4. Mean color scores of tomatoes irradiated with 1뱅bt (R, FR) and stored in darkness witb using “ Breakers" to
matoes as expe꺼mental lÒaterials. Bars witbin a group not labeled witb tbe 잃me letter are significantly different at 
5% level. 
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땐. 5. Mean color scores or tomatoes irradiated with light (FRIR, R/FR) and stored in darkness 떼야1 using 
‘ Breakers" tomatoes as experimental materials. Bars within a group not Iabeled with the same leHer are sigJ빼Ica톨.tly 
different at 5% level. 
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Fig. 6. Mean color scores or tomatoes irradiated with ligbt (R, FR) 뻐d stored in darkness wi뻐 us피g “ Green" to
maμ>es as experimental mate끼als. Bars within a group not la빠ed with 뻐.e same leHer are s빼~liflcandy different at 
5% level. 

turity state of mature-green are treated with lìght. 

Tomatoes treated by R irradiation was reached to 
maturity stage of light red after 12th day of storage 
after li뱅t treatment. However, tomatoes treated by 
FR irradiation did not reached to maturity stage of 
li밍11 red until 14 days of storage after li뺑t treat
ment. 

Fig. 7 shows that color scores of tomatoes treat
ed by FR/R and RIFR and kept in darkness were 

compared from 9th to 14th day of storage after 
light treatment. The color score of tomatoes treat
ed by FRIR was significantly higher than that of 
tomatoes treated by RlFR and held in the dark. 
Also, the color scores of tomatoes treated by RlFR 
was signi죄cantly lower than that of tomatoes kept 
in the dark. πlÎs res비ts suggest that inhibitory ef
fect on color development by FR irradiation was 
reversed by R irradiation, and stimulating effect on 
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Fig. 7. Mean color sco없 of tomatoes irradiated witb Iigbt (FRIR, R/FR) and stored in darkness witb 뼈ng “Green" 
tomatoes as experime마al materials. BaJ영 witbin a group not labeled witb the same letler are si맹jftcantly different at 
5% level. 

color development by R irradiation was also rev
ersed by FR irradiation. Thus, it was confirrned 
that color development of tomatoes was meditated 
by phytochrome. Regulatory effect by phytochrome 
on the color development of tomato was great, 
whεn mature-green tomatoes were usεd as experi
mental materials. 

Conclusions 

This study was perforrnεd to investigatε the 
light effects on the development of tomato color 
and wether the phenomenon of the reversal of R 
effect by FR irradiation and FR effect by R ir
radiation on color dεvelopment of tomato is pos
sible. Also, it was investigated that which stage of 
maturity is well affected by light treatment on thε 
color development of tomatoes. πle maturity stagεs 
of tomatoes used in thε experiment were 'Turning 
and "Green" ηle group of tomatoes was exposed 
to red light (R), far-red light (FR), FR followed im
mediately by R (FR!R), and R followed imme
diately by FR treatment (RIFR). From this study, 
the following conclusions were reached: 

1. When tomatoes at maturity statε of breaker 
were 뼈ed as experimental materia1s, the color score 
of tomatoes treated by R irradiation was signifi
cantly higher than that of tomatoεs treated by FR 

irradiation and kept in darknεss from 6th to 9th 
day of storage. For tomatoes treated by FR irra
diation and held in darkness, red color develop
ment was not significantly different during thε per
iod of storage from 6 to 9 days after light treat
ment. The color score of tomatoes treated by FR!R 
was significantly higher than that of tomatoes treat
ed by RlFR and held in the dark. 

2. When tomatoes at maturity state of mature
green were used as experimental materials, the color 
score of tomatoes treated by R was significantly 
higher than that of tomatoes treated by FR ir
radiation and kept in darkness from 9th to 14th 
day of storage. The color score of tomatoes treated 
by FR!R was significantly higher than that of to
matoes treated by RlFR and held in the dark. Also, 

the color scores of tomatoes treated by RIFR was 
significantly lowεr than that of tomatoes kept in 
the dark. 

3. The phenomenon of thε reversal of R effect 
by FR irradiation and FR effect by R irradiation 
on color development of tomato was observed. It 

was concluded that the red color development of 
tomatoes was mediated by phytochrome. 

4. 까le red color development of tomatoes was 
well regulated by light treatment, when tomatoes at 
maturity stage of mature-green were used as experi
mental materials. 
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