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Abstract

The terrestrial UV flux rapidly increased in late spring, as measured by the chemical actino-

metry at two elevations (near sea level and 1,100 m above sea level) on Jeju Island. More

intense UV fluxes were observed at higher altitudes. Any harmful effects of solar UV-B on the

growth of soybean were not detected in UV-B-exclusion experiment. To ascertain the effect

of UV radiation on vegetative growth, intact (mol wt 124000) and large (~120000) phyto-

chromes were irradiated with UV-B radiation. In'intact phytochrome, the Pfr form accounts

for 0% of the total phytochrome under stationary state conditions, whereas it accounts for 50

% in large phytochrome. Calculated quantum yields for the forward and the backward photo-

transformations of phytochrome by UV were ¢r=0.016 and ¢fr=0.010 in intact phytochrome,

and ¢r=¢fr=0.012 in large phytochrome, respectively.

Introduction

Jeju Island is located in the subtropical region
and consists largely of Mt. Halla (1950 m). There-
fore, most of vegetations in the island are assumed
to be exposed to the ultraviolet-abundant solar

radiation, due to low latitude and high altitude.

Ultraviolet radiation has long been known to affect

many important photobiochemical reactions (see

review by Caldwell®® and Silberglied®’). The growth
of higher plants has been reported to be accelerated
or inhibited by UV, depending upon its amounts,
Since germicidal lamps which emit much of UV-C
were used as UV source by earlier workers, howe-
ver, those experimental results gave little informa-
tion on the effect of the solar UV on the field
vegetations®,

In recent years, the possible depletion of the

stratospheric ozone layer due to the impact of te-
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Fig. 1. Optical transmittance of ‘Corning 7-54
UV filter
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Fig. 2. Optical transmittance of Mylar (Type
“D") film and polyethylene film(“Polyfilm”;
0. 1 mm)
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chnoculture on the steady state composition of at-
mosphere has been reported 5%, The reduced ozone
layer would increase the influx of the solar UV-B to
the earth. Therefore, the possible responses of plan-
ts to the elevated UV-B radiation have motivated

several recent studies:7/®,
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Techniques for simulating changes in UV-B under
natural ambient conditions are limited at present;
however, they might best be achieved in a low-la-
titude, mininal cloud cover, multiuser facility, whi-
ch would provide UV-B radiation corresponding to
reduced ozone concentrations at more northern lati-
tudes®,

Most of non-damaging UV-B effects on plant mor-
phogenesis have been shown to be controlled by
phytochrome, the ubiquitous photoreceptor for red
light-mediated photomorphogenesis in plants (see
recent review by Wellman®),

In these studies, an attempt was made to measure
the terrestrial solar UV flux density on Jeju Island
by the method of chemical actinometry. The growth
responses of soybean to the exclusion of the solar
UV-B were also examined, and the phototransfor-
mation of phytochrome induced by UV-B was inve-
stigated in order to ascertain the possible correla-
tion between the vegetative growth and the phyto-
chrome involvement under an UV radiation-rich en-

vironment.

Materials and Methods

1. Measurement of the terrestrial solar UV
flux density

Solar UV flux under the cloudless conditions was
repeatedly measured by potassium ferrioxalate acti-
nometry method® at two locations of different
altitudes; (1) near sea level in Jeju City, and (2)
1,100 m above sea level on Mt. Halla. A 0.006 M K,
Fe(C,04); solution in quartz tube was exposed at
noon to the sun light filtered by Corning 7-54¢ UV
filter, whose transmittance is shown in Fig. 1. Iis
slight transmission of long wave region beyond 650
nm was considered not to affect UV measurement
because the actinic solution is insensitive to this
region of light®?, The time of exposure was same
at the two locations, and the quartz tube containing
the actinic solution was aligned to be perpendicular
to the solar beam axis.

Number of Fett ions produced in the exposed
solution was analyzed by using Spectronic 20 spe-
ctrophotometer, and the number of UV photons was

calculated by the use of quantum yield values re- .
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commended by Lee and Seliger{®,

2. UV-B exclusion experiment

To examine the effect of the solar UV-B radiati-
on on the vegetations in Jeju Island, the growth of
soybean was investigated under the condition of
UV-B exclusion from sun light.

Soybean (Glycine max L.) plants were grown in
the field conditions. When the height of soybean
seedling was about 30 cm, or one month after so-
wing on June 27, different UV transmittance films
were used to cover the plants. Polyethylene films
(both 0.1 and 0.0l mm) transmitted more than 60%
of UV-B band, while Mylar film{(.007 Type “D”,

DuPont) cut all UV-B radiation at 315 nm (Fig. 2).

Due to the possible photochemical degradation®, a
Mylar film was replaced every five or seven clou-
dless days. No substantial change in transmittance
during the treatment was observed.

After 100 days of treatment, several vegetative
and reproductive characters of soybean were inves-
tigated in accordance with the “Standards for the
Measurements of Crop Growth” of the Office of

Rural Development, Republic of Korea.

3. UV-B-induced phototransformation of phy-
tochrome

Phytochrome was isolated from 5-day-old etiola-
ted oat seedlings (Avena sativa L. cv. Garry).
Large mol wt phytochrome(~120000) was purified
by Affi-Gel Blue chromatography''®, and intact phy-
tochrome (124000) by the method of Vierstra and
Quail 15,

Final preparations of the large mol wt phytoch-
rome for UV-induced phototransformation study
included 0.1 M phosphate buffer, pH 7.8 at 4°C, con-
taining 50 mM KCl and 0.1 mM EDTA-Na,, while in-
tact phytochrome 0.1 M potassium phosphate buffer,
pH 7.8 at 4°C, including 1.4mM ME and 1mM
EDTA-Na,.

A 250 W medium pressure mercury lamp was
used as the actinic light source, and a 285 nm band
pass interference filter (half band width 19 nm) was
used to isolate UV-B band from the light source.
The incident UV-B intensity was measured by po-

tassium ferrioxalate method 1112, Actinometric so-
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Table 1. Comparision of the solar ultraviolet
radiation intensities® between two different
altitudes in Jeju Island

Altitude Sea level 1,100 m Difference

UV intensity

(mol-m~%.s71X 107%) 7.92

8.63 0. 71ns*’

“Figures are average of 11 measurements under
cloudless conditions at noon in three seasons.
»Result of paired t-test, at 5% level.

~
e

o
b
<10
W
L
€
50r
E i
]
‘31 ! \,{/
< v
- a '
x ~ yAY
24 VN
= |
S ¢
5z
Q1
v
L
Clazaznzssxs 57 g
April May June July August  Sept.

Date of observation

Fig. 3. Seasonal variations in the terrestrial
solar UV flux density at two different alti-
tudes in Jeju Island
UV radiation penetrated into quartz tube covered
with Corning 7-54 UV filter perpendicular to sun
light was measured by potassium ferrioxalate me-
thod. C——C : at near sea level, X——X : at
1,100 m above sea level.

lution was irradiated in the same manner as for
the phototransformation of phytochrome. The value
of the actinic light intensity for the calculation of
quantum yield was corrected for the absorption of
light by the sample as described by Pratt and
Buttler e,

The phototransformation of phytochrome by UV
was followed by the use of a Cary 118C spectrop-
hotometer. Changes in absorbance at 666 nm and 723
(large phytochrome) or 730 nm (intact) were directly
read on the spectrophotometer (for large), or on
the absorption spectra scanned from 800 to 550 nm
(for intact). The total sample absorbance was al-
ways less than 0.15 at the actinic wavelength.

To establish the photostationary equilibrium, the
Pr and Pfr forms of phytochrome were irradiated

until the both initial forms showed similar spectra.
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Table 2. Vegetative growth of soybean in the open and under UV-B radiation transmitting (0.1
and 0.01 mm polyethylene) and excluding (Mylar) films

Filter treatment Fresh Plant Stem No. of No. of No. of
weight height circumfer- primary secondary nodes per
(g/plant) (cm) ence(mm) branches branches plant
Open (no film) 24.2 74.4 7.2 6. 6b» 6.8 17.8
Polyethylene (0.1 mm) 32.8 86. 2 7.6 8.2a 7.8 19.0
Polyethylene (0.01 mm) 30.6 97.1 6.8 4. 4¢ 7.4 17.6
Mylar 18.4 83.0 7.4 4. 6¢ 7.4 17.0

“Mean seperation within columns by DMR, 5%

within columns.

level. Figures without following letters are insignificant

Table 3. Reproductive growth of soybean in the open and under UV-B radiatlon transmitting (0.1
and 0.01 mm polyethylene) and excluding(Mylar) films

Filter No. of Length Fresh Dry Dry
treatment pods. of pod grain wt grain wt grain wt
per plant (cm/pod) (mg/ grain) (mg/grain) (g/plant)
Open (no film) 50. 4b7 3.3 93 81 4. 4b”
Polyethylene (0. 1mm) 62. 6a 3.5 133 118 7.0a
Polyethylene (0.01 mm) 43.0b 3.6 115 93 3. 2¢
Mylar 25. 2¢ 3.4 127 112 3. 1c
2See Table 2.
100 i " i ' ’ i
0.08 80.\'\—~« UV on P ( RL saturated)
- \)"\‘° _____________________________
60 N e e
004 N . 7-5—;——————
[ ° x—-—/“——_’——x
o &40 / —
< = ./
8 000 T
5 " UVon Pr
2 20r
< _ /}/
o.oar g 0% 3 0 i 20 75 0
Irradiation time ( sec. =100}
Fig. 5. Time courses of UV-B-induced phototr-
0.04 | ] ansformation of phytochrome
5 1 O——0 for intact phytochrome, X——X for
000k large phytochrome, and upper broken line for

1
500 600
Wavelength {nm)

300 400

1
700

"800

Fig. 4. Absorption spectra of intact and large

phytochrome

Intact phytochrome was dissolved in 0.1 M
potassium phosphate buffer, pH 7.8 at 4°C
containing 1.4mM EDTA-Na,, while large phy-
tochrome in 0.1 M sodium phosphate buffer, pH
7.8 at 4°C containing 50 mM KCl! and 0.1 mM
EDTA-Na,. Solid lines for Pr and broken lines

for Pfr(red-light saturated).

dark reversion of large Pfr. The incident inten-

sity of actinic light was 2.13X107%mol.-m=2-s71,
Calculation of 2%Pfr was based on 812 Pfr under
red light saturated conditions for large phytochro-
me (see review by Song'™) and 86% for intact
phytochrome®®, Loss in absorbance of phytochrome
during UV irradiation was compensated for as follo
ws: If there is no loss in absorbance,

AAGGS

Absorbance= Asss,g+A730, ¢ X A
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would be constant, where Agg,: and Aqy. are
absorbances at 666 and 730 nm after irradiation of
t seconds, respectively, and J4Ags and dAq are
changes in absorbance at two wavelengths during
phytotransformation by red and far-red light. eges,-
=1.21X10%mol"lcm~11® for intact phytochrome,
and eg7,,=1.2X 105" were used to estimate the
extinction coefficient of phytochrome at 285 nm. Rate
constants and quantum yields were calculated by
the use of the equations derived by Buttler et al.*®,

using the initial transformation rates.

Results and Discussion

Fig. 3 shows the seasonal variations in the solar
UV flux density measured at two different elevations
on Jeju Island. The UV flux increased rapidly in
late spring at both altitudes and the intensity in
summer was more than double that in spring. Even
though the difference was not statistically significant
at 5% level (Table 1), more intense UV flux was
observed at higher elevation (9% higher at 1,100 m
elevation than near sea level).

Since these values (Fig. 3 and Table 1) are the
results measured by the actinic solution in quartz
tube covered by UV filter, the actual incident UV
flux density should be corrected for the reciprocal
factor of the transmittance of quartz and the filter,

These results obtained here by the chemical acti-
nometry can not be compared with those of others
(for example, Bird et «f.*® and Green et al.®?),
who used sophisticated radiometric methods in order
to determine the precise spectral intensities. These
preliminary results, however, could be considered
to show the possibility of using the simple method
of chemical actinometry as an economical tool for
monitoring the seasonal or annual variations in the
terrestrial solar UV flux density.

Vegetative and reproductive growth data for soy-
bean under several different UV transmittance film-
s are presented in Tables 2 and 3. No statistically
significant differences were recognized among trea-
tments in various vegetative characters, except for
fewer primary branches under UV-B exclusion(Table
2). There was no treatment effect on the develop-

ment of pod and bean seed, while the number of
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Fig. 6. Semilog plot of the proportion of phy-
tochrome transformed vs. time of irradia-
tion with UV-B light
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pods and the resulting dry weight of bean seed per
plant were decreased by UV-B excluding Mylar film
treatment (Table 3).

Enhanced UV-B radiation has been used in various
plants, resulting in damages to photosynthetic sys-
tem®®, depressing net photosynthesis and growth4®
and affecting leaf development®*?%, especially un-
der low visible light conditions. Broad-leaved spe-
cies with C; type of carbon assimilation were repor-
ted to be more susceptible to UV-B alterations of
morphological and biochemical characteristics than
the narrow-leaved species with C, type photosyn-
thesis®®, Teramura et al.® observed adverse effect
of UV-B on net photosynthesis of soybean at low
photosynthetically active radiation levels but it had
little consequence at light levels that normally sa-
turate photosynthesis in the field. No significant di-
fferences in the growth of several plants among the
treatments of different UV-transmitting films were
observed at a 3, 000 m elevation, only exception being
longer wheat stems under UV-B excluding film than
under UV-B radiation®?,

During the present experiments, the frame and test
plants had to be rehabilitated after the devastation
by a typhoon (Sept. 25~28, 1983) which, in addi-
tion to the excessive rain during the flowering sea-
son, compromised the precision of UV-B exclusion
effect. No evidence for a signfiicant harmful effect
of the solar UV-B on soybean growth was detected

in this experiment. In order to draw conclusion on
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the solar UV-B effects on the vegetations in Jeju
Island, however, more plants should be tested.

The absorption spectra of purified phytochromes
scanned by Cary 118C spectrophotometer are shown
in Fig. 4. Difference between the spectra of two
phytochromes was noticed in the absorption band by
the chromophore of Pfr forms (650~800nm).

Fig. 5. indicates the time courses of the photot-
ransformation of phytochrome during irradiation
with UV-B (flux density 2.13X107% mol-m™2.s71).

Table 4. Photostationary state and quantum
yields for UV-B-induced phototransformati-
on> of phytochrome

Items Intact phytochrome Large phytochrome
% Pfr, oo 60 50

ér 0.016 0.012

ofr 0.010 0.012
gr/¢fr 1.5 1.0

®Medium pressure mercury lamp of 250W was used
as actinic light source, and UV-B band was

isolated through the interference filter (CW 285

nm, and HBW 19 nm). The incident intensity was

2.13X107°mol-m~2.57%,

In intact phytochrome, the Pfr form accounted
for 609 of the total phytochrome under stationary
state conditions, while it accounted for 50% in
large phytochrome.

Pratt and Buttler'!®> observed 60% Pfr under
stationary state at 280 nm UV light in small (60, 000
mol wt) phytochrome.

Intact phytochrome showed almost identical
rate constants for both forward and reverse photo-
transformations, while large phytochrome showed a
marked difference (Fig. 6). The difference observed
might be due to dark reversion of large Pfr during
UV irradiation (see upper broken line in Fig. 5).
Thus, the Pr—Pfr rate was used for the calculation
of quantum yields.

Table 4 summarizes the results of UV-B-induced
Lower 9%Pfr
under stationary state in large phytochrome than

phototransformation of phytochrome.

intact phytochrome could be explained with increa-
sed ¢fr and decreased ¢r. It is yet to be further
explored whether the observed difference in quan-

tum yields between the two phytochrome prepara-

B 553 A

A 34 A 1E (1984)

tions are due to the difference in the efficiency of
energy transfer from the UV-B absorbing amino
acids (tryptophane in particular) to the phytochro-
me chromophore, or due to dark reversion of large
Pfr. Qur results, however, suggest that intact
phytochrome favors a higher Pfr level possibly due
to a preferential energy transfer from arcmatic ami-
no acid residue to the Pr chromophore.

The fact that UV-B itself transforms Pr to Pfr
up to 60%, should be considered in explaining the
UV-B-induced morphogenesis(for example, flavonoid
synthesis in parsley ®®), which is controlled by the

red or far-red light after UV-B irradiation.

Conclusion

Using the chemical actinometry method, it was
found that the UV-B radiation increases with the
altitude of Mt. Halla, Jeju. However, no significant
UV damages were observed with soybean plants.
UV-B radiation is effective in establishing photostati-
onary equilibrium between the Pr and Pfr forms of
phytochrome, suggesting that UV-B radiation acti-
vates/maintains phytochrome-mediated morphogeni-
¢ and developmental processes to underscore the lack
of significant UV-B damages to soybean plants on
Mt. Halla, Jeju.
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