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Summary

Cattleya (Sophrolaeliocattleya Estella Jewel ‘Kazumura’) and Cymbidium (Cymbidium Sazanami
‘Harunoumi’) orchids were grown under strong and weak solar UV radiation for 80 days from August
1 to test the effects of radiation on foliar pigment contents and antioxidative enzyme activities in two-
year-old leaves. Foliar chlorophyll and carotenoid contents in both Cattleya and Cymbidium leaves
grown under strong UV radia{ﬁon were lower than those under weak UV radiation. Flavonoid content
in Cattleya leaves grown under strong UV radiation was also lower than that under weak UV radiation,
but that in Cymbidium leaves grown under strong and weak UV radiation was the reverse. Activities of
ascorbate peroxidase after 10 days and catalase from 20 to 40 days in Cartleya leaves exposed to
strong UV radiation were higher than those grown under weak radiation. In contrast, activities of
superoxide dismutase and catalase after 20 days in Cymbidium leaves grown under strong UV radiation
were lower than those of leaves exposed to weak radiation. Thus, our results revealed that the intensity
of UV radiation differently affected the leaves of antioxidative substances and enzymes activities of
the two orchid species.
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UVISHd 2T MR TR0, —iRiIC CyA!
KA BHE KN & 45 (Baumbusch &, 1998; Krupa
- Kickert, 1989; B Py, 1997, Teramura, 1983).
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1. UV RERE

BUEBAE VB UVER T « VLA (BBERE, X7
4 8FFE, EX0075mm, ¥—TA4LK) B LT UV
£74 VL (EEYE, UVAay b, E&0075mm, ¥ —
TAE)ERNTEBLOLORL I Y X (E2.5 X
EX6XEH&x18m, WEREO60cm)®*>2{H, zhEh
MUVRBLUB UV E L. EREBKROBEREOD
FFT ORI UVIBEREF € =4 (SY-103 SEIYU RI-
KEN, %€ E&iFH 260~400 nm, FARERE 375 nm)
12 & - THRIE L7 UVIESTIRE IR UVX 243 mW - cm
"2 BUVK0.15mW-cm™2Tdh v, WHtoELRIT
HMEXE S 18% TH - 7o, AERITIE, RS IEIET
Skt 3EMEAIC Ucig, UVESRT 4 VL L BEES
WTHENEE S0%BIZ LTS5 RF v 7T AN (FKERBR
IERTORER H 4T 9BFICHIE L 7c UVEREL 1.80 mW -
cm™%) T 24ERIE T 72 SophrolaelioCattleya Estella Jew-
" el ‘Kazumura’(LL'F Cattleya &9 % ) ¥ & U Cymbidium
Sazanami ‘Harunoumi’( 2\ Cymbidium &4 % ) = f3
L7z, 8A 1 HIZKAMEXICHEMET L Zh 15§k % i
AL, 10H 208 T 80 QOB %1T » 7. NEFE
B, MuFE 10, 208 Ex L2 0% 20 HE I L ICEHE
PIFED 48Kz DT, 2EHDIER Cattleya TIZEHHD
1#¢, Cymbidium Tl38k2i7- 9 2R L, I HE
LT, 2gFOFRL, BEERTHELT-20Ciclr
L. BEEREHCOVCTERRSES JUBREEEN
SEUZ. MEF20HME I &OTFERERHNER & i
274, 264, 232, 183°CTdh »1:.
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LT 80% T b THIE AR VR L, TR 663
& 645 nm OEJEE A #IE LT Arnon (1949) o R & 9
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oo 7 4 VRGO BEFEMBKICD T F VI —-TILbEK
AMACHRERER LML L, ok, ZE% v
FNL—-FNVTEML, GREEI o< b5 T7 40— (L
-6200K > 7, HIL;L-4200 UV-VISkHi2:, HIL)IC
LOEE L. #5413 Kaseisorb LC ODS-120-5(i.d.
4.6mm x 250 mm, 25°C), BHHOFERLFI T
F= FUIN X F ) =)V 0~20 43T 5:10:85, 20~25
5 T 20:60:20, 25~27 4 T 100:0:0, 27~30 43 T
50:10:40, 30~354} 5:10:85, #iE 0.7 ml- min~!, #&H
B2 450 nm, FEAREEIZSO0ul&Lik. B-HoF
Y(FHFATRY, RE)EEELLTELSFH U F
v, TUFSFYUFY, MFA Y, ETFEHUFUB
LU B-HaFUoEEGDIIOT /A FOEGRERD.
TSR A REEIIES80% 1.5 ) — )V THER, A6
U, BEBHEE Gl —7)WCX > TIRAEWE % SE
BOBLIROGE, =5/ —VTEER VFL (FH5
AF Ry, FHE) AR S LT AIC 3 (i, 1967) 12
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(CAT) ot ¥ & EME O BIE 13 BEFR (2= - #23, 2001)
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Cattleya T3, 7on7 4 VERIRFH UVX TLHE
10~40 Bz hvir TEik¥EMmM L, 40H HEBIZE UVX &
DEWMEAT LR (B1K). BUVKOHoF /4 FE
RIZAE 10~40 HiZh I THEIL7coicx L, M UVEX
TIZAEE 10 BT —BFIC B L e s, T %L,
WA H BB UVR X O IERVEERL. 75K
JA FPEREEELEX S HNB IO RIS L. 55
UVIX Tt 20 BRI LR IR o G &icBE L, 608 H
FTHUVRELOGWEZER L.

Cymbidium TiZ, 7 0o 7 4 VEBIHOUEKX & b

05 T 15
&
?04- ?60- B2t
oo - b "sp
§ou;g4FZ§:::::g §45k§2k¢2333::3 ?a9%
o2t _ g 30 FQ 2 06
24 g =}
2 £ g
Bo1} 215 | 5 03
3) S &=
0 X 0 2 L -- 1 L i I - | 0 i 1 l. J 0 ‘O L L I [
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80

Days of treatment

. Days of treatment

Days of treatment

Fig. 1. .Chlorophyll, carotenoid and flavonoid contents in Cattleya leaves grown under strong ( @ ) and weak

(O ) UV radiation. Vertical bars indicate SE (n=4).
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Fig. 2. Chlorophyll, carotenoid and flavonoid contents in Cymbidium leaves grown under strong (&l ) and weak

(1) UV radiation. Vertical bars indicate SE (n=4).
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Fig. 3. Activities of superoxide dismutase (SOD), ascorbate peroxidase (APX) and catalase (CAT) in Cattleya
leaves grown under strong (@ ) and weak (O ) UV radiation. Vertical bars indicate SE (n=4).
600 r -~ 30 ~ D
o~ 's p
£ 480 g 25 g 4p
Teo £ 20 =
& 360 b ? = 3
= & ‘o0 15 S "o
2240 + 3 5 2
a .8 10 g
o = g
$120 < 5} n L
% e
0 A 1 A 4 & 1 4 J 5 0 L 1 A ' n J 0 i A 3 1 A 1 A ]
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Days of treatment Days of treatment Days of treatment
Fig. 4. Activities of superoxide dismutase (SOD), ascorbate peroxidase (APX) and catalase (CAT) in Cymbidium
leaves grown under strong (B ) and weak ([[] ) UV radiation. Vertical bars indicate SE (n=4).
DU, BMUVIXOEDIEFF UV IO BEEE D, 0 7o, CATIEHEWAUEX T ER U/, 3MUVX TS

20 HEHLBIZHM UV KO FIMEETHERE L (B2
). ha7 /4 FERBEAEX S b OBEBRRE R I8
ML 72hs, B UVIXTIZEE UV K & o B 20 B
B L, £0#%IE55 UVREOEMEER LK. 75K
A FEEEHABEKE SO 108%ICED L, 205,
5 UVIXTIE 40 Hi%E Tl LY, UV L DK
ETHERE L /.
2. MBRILBREE~~OEE

Cattleya T3, SODEMIZIIHUBXE TENS SN
3, APXJEMITE UVIX T UVIX L O ESUETHER L

UVR &) ERFGENEC, SOETHER T2 EE7S S
hic (883K).

Cymbidium i, B UVK® SOD & L O CAT/E%I%’Q
VEE 20 H B LR, 55 UV IRKICH R TERWETHES L,
APX{EM iR UV R TIRWVELR R TR A St (5
41).
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DERIX N (EE, 2000), ROTINSNEFEHOD
Haber- Weiss &5 % 7 13 Fenton i & » TRIGHED & 0
H 1 EESE (10,) Pt Ka®y b5 VAL (-OH)o
EWEREEICEIALT B EEZL S50 5 (VK 1988; Yama-
zaki « Piette, ' 1990). &EEB T, FF UV & HNTHE
UVRoz7an74EhaT /A FERY Cattleya T
IR 40B B, Cymbidium THLEE 20 A B 5 5 40 80
HEOERKR THE TROETHER L. ThookR
Mo, MiEYREE b 7o Ty IbERnT /4 K& UV
Wk D UIERRRICL » TSIt LB SN 5.
noF /A4 RNEzoa 7 4 VIGEELMEICESEL, 3
BIERE 7 oo 7 4L CCh*) 10, 2 EbicilRL, &
BRbEEEP CoDICARAIRE O L EIN B (KH,
2000; Siefermann-Harms, 1987). ZASEERIZ 35U THLE
Biiat%, Cattleya %% UV X & Cymbidium O QUIRX T
AT ) A REES—EMICHEMLLI &, B
50% D~ ZR D SENER 18% DU IZFE U 12 EIREE
DREEIC L 5 RBLESEHT 5 H0HRETH L &
HHINB. :

73R4 FaREMEFICECEEh, BEHEREY
fEE> D NVEBET A NBAMERAZEZEL (SE,
1988), I A L UVEEEICH H, UVERBREU
T % UVEE» oi# L T3 L34 50, UVl
BZOGELHEEND B ENEHIATHL S (FKH,
2000; Heldt, 2000; 884, 1994; Trocine &, 1981).
iz, 758K A4 FOESGENUVICL - TIREENS Z
EREIh TS (EE, 1980, Logemann 5,
2000). KEEBTE, 75K /4 NEERZTEYEL L
110 B Uk, Cattleya Tidsa UV X355 UV
RiZHRTIEWEER U7eh, Cymbidium 58 UVXT
FAE 20 EUBSBI UVR L O bEWMEZR L. 20D
&SN EBELOMEYEIC L BEN, BUVISHT 54
KB E LTD 7 5K 4 FOREDHEYETIE
B 5TWBIERRBELTHS.

L0713 SODIz & W A #fbI T H0, &72 0, Hy0513
CAPX ® CATIC & b H,O~EERLSh 5. HEHEESE
MELHEOLVO UVICEIS LTk L, UV~
REE L, EERELENET S SOD, APX % LU CAT
75 & DOEMALP A RIEENR Z 5 (FH, 2000; Baum-
busch &, 1998; Fi%, 1991). oD & EARFERT
B otz Cattleyad APX, CATEMDSE UV TH UV
K& bEho-iERisabe TEET 5L, CAMIEY
T®H 5 Cattleya T3, ZhoDRBLEROEUVIZL
BIEMALPARIEENER 0, UVITXT 2 HERICHF
BELTWAEEZSNE. —F, Citi#yD Cymbidium T
i3, BMUVX® SOD, CATEMIZNE 200 BLIKE, 55
UVEK & 0EVMETHER L7 2 Eds, Th o bE
FEHEFEUVICL > THHI SR T I ENTRIN
3.

DbokSic, B2 UVEHIKR I 2BRER LR
{EREREHOEL) 5, TREWED UVISHd 2 R L
BEDISEMNRI B ENHSAER Y, Cattleya 131
BALEES DS, Cymbidium 37 5K/ A4 N0 EBIICES
TEIEMNTEENL. L L, mEYED UV Z
N o OMBRIEREDICEUEN EOBEFE LT i h %
B S g Bicid,  UVEGHBEIC & 3 AR
WETH 5.

7, MEMEOMBIUME S E L BILBRER%E
W4 5 &, Cymbidium (3£ HPRIZ 72 » T Cattleya &
DEWEETRL, 2 -3 (2001) % £ 0ZE S (2001, b)
ORERE—FH Uk, ERERIAEBET COEEREE
FHL, EOHABRNORADEEREREFRTH S (B
Bf i, 1999)7:%, Cattleyak v 7 oo 7 4 VEEMN
2UERREE W Cymbidium (55 1, 2K ) DFF N EVERRFR D FE
HEBRSZWEEZLZSNDS. X5, Cymbidium Tid
Cattleya & 150 CO, Y ¥4 7 VEREEA RIS Tc®,
BREEBTHVERELPT VI &, BLU Cattleya £ 9
EEMOFREREMEL, UVPtic L 2EELZY
RN ED S, EUBFEERED Cattleya LD B &
ZZohd. IHhoDERBREANOHIEEELT &b
NIVOHBILHE S B S L CMBMILBERFESEAE LT
5 EMHEREINS. : '

m E

Cattleya (SophrolaelioCattleya Estella Jewel ‘Kazu-
mura’) & Cymbidium (Cymbidium Sazanami ‘Haruno-
umi’) % UVEBHORL 2 2BHEOE =~V 7 1 L AH
AT(EUVRS LU UV )T 88 1HA & 80 HREH
BL, 2REAEOBRRITED L OTIRILBEREEOZRLIC
RiFTRENRD UVRSREORZELMRET L. EFo
saoa7qaEAnT ) A FERIE, Cattleya TIINE
40H BB, Cymbidium <30 20 8 B, 58 UVIX
KEWTH UV L OEWETHEB L. 75K/ 4K
GBIL, Cattleya TIZMIE20HEHUK, MUV L DT
UV R CEWEICH - 7283, Cymbidium T3 0E
20 BLI, MUVEROANEWEER LT, Cattleya
THHUVRIZHEXTEUVRO T RNV EVBRRIVE
vy —¥ (APX)EHIAE I0HBUR, 45 5—-+F
(CAT) /& 1L LFE 20~40 B2 A TRV ETHR L.
—7, Cymbidium TIZA—/X—FF Y FVRXLF—EE
F U CATEMHIZFH UV L 05 UV X T/ 20 H HU
BAEVETHER U, APXiEM @ UVR TERWMEZRYT
Ernsoni:. LEoERLD, MUVEHIBRETE
B LU LBERERC R THEIHEE TR Y,
UV ISR 12004 2 FHEATE O TR LERRE O IRE R D&
WhRE I hc.

NI | -El ectronic Library Service



Japanese Society for Horticultural Science (JSHS)

450 i

51 A X

Arnon, D. 1. 1949. Copper enzymes in isolated chloroplasts.

Polyphenoloxidase in Beta vulgaris. Plant Physiol. 24: 1
15.

Asada, K. 1999. The water-water cycle in chloroplasts:
Scavenging of active oxygens and dissipation of excess
photons. Ann. Rev. Plant Physiol. Plant Mol. Biol. 50:
601-639.

EOEZ. 2000, AEPHOEISEREIELEOOD. p.
36-50. WABIEL - v KBLF#R. + U — X - Jeh¥R<

HaRE . BB 4% B OEE Lz o 37
HAREE. BOR.

Avadhani, P. N., C. J. Goh, A. N. Rao and J. Arditti. 1982.
Carbon fixation in orchids. In: J. Arditti (ed.). Orchid
biology-reviews and perspectives, II. p. 173-193.
Cornell Univ. Press, Ithaca. New York.

Azevedo, R. A., R. M. Alas, R. J. Smith and P. J. Lea. 1998.
Response of antioxidant enzymes to transfer from
elevated carbon dioxide to air and ozone fumigation, in
the leaves and roots of wild-type and a catalase-
deficient mutant of barley. Physiol. Plant. 104: 280-
292.

Baumbusch, L. O., M. Eiblmeier, J.-P. Schnitzier, W.
Heller, H. Sandermann, Jr. and A. Polle. 1998. Inter-
active effects of ozone and UV - B radiation on antiox-
idants in spruce (Picea abies) and pine (Pinus sylvestris)
needles. Physiol. Plant. 104: 248-254.

Demmig, B., K. Winter, A. Kruger and F. C. Czygan. 1987.
Photoinhibition and zeaxanthin formation in intact
leaves. Plant Physiol. 84: 218-224.

Heldt, H. W. 2000. fE#4E1L% (&HHE_5R). p. 343-358.
YAl U H =T 2T 5 HE A

ot sEiG. 1986, A MU TH L L EY M AL p. 562-582.
FTERER - B IENR - /NEEZE - SORZAR. ez
O PEBE B

INFR— . 1988, TEMEERR O F & T 0 EBIESE. p. 26
-31 FE R ERHEET - AUIEER. SHRR—4Y
TOERK - HE « (EROSFHRE. . ER

Krupa, S. V. and R. N. Kickert. 1989. The greenhouse effect:
Impacts of ultraviolet-B (UV-B), carbon dioxide
(COy), and ozone (O3) on vegetation. Environ. Pollut.
61: 263-293.

ARG B 1994 A 2 LR UV-Bo#rFuiic. 1L

F L. 32:506-513.

#F - A EE— BB, 2001, (K/RALER N Cattleya &

Cymbidium ZEOVIBALEERIEIE I R4 . B3

70: 360 - 365.

= &Y -l Bow S8 2001a. 2 L zB
UERFIE I 53 B Cattleya & Cymbidium 3 O AL,

#

Baw - &S - IHE 8 - iiEEE

BREES L UBRGEOR(L. E¥H. 70: 372-379.

F Y-8 Fov-mHE-8 2001b. C;, Cib LU
CAMAEIZ 1) 2 BRRALKR & & & IR LBERIEHE O
=R E¥HE 70:747-752.

Logemann, E., A. Tavernaro., W. Schuiz, I. E. Somssich and
K. Hahlbrock. 2000. UV light selectively coinduces
supply pathways from primary metabolism and flavo-
noid secondary product formation in parsley. Proc. Natl.
Acad. Sci. USA. 97: 1903-1907.

BEPR— - BT 1999, MR R b L X EOEY 59T
¥t BOE R R 44: 2239-2245.

FHECE. 1967, YR EEORR - 75K 4 FBEE. p.
3-33. FHRECR AR - IEELER. ARoZEE
T OfLE. SeRER. R

PGS 1996, CAMEDRAROEHME. LIRHE. 34
97-104.

HA H. 1997 RN (UV-B)EMZBIEHOLR - INE
CREERITT (2). BELUE. 72: 685-690.
Powles, S. B. 1984. Photoinhibition of photosynthesis in-
duced by visible light. Ann. Rev. Plant Physiol. 35: 15-

44.

Salin, M. L. 1988. Toxic oxygen species and protective
systems of the chloroplast. Physiol. Plant. 72: 681~ 689.

e KECF. 20000 4 »BUHIE L RO KB%EME. p. 1
-16. WEIEN, fEx RECF#R. © VU — X - EdR &
MR A% EYOEE & £ oM. T
k. HE.

Siefermann-Harms, D. 1987. The light-harvesting and
protective functions of carotenoids in photosynthetic
membranes. Physiol. Plant. 69: 561-568.

EEERE. 1980. SRL¥ERISIC L A5 EERE. p. 373-378.
M FE=RE EMER BEE R

BEAWR. 1988, EHBFEOHE - ESTLEH - 75K
JA N, p.342-347. hEF fR-EREE - RUIEER.
EUBAE M TOLR - HE - (EA O T 3t
AR . B

Teramura, A. H. 1983. Effects of ultraviolet- B radiation on
the growth and yield of crop plants. Physiol. Plant. 58:
425-430.

FHEX. 1991 SR L 2L BARHEER. BRE
s B3R, 36: 1941-1945.

Trocine, R. P., J. D. Rice and C. N. Wells. 1981. Inhibition
of seagrass photosynthesis by ultraviolet-B radiation.
Plant Physiol. 68: 74~ 81.

Yamazaki, 1. and L. H. Piette. 1990. ESR spin - trapping
studies on the reaction of Fe?" ions with H,0,-reactive
species in oxygen toxicity in biology. J. Biol. Chem.
265: 13589 -13594.

NI | -El ectronic Library Service



