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Effects of near ultraviolet radiation on the growth of various microalgae
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The effects of long wavelength ultraviolet radiation from the solar radiation on growth rate
of algae were studied with a newly constructed outdoor culture system in Tokyo and Miami,
Florida, U.S. A. The near ultraviolet light, consisting mostly of UV-A, inhibited the growth from
10 to 409 in the morning; the inhibition was not significant in the afternocon. The percent
inhibition was correlated with the total dose of the ultraviolet radiation. At the time when
illumination started, the rate of photosynthesis increased rapidly to attain the maximum level at
around 1 p. m. (usually). The increase in photosynthetic rate was siower in the presence of UV-4,
althouth the maximum rate was similar to that attained in its absence. Thus, the inhibitory effect
on algal growth may be due to the inhibition of the increase in photosynthesis which occurs after
the sun rise. The most of the experiments were carried out with the algal celis which had not
been exposed to UV-A. The same inhibitory effect on growth could be observed even in the algal
cells which had been exposed to UV-A for 7 days.

The effects of UV-A on algal growth and on the Hill reaction with cells isolated from higher
plant leaves were also studied in laboratory experiments under artificial light.
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{a) Chloreila {b) Dunaliella tertiolecta
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E 1. ERESASoEEoLFICRETES. () Chlorella viigaris 11h, (b) Dusaliella tertiolect, (C)
Porphyridium cruentum. FERETIENE @ W-m™ @&, WA TR G B RS (7T Wom™) ZMA
fbho, (FOHHEL, EREEETE, TRtosERE L TEELL)

BEHRENAETSRY, IT3LETEREHL
i, AHETIE, BERSRERY, TofFIH
L, BATERESRARSNEOL S HET 50
pEIEEME LTHELR,
B - R

WiESid, WMERE, FE4 OB L UEEEY E
AWikBRERETES & Ebic, BAERH
W B SRR R R I, BRI B AT
FHE LIcB0T, F2EE KBresEns
EiEEENSOBEE>WT, JorFEAVT
W Lice 2WT, HAEHOETFEEINS,
go ) Filed 7 ITHeB0T, EEOERET
W, HETELNEREEELL E3F
ﬁ)o

1 BL2OEHECREFITAIEREENAROR

s

£, & Chiorella vulgaris 11 h, Dunaliella
tertiolecta, ¥T75 Porphyridium cruentum =R\,
roEFiwd 5 UV-A (BRBsITEERE
L, JEiBEE 7 Wom™) OBz~ (& Do H
HEART—S4 VT2 ) O~f TR B
NERAWT UV-A 2ET s Lok, BEL
HVIES L HE U, FOER, WIHhOBERK
BWTh, HEMHOLEE, UV-AIKL-TH

FcHES R, FOE SEMABERLIEVE
NE AR, HERKICE, UV-A 2EEE NI
o, BEEATWILWEE EEE CBECE
CHELT. COfERIE, B Z B Anacystis
nwidulans TERONFEREPE B L, A nid-
ulans T4, UV-A OFjEiick-T, UV-AR
EBAEMSRLNEL AT &S, UV-A BH
gifaic B o h 2 AEEEE OEEE, BERRD S
OEENERE, UV-A BEHOETILLE60
LEZ SR, CCTHENECBOLTHERK
EBbN B,

2 BHEEYICRIEFT UV-A OFEF

REEEASITIUERTL C L EA R TS
& 4 Z (Glycine max var. enrei), SEAMRIT LI
it DMy Cy M E LTS hT o 5HEBE
(Arachis hypogaea) & C, BYITH B A ¥
(Digitaria adscendens) DREEEMIEEHWT,
ek Hill RIiEEcRiEd UV-A oFHEHR
~fz (2), #Y b v EBOTHEI RS
Znit S —¥4 , X4 RS 2FGTHINEEES
BT BT ik HEAEREEL, LIW m? 0
UV-A % 20 SEIBE L, £O&R, Hil B
Eikid, BEETO 30% MTrED LI, BT
LEREOEEAE SN, RIREORELR
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(b} Digitaria adscendens

(c) Arachis hypuggag
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Time{min)

B 2

EEEY e Hil S 2 RIEREABOREE (a) 71 X (Glycihe max), SN EHEME (3,

T &, ARSI S HEE L 72400, ®HI ¢4t NaHCO, (5 mM) &7RINL 7, (b) # b ¥/ (Digitaria
adscendens), @FIZ PEP & NaHCO; 1T, Al NaHCO, @&, BENE PEP & NaHCO; biRinL &
I 12358, (o) Btk (Arachis hypogaea), NaHCO, ZiRINL TH 5, EEMAE, 11 W m™ OREFHES
A EE L, BERoifse, 8EX e W -m ) ZBEH L.

3 foicid, SR REBEENa < d A oS
D 15EO UV-A 2 HEE L, L, HEHD
laoigs, HEEE cREOREICEEE NENT
BN fn S &, RIS T BT,
WRMINEE ADRSHERS 2O TREL, &
MOBEZSURERICEFELTVA T L 2RI
T 5, BEEEMRERE, aEXiclvRia,
Z D% 0 Hill HIREEER~ &5, ¥4 XT
1d, BN NaHCO, STETES % &, fGHEE L
A [ETE L #1298, NaHCO, D3FEFE L g i
EoplifEEy o hidh -k &2a), L
L, S7RREAL T WEE—HE o BB L Ao flE
T, NaHCO: BEE LB WSS TS, HIEMR
W oM, Ak o TERHIE T, NaHCO, DA
OIRMTREESE >, BEERaostamkic
BEEENES AR/ — L ENE X (PEP)
A THO TEESRED SR ({2b), T
LOEEH S, HES i Hill KIGoataic &
BE[GICE, FEEEERGEESD NGRS ED
TEWMNETHBEEL LGNS, L, FEEE
Tit, NaHCO; BET TS, B k- TEHE
TEEd-72 ({2,
PltoikEs o, SFfyEaResnTy,
MM & B, UV-A i & b Hill BIGEESHE

&h, TokaftiEfficiyOifzhac s
[l NN A o

3 KEBHICEEND UV-A O, ZREOLEEIIC

xtd SR

¢, EAERM ARSI ER L 7,
RO I BEOLDET A, HE
s s plEmER e oW TR Lic & o B, 1
SHERR T, XoZEMRMSEL, RELLD
pH DRIEHEEE, BAIERM - OB
DIV EDED, D, RIHTEEENELER L.
3 DEFBERT, BEHEE, ®HTERY
%7 ) (AT-Super, Shoritsu Plastic Co.
Ltd., Tokyo) £H W, 10 MO "FH 17 (H3FH
&, £ZFa, b) P55, Wil-<1 7 (a) DARE
it 5cm, A4 7ORE105em &L, 1Y
to b OISR ERE 351 Th b, EHEER, TR
JEERShD 4 ¥ 7 5 Ak v 7 (1) & bRl
7OmAEERL (35 -min™Y), &H (e) TTEX
% 7214 CO, IR L 2B R 2R 5o Sl <1
7 (o) I IRIREEIHH & NAKAERT B, T
) ARBERIERAY Y, BMAEEARBERED
BTHEIT S ENTED () GRS, HE
& pH jitéEiisd s L T ORMHEE» 5100,
pH OFEE e 5 CO, DRtc X - 72,

el VA



H 3. EASSEEEE, a 105007 2 0 ABUEERL b, {EEE o MMM R o~ T B 85,
d, BEgEls o OSEES, e . f pHe vy —, g v 7Ny FHAALT, h BEY Y4 -RUE
Dzvira—5—, i #r7. | BERNOEMSMEES S K, A BEREKOAD, B ERROHEO,

C. 2% CO, 2 UEROELEAL

C ORISR &, WSS RMEYTIREE
kRlo 23w L, £FMEC, BWEARELE
RY Chlorella regularis DHEEFIHT 5, KB
WEENS UV-A O e~k 27, 280
T2 N NS FEBIFEBES LD E =N Y- b
(BAA—54 FI¥E ) MHISE=n) TH
B, MMEOSES 2 BB TEMLT VL
AT, Fa— TR EREL

Ric, —HOEEEROERWE, UV-A 2%
BEde=Av— (TEEvd v G Wy
)—vx—2 102D) Icii, C regularis ©H
B A SRR U R R & H L Fo
HENCE, FIBECUV-A 2SR VWTEELE
Mle e L VR THEN L, RAKEPTER
S LSRRV, K41, FRKoROHM
B RRdhiR Td b SEEE & MIEERTE & <UL
folgiEihgiER L, 2007 4 LREEERLD
BN THEINSEE -, UV-A Z2FWiclaT
3, FO b R, AT SRS -
foo TOMEEIR, 1B S (9MK~17)

" DW{x10mg-litre™1} 1
! 2
/:"’ E

8 A

A ]

L *“Chl{mg-litre™1} / .
o-——'—'%
E_ pev(mllitre™) 3
05 & / 3

P

TTTI

BW, PCY AND CHLOROPHYLL CONCENTRATION

01 -1

" ' : ! f
9a.m, Na.m.1p.m. 3p.m. Sp.m.
TIME

B 4. BABESEMICE T S, Chiorella regularis ©
g, BRI, UV-A 23004, &
3 UV-A &5 f-4mAa.

DOIEFEREE D S 5, g4 ERETEEFCR SR,
BETREFEFICERRONEh -1,

X5 FricsitsEolEhog (198646
HS5H) DR~ FATHB (R RIRE
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B 6. HElcsd BREIER <2 b ORI
M, 198548 A 15 FISiTE » 1z,

£ 400~700 nm) DAL 5F, UV-A Ehdihig
UV-B (@840 10% LIT) 0BAHEE5AT
Wh, R UERE, ThEh Y -y —
AEd e ZADE =N Y- b EFEL IR R
Ry ATHB, K6, 19865448 H 15 1 (b
) ORIEZDZR <7 F VERLEDDTH S,
Ol b 13 K Tid, /A S D THMES
A, 15, 17 BrE BB L, 1605
B AREE, 11 Bofliickhs, §1TOolEE
TH1/3THO, 1THETHI/I0LITFTH»
7o

FIT, UV-A LB C regularis DEFHUWE
& FOEER (%) 2R TOX i LTRD, 18
BloEEEE & 2o R0 RS, B I UEFE
BEOPHSEEE & okt & ofAfRA R, 4EH

T T T T
0.3} t ey
. e oy ° T
= ° 8 g0
£r© ‘0 .A - o
bt o 4 R
E ] o »h *
z 02f H < .
o
xTr
=
x
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(L)
T I S WO T S S TN WY T SN SR T E S T W S |
o 05 0 15 20

TOTAL SOLAR RADIATION {x107)-m"%)

B 7. Chlorella regularis OHTEEE &4 BAHE
& ORE. OFNE UV-A 251 T W A8 D,
AT UV-A 23037505,

g td,  EERGREE . BEERRMSATR OEER
DWi), DW@) &4 3 &,
g~ {log, DW(t}—log. DW(o)} /¢
HEEHREDHER T (%) 3, BIARTZ T HIIE,
FFEWIAOETEEE g8, LT,
I=(1—g,/g,)x 100
THFEL I,

BO7 i, 19844E5 s 8 Blohid TiTl -
tz, 1 HOEFHE S 20 oL iR & OIE
kRT, COMDS, HIOMI-m™ HUEoBNH
BCEEHERITERNL, T ORKEI 0.3
(logaunit-h™) ThH 23T EMPELMER -1, <
offild, ERETELSALLEAKEL DR, DT
WAER - oo 72, UV-A 22 FoHilanEE#
B, ZHih-7mb0L{EL, ToEZENH
BIEEFELEh o1, 2T, [HERLENAGR
WLt ey FLETH, BOHENES
., FHEEEE 0.82 TH » 12 (K 8), T o, B
FE L 10~40% Th o7, Fh, <O SH
ik, 198445 B 16 Hh b 19844 8
BoRHE i 2B0BE3BROH D
AR SELE, 0.3~10MI-m™ Th -7, EH4
T, 1| HoOWMEO S BEE 4 BEoAs, Hf4
&L o, HESTETH -1 &h b, HIRE
4 BRI 54 BHER & £ oM ORIHR E OBIR
EF O IR LT, M7 H5FHEENL, A
4 8508 (9 K 5 13 1, [X] 9 a) @54, B 40§
M (1300 s 170, ROb) &b, %/
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9am. Nam. 1pen.
TIME
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¥ T T T 'i T T T ¥ l ' T
A
}- L3 x. - -
40 r=0.73 / 20 r=0.37
=z . "
230} » Aaq 0f o 4
= FOEN EN
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=20} - 1 0, +l. -
E . P LA
2 10F 4+ -0} .
ry
PR TR IO TR R w20 PR
0 § [ 5

UY-DOSE{x105)-m"2)
@ 9 10 8uyHEEELAEaD, FRk4HEE ()
L A G (b) BB, C regularis O
HHIEER,

ot UL, Fidt4ispT, MR LS
EBRESE SN, TORBEHEALEICH LE
SN Lz, —4, B4 MTE, EER
BEALRBNED 2T

—HEBY BRAKEECEHEH LT
A, JEMEWE, 9BRICIIED o fod, TCORELA
D, 1355 16 BT O TRAMER L. %
M IR T b, O IR EARGETE 1
MU Fehs, EAMESY TVE LI ENT,
BEINASHIZ B4t (B 10), 11 BRI, 2R
A EERLZITOAVEIES, FLLAES
BIEMEAE TR L, COT &k, ®BY 4 ¥ THSE
ME BN -7 T & E—HT Bo

4 T4 T7EILBIBREREMIOEE
HETR, BAEROES SIER &t
EREOADHIBOLE LB, ERIKBEEQ
Ve ¥, HEK D SEBEEOEARERT 25

E 10. EBHT 3 C regularis ORARO A
{b.

oy -

B 11. <4 7§ i BAUEREE ol

T, SSNSOREETNS Y, HEETHV
b0 EFE U B A 2 B L, KE= A
FINEELTERETE -2 1D,
12k, 198643 A7 Hick 5 480 nm
LI FOREDOKELDA~Z b ATHE, 121
DAY bid, 19854 12 4 29 B, 19864E 1
H17H, 2okd4 12 ELALFLR
a8 ABE LN, i, BEOEIHEETE
iR (16) &bk {MHMTui, MENL
OB TOEETSH - o, 1250
227 b TR, B LSRR L DB
ERHVANWERLN -7, HROER (E6)
T, 9M& 11 BRE TR OENDE, - L
B, =4 T ITI, OETIREL, B 15OR

—174—



VISIBLE ,

SPECTRAL IRRADIANCE, WniZnm®

w0

1 1 1
300 350 400 450
WAYELENGTH, nm
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HlEE{l, T, 19864E 3 H 7 HiZiT - 1,

SREE M I, o 7o, B (FEER 139°457)
&, FEERTH H0G (R 135°) L0 4°45'
EMELTVRoRL, <47 i, ST
HAMERTEELY 520 FEICfiBLTVWA T &
5, HEHicB T ZREOMEE, fEHEELD
HRTH 20 02 <L, =47 3 TSI 21 58
Ve THHBE, RlemBvwTollorF—sik, K
6 (HE) DB IE20458K, EI11 (=47
1) OIBSI S SCRYMLTEY, ok
WILARZ PIOBEOBELIOTHES D,
CHLiKBEosET, EEHREXGOT
BARBOBB>LTHRE L (K138), BHE
OfFERERLCL, 1 B0 HOH 4 K TEE
AIREE N, BE4AEETREFZEES NG, -1,
132 ORI, HEHICETAER (X9a) »
SELNIBMHERTHD, B13adksd, =47
I OFBEEICE~, UV-A ok 3lES—BD
ok ANEER S o, BEREEICAWLT 2
po®, UV-A kxtd 2@EBREUNELLEC
A, Fl4wmkd LHie, =47 3T, BB
EEp-bICERA LT 2 ) A0, BERTH
W BRI ER L2 7 2 U vk b 300~400
nm OFEBHIINE W EHHEHEL 21z, &
Do, HEEE (X3) AoMIEE 28072 Y
NEFBBLENREZTEI &L oE&RE (320~
400nm, 10nm HX) WKBFTBH7 7 Y LOER
24 29EL, 1986HE3A TR LI2H (K1) @
2 OEEON MR L2 HITRAET L, A7
ITAVERETE, ERTHVA DR
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B 18. <47 B S C regularis OHFHME
#= 1[8N okED >, i 4 B (@)
LA (b)) LkaT, BREELL

—

T, 20% UV-A 21 (23T &ML
MEiaf, CHOIEMIL, UV.A ZRBE=N
v— b AR L b & ORABRICHL, BRT
17 i #HERRCEECHENRONLL VA
%o

13 DAHEHIR & T UV-A 2% Tl
laREwTBLETHH, AHIOTORFER, &
HHEERE TR UV-A2ZHHHETH S, C
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OFB, FiIRETUV-AZZFTOTH, —
SRTHIRASEL R ITA - o la T, MEETIE
UV-A 220 coRviilaTRo -0 LE LE
EOLEHEMSESNEILERLTWE, O
Sk, KEBEREHT TR ERETEESL
o k575 UV-A Hfd 3L 50 d D
LN S,

i, EERECHT siaREoREIc v

100 T g g =

50%

Transmittance (%}

0 300 400 500 600
Wavelength (nm)

E 14. BAEHEHIcHVET 2 ) A0, ERER

s oL, EREWERE, ThEh, 4T3,

WHATHWIbD,

THRE L. | B0 S Bk 4 B TAEFHRESH
Bohk msERO— & LT, HfahiEmL
THEMET S ok, BeoMidicsb
UV-A BOSbd 2 &EAZ OGNS, JOTHE
MeEEA B fodic, UV-A 230 fcfifahsas 1
e B3 B AONAMEE T, 4PHT 9 I KEREBRkE
Lo 8 LERT L5, BEOKESEENN
Koty BE, BEEUHEEFRED SN,
LtfaT, SHHES 1 HoBFRoNEL
1 AERE, miaic ks UV-A OEEA~VIZE
2HOTREL, MEEEO UV-A ST 5E5%
HickabosELONRS,

72T, UV-A 2FEihREsd, | ROBRYE
4TS UV-A 2213 55 LT, £HIEE
AMELS (B2, ERIE, ChE THOFHE
g Bric ke A BRIA L, 44 1050 5 UV-A 250
BESICLBAT, ERIE, SR
235 UV-A BEEDLID, FFROERE L
BSRHE ¢ BEAS L, HIRIOME & P& LTHEE

=1, EUHIESE TR 3 KB OBl R AR & ST

SERABARAREC B W A UNIaHE HE il Rty
{ug/mi) (%8) J-cm™
-0V +UV 9am.-1 pm—5 pm. 9 am.~1 pm.—5 pm.
82.8 83.3 22.1 2.7 5b.4 37.9
89.5 91.8 22.1 -7.9 60.8 41.6
90.3 90.4 20.8 -1.2 59.4 7.4

=0 HOERREREARERE L AABPERRA L, BT os KRR ESUABRE IR L e

i B EFHOAET.
T EREERR oA O M~~4r 5 1%
T RERNEM: 4FAh 8 M~irik 4 1%

(we/mb I RE i‘\"ﬁi’f‘n&%’éﬁ
(%6) (J-em™)
1 pm, (noon)
-uv +UV 1-5 pm. ( IE4F—4 pm.) 1-5 pm. { iF4F-4 pm.)
123.5 114.0 1.1 36.1
1 101.0 101.0 3.2 23.5
113.5 110.8 5.5 30.3
95.5 83.0 8.3 48.1
I 77.1 3.7 10.7 41.9
78.0 78.4 10.6 36.8
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TIME

Photosynthetic Activity (pmole Oy mg”Chl-hrt)

B 15. <47 ickids, HAREEo 8t @ fluotHEEDoS A (19854 12 B 3 ).,

Pholosynthetic Activity {pmole G, mgChi-hr)

[ I | L
g 10 1tam. 1pm. 3 5
TIME

(b) 44

QI 17T EFTRRHMET LA (198643 A 23 BD.

ARG L b D TH B, TOEED S, FAiH
UV-A 2ZYTORWMARCBVTS, RO
UV-A itk AEEMRERE LA L0, HER
$2ELTh, Fiidic UV-A £SE8LD
LEADEFVEELLBZIEVWI LBHELRAE
ot

v 47 IOKERDH L TEFLAHATS,
WEEERE, Y0 toERIEtE R 400 umol
O mg 'chl'h™ THoto, HEZWBIEITEK
D, SAMIEEGaBCHmML, % 1 BHITERN
700 e T L (H15a), COEHILOEE
B8 UV-A 52 fo ke (D Tl his, &
ORI T - iR E—H L7 i,
(RS OEEHRSRERE D) BEKEME
TLEE, DAOEHELESFFFIEE-T
LE ot SO, HAMEHRRISbD XD
KRS a T 2 L —IEHICEEAMET L, £0R
B L. COEBETTE, UV-A 2FFHIIE
T, R AL D P T BEER
EROETHIVBETH 7
HEEDFEELHESHROER

BAEBoEREE DB E, (1) ABEOS

LT oS AEEEEAES KBXEEEN
5 UV-AlckvillaadsREsZd 5, 2) %
DIER | AOEROFRETR LN, BPETRE
BRI REE L, (3) £BEHREOREEZT
UV-A ficftv, FEESACERL. ) C
O4GHEGIaREEE LgaicsRoh
oo bk, R R T 3
B RTE LV (B) GRRIch UV-A ZS0 18 -
4SS, 85 UV-A 250 THEFHEER
BEAEE LN -1, (6) JEARKEIEEREE
Ma S % 1 IEEE TRENCEML 2,
UV-A 22 18I T (3 £ ORIAINA S hic,
gy, UV-A 2307 ol b 2 18H - il
B b L WEAREEARL, L & bRET
L#ze (7) WHERE -7120, ATHOBALT
At CFET 9 MR BERIEAT 17°C) i, UV-A &
SFE L T, FHiDRIEAROMENAPIE{,
Hegpmpaia o o 1o AR T L, £hie 5 ERT 5
APRALNT, C9 LEAEBREL TR
BEEEE LR LG o COBES, UV-A R
R OFRSREEE T RERd 5Nl D
ClhD, BEATERTIREYT A5G, KEDEC
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HEh b UV-A BAESESEHZHEL, o
HOEESMNZLhIbOEEL GRS, SEH
Mo BgsEsR kT, UV-A ik b Hill FIGEME
HEES AT EL D, BATOREOREETR
SALfz UV-A IS & BAFEE b, Hill RIGEMED
MZohTWAapeikME 5, CORRSHRICE
ENfRAETH B, Fh, TRICEMAESRESH
HWELSEBLTS, FadicSd 28X
B, UV-A KX BHFEMATChZDHhE I M
DWTHMHETRETHSH, Xbild, RFE
BRICLAERERETRI &L LD, fHlEao
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