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1.1 #HFRREER

WE T 2008 427 H 5 HELA & SR HTE
(LR B, PR IRAR 2 ] iR e s, N 3
MK R EZ vk, FIRE 15 C, B 35 ~ 45
pmol/ (m* - ) G JEIT 121 12D [ BE B 724 o
FAHESR, R VSE 8557, BERR 4 ~ 5 R4 —
SR, BAR T 2% Gk [ 21 R i ik . &
ARG BWEE RS T 2009 4E 1 1 AR IR A iz 3
J7ARI SR KA g A M5 T, T3 IR (18 ~ 22
T)  AE[20 ~50 pmol/(m* - s) ] FHEEFE, H
BRI b
1.2 EmFRRSE

Pl Bk B 1R 2> 51 B T4 200 mL VSE ™!
RE R 500 mL = fBelfiH , i7E o 1B,
1E3GF%, ASEE 830, 6 R R RS S 100 ~ 200
pmol/ (m® « s) , — k%t 1 ~3 d, 75 B4 9 A2
IR D e N1 2 G @ i (R b € T
BE T HIA N 4 $EE RIS R OE Y
B T A5,
1.3 LIMRBEHMIEE

PHHFE T 6 fLt , B4l 3 mL, SCEAE
K PBEA L %S ( Sol 1200W, Dr. Honle , Martinsried ,
Germany ) ' #E47 , K FHALHL R 19 4 569 S35 0L SCHR
(23], ¥ & LT 300 pmol/(m® + s) FI 900

pmol/ (m® « s ) , L 48 AN 5 57 1t 4351 UVA
6.63 W/m*,UVB:0.23 W/m’fil UVA:19.9 W/
m*,UVB:0. 68 W/m", & 3 /AN [ ) ) 2 U i of
PAFLUT SR AL FE: (1) PAB A BR, f 4% 5 4552
PAR + UVA + UVB %55 (2) PA b3, DIUERR
UVB, ffiff: i 4552 PAR + UVA Fi5;(3) P ALHE,
DL bR UVR, ff £ dh (4% 52 06 & A 208 3
(PAR) Y Sl B 114 35 6 5 1 0 SC ik [ 251
2 MRV ESF 1 B ' S A0 A A UL 5% 1) A i, R
ELDONET #& %} i ( Real Time Computers,
Erlangen , Germany ) ¢34 5 s R I 2
1.4 FRFRERAENNE

Fi /K BE % )6 1 ( PAM-Water-ED, Walz,
Effeltrich , Germany ) Jll] 72 I 38 [ £E & PS 11 49 f
KI5 (Bv/Fm) 05 0 26 5% 8
20 Co pAERE S AL PR 15 .30 F1 60 min 1K
I mL #0502, B0 3 1. H
polyscience 1§ ¥ 7K ¥ ( Eyela, CAP-3000,
Tokyorikakikai Co. Ltd. , Tokyo,Japan) %15, 15 &
PR 20 C,
1.5 fFRFRIME

A5 MIRE Bl 4 97 98 1 F VSE 55 3% W B Ky
50 000 ind/mL 245, 43 B W BUZ A8 Tk 1 mL &
T 24 fLAR A AL, BB A BB AR PLOPA
PAB (46 5B, 75 K BHASE 40045 T 32647 5 5 4b
R RE B 20 C, B L 3 900 wmol/
(m* «s) o LK R4, — 41 B AE 24 FLIR
B/INFL P BB Y 10 mm x 15 mm [ 3
B, R AT R ST AL B 55— 4 S kG B
F, R S A B S BRI 10 mm x 15 mm
B S 3 R, 3 A FL . S Ak S ] 9 5]
5,10 115 min, R 5 % [F) 3 B A B 35 3%
FHER AL 24 FLAR , {6 2K B 25 1 16 72 JR G vh
T 20 CHEFAPBENLME o 24 hGHE BB T
THEGR R b 987 n B 2, 20T R 55 3 R
FHBE e B, 78 K B i 7K v 73235 BOK, e 25 K Bt
AT, BRI 3 AT, BRI T
10 MLET
1.6 MEMFHAZRMBAFENEKR

A5 MRS Bk (4 97 48 1 F VSE 55 3% W Bl
10 000 ind/mL 254, W BUZ Ml 7 20 mL & T
15 cm SR M B PEE A9 10 mm x 15 mm [
SRV T B SR ML, ST 20 AR 9 A0 2 B R
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(196 5%, F Zeiss Axioplan 2 I {55 WL 54 31
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1.7 HiEsbiE

f UVA F1 UVB 5| i i #f X 0 il 258 43 1] 3
PN AKIHE: (P, =Py, )/Py x 100, (Py, —
Poas ) /Py X100, Py [Py, il Py 73 AR R RS P
PA = PAB BB S B o B4 I 45 1 3R
FF YR + B 22, ] Origin 7. 0 GEit ) F i 4T
B FJ7 2250 T CANOVA) |, 6l ~F- 24 %5 2 [1] 1Y
25, LA P =0.05 VE 25 519 o 35 KT
2 45

2.1 PAFPAB XHFEHRAFRALULZRE
EI1ER

1 6 B S8 4 300,900 pmol/ (m® - s)
INf, PA F1 PAB X i & 7 6 7 1 die KO Ak 2 3808
TIVE R SE g 2

BT Af LU Y A XS 5556 F [300 wmol/
(m® - s) ], il 778 P ALER R, Hofi Kok bai sk
I BEI [R] RE T2 AP 42 5, R SR 15 min B ()
0.36, B4 4} 45 min B 1) 0. 45, Hig K L2230
FHEE T 14.0% . PA Fil PAB A0 HE A X i 4
B RO AE 8 S s [R] K 2] 60 min B I 7 i 25 4100 1l
BR (P <0.05) , 5 P ACBEAHEL, H UVA il UVB
SR B EI R 55 R 17.2% F13.05% o

MOEIER Ly 900 wmol/ (m® - s) Bf, PA Al
PAB Kb i b 2 410 ) WF 5 40 1 e KO ik
FAREFE(P <0.05) , H AN IR0 Fifi B 7] 42 4 1777 1
fne 5 P ALEEAH LG, PA AbFH 15,30 .60 min Hy
UVA 5] & 1 40 i 2853 5 hy 28. 4% . 42. 4% |
36.5% ,PAB g5t b #i by UVB 5| i iy 1 i %
W58 23.7% 21.8% F118. 0% , 4% 5& 5T AbFE
(] 119 25 S Al S 35 (P <0.01)

FEREIE[ 900 pmol/ (m® - s) JMEHT , 7E Al —
AEERL R Bl B TRD A S, H Fv/Fm B8 F %
1£ 15,3060 min, P 4t # ) Fv/Fm M 0. 44 3|
0. 34FF# 5] 0. 23 ; PA AL FE43 511K 0. 32.0. 20 |
0.15;PAB ZbFR43514 0.21.,0.12 3] 0. 11, M 15
min F| 60 min,P,PA F1 PAB &3 Fv/Fm 433
TR TA7.2% ,53.2% F1 49. 8% ., /i) 4 4 b B
Fah BB R Z B A FE W B A A2 BEAEH (P <
0.01),
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Fig.1 Changes of optimum quantum yield (Fv/Fm) of
zoospores with different UV radiation at( A)

300 pmol/ (m* - s) and(B)900 pmol/ (m’ - s) (n=3)
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B 1 %% B A I R A RIVE . T 2-B R
BRI 5 TR 5 3 L3 T A0 - B % B2 45
FEZE SN ST e %) 4 BB 2 A B S R
Hrp P PA PAB 4bPEAF T 15 min J5 , H 35 5% Fr [
FHAF0 L) 430 ok 50. 0% (55. 1% F176.1% ,
o B - 75 58 5 15 min S a] 119 B & 232 43 A
50.0% 44.9% f123.9% ,UVA F1 UVB %} @}
FH I 25310 10. 2% F1 42. 0% . 7] UL 48 4h
R UVB B i (REIR ) T i 461+ 1Y



12 4 AR A A5 RN & A TR A N4 A K R 1863

M (P <0.05), [A1 &} P.PA PAB &b P i} [a] (1)
FER R RE XTI A T RO B & A iR E . ARl 5E
S5F 4 T 0 A TR ) 22 (R A S S AR (P <
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o

WAL T R EE / (ind / mm?)
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ER24hEREFATHMERE
Fig.2 The number of settled zoospores of U. prolifera on
cover slips were placed into 24-well plate after
incubation in the dark for 24 h after(A) or

before(B) exposure
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(1 H AR SRR 3. 34 ~4. 52 MI/m’* Ju [B 25 3,
UVA 19 H 5 5 K= 7E 0. 49 ~ 0. 77 MJ/m® [ 28
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Fig.3 Daily doses of solar PAR,UVA and UVB - 100
(MJ/m? ) for U. prolifera zoochospores germination

Mar. 15th,2009 to Mar. 21st,2009.
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L, RTLLE 1, P PA il PAB 4bBH 2 ] %} 461
B & AR AR OO (P <0.05) , 55 3 K PA
1 PAB 4b 3 BH & #5375l O P AR H 57, 0% F
39.1% ,UVA Fl UVB X} -1 8 & 140 il 25351
J343.0% F117.9% , 553 KA 6 K[F—b 7
[i) Py 22 S AN i 25, 100 D00 0 9 A2 0 DR T
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Fig.4 Effect of different solar radiation on germination

rate of zoospores in U. prolifera(n =30)
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P.72.9% ;PA:14.3% ; PAB:10. 1% , i/~ PA Hil
PAB 5 ZU52 0 B K 41 i 9 4053, H PAB 11y
ML PA OB (P <0.05), A] L PA A
PAB 455 4y i A A i ZUA0 R AF T, B PAB L
PA #I /T AW (P <0.05) (& 5) .

BHOG S AN SR 6T B A6 AR R T AR R
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Fig. 6 Effect of different solar radiation on the
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U. prolifera at 5" day(n =30)
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¥ Lessonia nigrescens Ji# {1 EHAE R 5 pm, [
FIF s # 10 um" L W B TR/ R
(11.7 x5.2) Mm,ﬁ%jﬁ?lﬂﬁ@ﬂ%(7 4 x3.3)
pm FIHERL T (6.7 x2.5) um™ | & AL T

AJRE Ll T X S AN AR, (AR E— 2B TRA
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The influence of UV radiation on the zoospores of the
greentide macroalga( Ulva prolifera)

LI Xin-shu'*, FENG Zi-hui', HUO Yuan-zi', XU Jun-tian®, HE Pei-min'*
(1. College of Fisheries and Life Science,Shanghai Ocean University ,Shanghai 201306, China;
2. Key Laboratory of Marine Biotechnology of Jiangsu Province ,Huaihai Institute of Technology ,Lianyungang 222005 ,China)

Abstract: In order to assess the effects of UV radiation (UVR,280 —400 nm) on the relative sensitivity,
attachment, germination success and seedling growth of the zoospores of the green tide macroalga, Ulva
prolifera ,we exposed the cells to three different radiation treatments ( PAB:280 — 700 nm, PA:320 — 700
nm,P.:400 — 700 nm ) under solar or artificial radiation. The experimental units were covered with three
different cut-off filters to obtain three treatments: PAB, PA and P under solar simulator, respectively. The
light intensity was set at 900 wmol photons/(m® + s) ,while the irradiances of ultraviolet radiation were UV-
A:19.9 W/m’ , UV-B:0. 68 W/m’, respectively. Optimum photosynthetic efficiency ( Fv/Fm) of zoospores
was measured as variable fluorescence of PSII by using a water pulse amplitude modulation ( PAM )
fluorometer. After being exposed to light treatments, the samples were then placed in the dark so that the
zoospores could be attached to the cover glass slices randomly. After 24 h the settled zoospores were counted
by microscope. The randomly settled zoospores on the cover glass slices were placed under different light
treatments with cut-off filters. The germination success and growth were measured punctually. The results
showed that:1) PA and PAB treatments could significantly inhibit the zoospores optimum photosynthetic
efficiency ( Fv/Fm ) under 900 pmol photons/(m® - s), and the extension of inhibition increased with
exposure time. Moreover, the inhibition of PAB treatment was more obvious than those of P and PA
treatments. (2 ) The hysteresis effects of zoospore settlement were observed under short-term ultraviolet
radiation, and the results showed that 24 h settlement rate of PA and PAB treatments after short-term
exposure to ultraviolet radiations of 5,10 and 15 min were not significant from control (P). (3) The
significant differences among the groups of germination success of settled zoospores were found when the
samples were placed under different solar radiations. The relative germination rates to P treatment at 3™ day
and 6™ day were:PA:57.0% and 58.5% ,PAB:39.1% and 34.6% ,respectively. There was no significant
difference of germination rate between first 3 d and 6 d, which implied zoospore survival depends on the
initial 3 d. (4) The seedling growth were significantly inhibited by PA and PAB treatments. The rates of
seedlings that contained more than 4 cells at 5" day were P:72. 9% ; PA:14. 3% ; PAB:10.1%
respectively. The growth inhibition rates were 46. 2% and 68. 1% by PA and PAB treatments. Overall the
data showed that optimum photosynthetic efficiency ,adhesion time, germination success and seedling growth
of zoospore were significantly inhibited by UVR  and the inhibition of PAB was stronger than that of PA.
The results suggested that UVR could play the negative roles on the early development and survival, and
might have a major impact on the occurrence and recruitment of U. prolifera populations.

Key words: Ulva prolifera; zoospores; UV radiation; optimum photosynthetic efficiency; settlement;
germination; growth
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