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Effect of exogenous salicylic acid and ultraviolet radiation on Ulva prolifera under different
light conditions. ZHUO Pin-li'*, ZHONG Jia-li"*, WANG Dong'*, XU Nian-jun"?, LI Ya-
he'** ('School of Marine Sciences, Ningbo University, Ningbo 315211, Zhejiang, China; >Zhe-
Jiang Province Key Laboratory of Marine Biotechnology, Ningbo 315211, Zhejiang, China).

Abstract: To study the combined effects of exogenous salicylic acid (SA) and ultraviolet radiation
(UV) on marine green algae Ulva prolifera under high (160 wmol + m™ « s™') and low (70
pwmol + m™> + s7') light intensities, the growth, chlorophyll fluorescence parameters, photosynthetic
rate of oxygen, superoxide dismutase ( SOD) activity, soluble polysaccharide and soluble protein
contents were investigated after they grew with or without ultraviolet (UV, 3.2 W + m™) radiation
in the presence or absence of SA (10 pg + mL™") for three days. The treatments included control
group (CK), SA, UV and UV +SA treatments. Results showed that under the low light intensity
without UV condition, the relative growth rate was enhanced, Chl a and soluble protein contents
were decreased by SA. Under the high light intensity without UV condition, the relative growth rate
was decreased, Chl a content, respiratory rate, photosynthetic rate of oxygen, soluble polysaccha-
ride and soluble protein contents were enhanced by SA. Under the high light intensity with UV con-
dition, the relative growth rate, Chl a and soluble polysaccharide contents were enhanced by UV+
SA. Additionally, under the low light intensity with UV condition, compared to UV treatment, the
maximum photochemical efficiency ( F /F ) and soluble protein contents were respectively in-
creased by 139.8% and 32.2% under the UV+SA treatment. In conclusion, SA reduced the inhibi-
tory effects of U. prolifera induced by UV, and the effects were more significant under the high light
intensity.
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HI T R AAUZ BRI, 3135 b sk SR T 119 5% S0 4 S
(UV) F#512 UV-B(280~315 nm) Hf i, 45« 5245
FIRBOGE AR AR, i R AR IX AR | 1H A
PRBE R - 4 BRAE 2 55 23 G 9% R 2 R A ik
SRR R T PIFHLIX. UV-B 33 A5, 25 B IX UV-
B AKPAAT B ke S AEJL i h A L IX T s
AR, UV-B & 10 43800 5% ~ 10% 2 5 F:
mEZF A RMAAREE R R IEMN, REEL
UV-B #E AKX 7K A e i) 3 248 72 A — i Y 52 ).
AWFFERW], UV X AU 1 3 10 52 e 5 55 i+ | %
5 RN R R A OG, KRy UV-B AL FRAE RS
L e 257 ( Gracilaria lemaneiformis ) . I 3 15
¥ (Corallina sessilis) {44 {HJE ] UV-B X} i
12 (Ulva rigida) P55 3 ( Fucus serratus ) WA
BA R AL HF IR, UV X R R 56 S
JBCE I I AR F 32 S R S s UV BRI T 2
W% ( Hizikia fusiformis) B95G-&VE T, FHA0 48 FH bl
DGR T i 3 07 (] A 3 A AR T A
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TSR g A 3 SR AN [) B B 1 A A B R B
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FNF IR G W), TER Y A K R T R i
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— RIS PR R RIS
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2.1 ARFEDEIEAETF SA Bl UV SHFEEK 4t
£ a TEMNEMW

M1 AT LUE H SO BEA LL 5 i 3 e
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Fig.1 Relative growth rate (RGR) and Chl a content of Ulva
prolifera under different treatments.

HL: 160 wmol + m™ « s7'; LL: 70 wmol - m™2 « s7'. RNEIKE FHt
FORF AL BAEAR D C I A N 2 5 B3 A R/NE FhER IR R —
FERRZEAE T R [AI AL B IR] 22 55 . 3% (P<0.05) Different capital letters in-
dicated significant difference between high and low lights at the same
treatment, and different small letters indicated significant difference

among different treatments at the same light. T[] The same below.

2.2 REPEIEEZMET SA il UV X E M4 R 9t
e A

BARKT , & MR IAME SA X E IRt
SRR (F /F,) WS AR 3 AR 44 R, SA
WETWE F/F AN UV BEFIRTHE F/
F A UV+SA BFRE TS F/F,  FEm MK
P, HI RS> 9N 42.3% 1 139.8%. UV AR T
EAROCAEZR(F, /F,") B KA 15350 5k
F(rETR,,, ) FIRUDEEROR (o) B SR I6GIR
S (E) A B m ARG 2, UV+SA A 4K
ST F/F, hETR,, Al o BIREAREESE(F 1).

Fx1 FELEHRENRKXARLERNE(F,/F,) BRRKERE(F,/F, ) FAEX B FEBEE (rETR) 5SXESH
Table 1 The maximal (F,/F ) and effective (F,'/F ') photochemical efficiency, fitted parameters of relative electron
transport rates (rETR) and light intensity indices of Ulva prolifera under different treatments

JLEL B F./F, F,'/F ' E, a ETR

Treatment Light intensity

CK HL 0.66+0.07Aa 0.30+£0.03Aa 224.27+46.14Aa 0.16+£0.02Aa 35.24+4.35Aa
LL 0.65+£0.03Aa 0.46+0.02Ba 252.07+28.16Aa 0.18+0.01Aa 45.35+4.46Ba

SA HL 0.61+0.06Aa 0.27+0.05Aab 222.63+33.09Aa 0.15+£0.02Aab 33.71+£9.42Aab
LL 0.72+0.01Bb 0.54+0.07Ba 225.74+22.76Aa 0.22+0.02Bb 49.57+8.99Aa

uv HL 0.39+£0.05Ab 0.14+£0.04Ac 245.16+39.58Aa 0.08+£0.02Ac¢ 19.45+8.64Ab
LL 0.26+0.05Bc 0.15+0.03Ab 343.42+41.80Bb 0.05+£0.01Ac¢ 17.86+2.86Ab

UV+SA HL 0.56+0.05Aa 0.21+0.02Abc 238.79+54.62Aa 0.12+0.008 Ab 28.12+4.47Aab
LL 0.63+0.07Aa 0.44+0.02Ba 339.0+30.24Ab 0.14+£0.04Aa 46.56+9.06Ba

HL; 160 pmol + m™ + s™"; LL: 70 pmol - m™ - s~ RFIKRG T L3R [l — A BIFEA D B A A1 T 225 B3, A /NG 52 BERR [/ — LB & 1k
?K]ﬁlﬂfﬂlﬂjﬁi‘%jﬁ%( P<0.05) Different capital letters indicated significant difference between high and low lights at the same treatment, and diffe-
rent small letters indicated significant difference among different treatments at the same light. T [i] The same below. E, : #J4H Y6 &L The initial light

saturation point; rETR

max *

B RAAXT B F A4 3% 4% The maximal rate of rETR; o: FRMIEA 2K The apparent photosynthetic efficiency.
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2.4 AREDEIRZMET SA F UV S &8 A4k
AR (SOD) i 4 A 52 1)

M 3 ATLAE  E R G4 R, SA AUV $25
THFE SOD By, H SOD i YEME UV+SA 44 F ik
S TG AT, UV B UVASA AR T 15 & SOD
AEPEAE UV T UVHSA 506, Bt B 1R
f5 TWFE SOD 11 MR 435018 47.0%F1 42.4%.

2.5 AFEDCIREZMET SA F1 UV X HF & Al v b
ATV PE R 1 R
N 4 AT LIFE Y, 7E CK Fl SA ZbFAH b | m Ak

120 HL
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Fig.2 Photosynthetic rate of oxygen of Ulva prolifera under dif-

0 100

ferent treatments.

x2 FRLEHAZHEFR(R,) MBELEHEEE(P,)
HILLIE(R,/P,)

Table 2 Ratio (R,/P,) between the respiration (R,) and
total photosynthetic rate (P,) of Ulva prolifera under dif-
ferent treatments

AbFR Jt58 Light intensity
Treatment HL LL

CK 0.27+0.03Aa 0.46+0.07Ba
SA 0.35+0.07Aab 0.45+0.10Aa
Uuv 0.47+£0.05Ab 1.15+£0.31Bb
UV+SA 0.33+£0.05Aa 0.56+0.03Ba

Fig.3 SOD activity of Ulva prolifera under different treatments.
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Fig.4 Contents of soluble polysaccharide and soluble protein of

Ulva prolifera under different treatments
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o1 B AR S e B, Bt O IR GR B S, e A
Chl a Fd/D. 22 22 05 45 IR 5T 245 e R, O B8
5 B X BRURE 18 ( Sargassum thunbergii) B K F1 Chl a
TR B TE 25 CARMFT  aimbgag  HAH
X A HUR B 2 W5 | Chl a B2 T .1 SA 1E
H— MRS E A SA 2 F R E WS Chl a &%
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AT B TR 5 M W2 A 0 200 LR 1 AP A A
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FEAEHOLR E S T EEEEA SR (E
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WS TR A 25 W, W & Al s b 3
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Y NSNS B IR A O, R A MR B E R B
TR (E IR AR 06 Ak P IR A 0 ' B R R A
SA X E AT RS & B R AN, Br AR 5 ]
VR AL
3.2 UV XF&E AR

UV 25 5 2 30 R I i AR Y BEAR AR5
PSR T g — A E ST, UV B Al oL &
YERT, MU HU AP, iR A R G, i PS 1T
D, &R, S & T UV S PR A5 & LR
BRIE 5 IR R SR B R v R, 5 R A
R EECTE Il T PSR D, F R R, S 3L
HALFRE TR

FEAR YD IE W AR BT LA P 480l 3R 1
P SR R AL T Bl AP S B AR A —E W aE
if, 457 A 3% 1 48 (ROS ) 95 5 i 3 A 9 528 | i
SOD J& G bR H i JE i st i 2 — |, REMS LB )
RN A BB A (0, ), KA RN, A
A% O, F1 H,0,. Bui i R PrA b R G ih P4 =, Padd
P 7 REFSESE R BN SO H, EOE R E
E2F UV BhaJs , 5 SoD ik B T (K 3) 5
S UV AT iR 4R P8 56 & 1 F T 50O BE Fn
CO, [A] AP , 40 P9 ROS 3 £ | b 4 15 2 48 - flr
HARMI N SOD 3G PETF 5. 3X 5 Shiu 25128 X 24 A1
2 (Ulva fasciata) BYWF 5T 45 R AL, BIFE — 22 5 F
LUV B 3G 42 3F 4 j = 45 38 2 19 ROS, T 8 H:
SOD & M3 .
3.3 SA XFFEHLHL UV PRAm 52w

UV il €2, 25 1) 58T & RN B8 B RE , X B &R
SFHA—EMBGER ARG 855 BoR, UV
B EREARIF Y Chl a &8, {H SA MIMAZ M T UV

ST E B EAER, H Chl a SR B EFRS (K 1).
e IR PO X 3G 4B VT ( Gracilaria lichevoides ) BIHBFST
ZESAERWT VRN 0.5 mmol - L' SA £ 48 5 (K i By
T AGAETLE Y Chl a & 6, P2 M SR HTsi k.

SA ARG UV X HF & AL A OB A R
LRSI IR 0 U iU SR VAN S (A B S N DO
TALBHR (2ETR,,,,, ) (R 1) SR M A i 4
LT (AOX) X SA A5 BE5 I [, 2352 0 & HL -1
i e FDLsR T2 AOX & fe, FEPS I %
PR B s, T4 1 PS I A Y i, 4%
W OCE BTSRRI AOX IR 32 3 1 [ B
HOGA 2 ROR M — s B (RIS T SA 78
— R LGHH T UV X AOX SAR A/ .

AN, UV FEFERT , UVHSA SN 6 Fir e i
AT S B (I 4) Al R A H A 1 B A
FE SN VE R, A] DL A5 40 R 50 R . T IR R
L3k /NBR 38 ( Chlorella pyrenoidosa) BIBIFFT 87w
SA ZEHE I I MIa R Al R & AR P IE R
(AN 7 ISCEOR iR Ry Sia LREE7/IDIG QD YL Sria 4 S R
JRLB A T, DT X 400 7 A D 4 T 4 v i .
AW B, TE UV AETER 25T, AR SA 1Y
IMATE—ERE B m 7 E il s s & |
UV B RE

ASCEERR Y MO SA 2 T s 4
K MG T SA MW 254285 T HFE Chl a &
i PIGECR OGS R R RV R AR P
H & i TR DRI 550 T, UV B ol ir &5 4
BRI 4R a & i SRR VO DL
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