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e 257 % R 5 IV S VIV 9 R B A
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Jetbot, MR T MRS TOLE Fy
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FORRI oA S, K S A R Pt i 7 it
(yield)$4) 2 0 Bt o't B[] J2E 4 7 328 A0 B AIG 1) e 3%,
12 h J5 SHIRIEM L0 R RE T 23.69% ., 46.22% .
74.54%, T ESHTEERFH, ANEDERANELT K25
IR EE yield Z [AIA R i 35 25 7(P<0.01),

010 pmol/(m?-s) B 120 umol/(m?-s) M360 pmol/(m?-s)
0.6 aaa a a

0 1 2 3

4 6 8 10 12
Fisf [ /h time
BT RTEDESR R 2550 % R 9 ol & 7™ s 1y A2 4k
AR RN Ak 3 ) 22 S 56 3 i 2K (P<0.05).
Fig. 1 Changes of the effective quantum yield of PSII of
Caulerpa lentillifera under different light intensities

Different letters mean significant difference among
treatments (P<0.05).

22 AEAXBTKEFFRERAXEF

W 2 frs, KZEBEFRBEAE 10 pmol/(m*:s)
Jeur T B I KOG T B (F/Fop) T 2224k, T
7 120 pmol/(m*-s)F1 360 pmol/(m*-s) Y58 T Fy/Fi
B ' B[R] A S M R AR, 12 h J5 S0 UR(EAR HE
IR RET 52.33%. 83.10%, J5 22/ Hradh L 1,
ANFEDGERAE PR ZE R AR Fo/Fr Z AN A )
257 (P<0.01),

il

0 10 pmol/(m?-s) O 120 pmol/(m?-s) MW 360 pmol/(m?-s)

08,222 a a a a o "o¥SD
0.7

0.6 b

i 0.5 b |k b "

If[E]/h time

B2 ARG T 253 4 R e /Ot i 77 i 28 4k
AN S BE 2 7 Ak B ) 22 5 35 1) 3 7K1 (P<0.05).
Fig. 2 Changes of the maximal quantum yield of PSII of
Caulerpa lentillifera under different light intensities

Different letters mean significant difference among treatments
(P<0.05).

23 AEAXBTRKEFHGEERLFSHEMEX
SHH TN
Al — UL EE T, RKEEM AR EAR A7

K (NPQ)BEALFE SR 1) T & FRAGE 1. JofbE
PEK (qP)HILEHS NPQ A, 4] 120 pmol/(m’-s)
Jeum AL B, BES qP A LR M
360 umol/(m*-s)GHEAL IS, FESL qP W3 ThiE (R
2), 152 3 W41, 5 10 pmol/(m* s)Zb A AH LY, 24
FH 120 pmol/(m?-s) 1360 pmol/(m*-s) iR Ab B 5 K
ZEHI R R () AE T L AL B R (hETR) S 5 R AR o
#*1 FEABTKEEEREERUIER
(NPQ)EYZE{L

Tab. 1 Changes of non-photochemical quenching (NPQ) of
Caulerpa lentillifera under different light intensities

n=3;x £SD
fb B[] /h St/ (umol-m2-s") light intensity
treatment time 10 120 360

0 0.244+0.029*  0.245+0.014*  0.242+0.024°
1 0.253+0.020°  0.092+0.008°  0.047+0.002°
2 0.242+0.008*  0.099+0.011°  0.048+0.004°
3 0.237+0.011°  0.095+0.004°  0.041+0.007°
4 0.234+0.011°  0.095+0.008°  0.038+0.003°
6 0.229+0.024*  0.094+0.015°  0.044+0.012°
8 0.242+0.018*  0.105+0.014°  0.040+0.002°
10 0.242+0.033*  0.107+0.002°  0.043+0.016°
12 0.242+0.013*  0.094+0.005°  0.040+0.009°

TE: S[R3 7R A B ] 22 53 7K F- 18 25 (P<0.05).
Note: Different letters mean significant difference among treatments
(P<0.05).

x2 AREABTREFEREAUFEER(QP)HIEL
Tab.2 Changes of photochemical quenching (gP) of
Caulerpa lentillifera under different light intensities

n=3;x £SD
Ab B B i) /b St/ (umol-m2-s7") light intensity
treatment time 10 120 360

0 0.742+0.029*  0.744+0.019*  0.744+0.034"
1 0.782+0.020*  0.789+0.061°  0.814+0.030"
2 0.754+0.018*  0.815+0.059"  0.863+0.024°
3 0.771£0.024*  0.830+0.040°  0.925+0.030°
4 0.743+0.004*  0.788+0.057"  0.890+0.039°
6 0.683+0.015*  0.733+0.011°  0.950+0.048"
8 0.670+0.017*  0.763+0.038"  1.017+0.091°
10 0.623+0.013*  0.788+0.060°  0.977+0.062°
12 0.618+0.013*  0.815+0.017°  1.094+0.096"

e A R 3R A B R 25 57 K 35 (P<0.05).
Note: Different letters mean significant difference among treatments
(P<0.05).
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Tab. 3 Changes of therelative electron transport rate of
Caulerpa lentillifera under different light intensities
n=3;x +SD

b B ps ] /b Y58 /(umol-m2-s") light intensity

treatment time 10 120 360
0 13.94£0.22°  13.74+0.32°  13.65+0.25°
1 13.97+0.46° 9.86+0.08° 6.56%0.75°
2 13.91£0.22°  9.78+0.42° 6.27+0.36°
3 13.97+0.24* 9.97+0.57° 6.28+0.40°
4 13.61£0.37" 8.66+0.53° 5.44+0.72°
6 12.33+£0.13*  8.31+0.62° 4.39+0.46°
8 12.10£0.46" 8.06+0.66° 4.16+0.44°
10 10.86+0.45" 7.47+0.81° 3.55+0.07°
12 10.62£0.62°  7.34+0.49° 3.40+£0.37°

T AN B3R 7R b B 8] 22 537K .35 (P<0.05).
Note: Different letters mean significant difference among treatments
(P<0.05).

24 AEFEETKEFHFHRERELHEHTL

PR 2 (RLC) R /R AN [R5 T FE Al rETR
At Al ooy 3 AR BB, BIMEDEER B
BEL HURDGsE B BoRE i FOEsR BB AEROE5R

a.0h

0 100 200 300 400 500 600 700 800 900 1000

PAR/(umol-m2s7)

PAR/(umol-m2s7")

0 100 200 300 400 500 600 700 800 900 1000

rETR

BTt ERADERBY B, BT L AR 1A B RO,
RLC TR, B Myeamp B, PSIT & H:RE
&, RLC 2 PR, W 3 pios, dhFmt
[k 0 h B, FEEGIEGHREE 3N, K254
BREE rETR P BT, Z 588 — AR
BB, FEAEAOGIE A F] 453 umol/(m*-s)J5 IF
R X 120 pmol/(m*-s)F1 360 umol/(m?-s)
SR FRANRE F, HL RLC 7E 0~927 pmol/(m?s)
S5 B AR R BLIE B R R el
PEVZ%

WA RLC U4, ATLMSEIRIRRRER (o). ok
FEXT L T R (B TR )« I FIDESR (L) 55
2. R 4 TN, RFDGIRACIE 4 h F1 8 h B, FESL
o PGSR BERGINE T Rtas, L BEALIDCHE -
ThEs; 5 10 pmol/(m? s)REBRZIAH LY, 120 pmol/(m*-s)
AEBRZH tETR ey 8.3 ETF, 360 umol/(m* s)bBH4
TETR oy B S FEAER(P<0.05) . 24 AbBRASHA] A 12 h B,
b3 8 h B AL, 360 pmol/(m*+s)AE FEZH rETR jpay «
L ¥ 5 2 R (P<0.05).

257 p.4n
20 f
15

10

5

0 100 200 300 400 500 600 700 800 900 1000
PAR/(umol-m2s™)

0 100 200 300 400 500 600 700 800 900 1000
PAR/(umol-m2-s71)

—— 10 (umol'm2-s7'); —#— 120 (umol'm?'s™'); —&—360 (umol-m=2-s7")

n=3; xtSD

B3 AN[EDIGoR T 251 2 Bk e PR g i 2k 9 22 £k
Fig. 3 Changes of rapid light curve of Caulerpa lentillifera under different light intensities
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Tab. 4 Changes of rapid light curve parameters of Caulerpa lentillifera under different light intensities
n=3;x £SD
. " ” . = -
e R = I
0 10 0.308+0.015° 13.78+0.76* 44.97+4.73"
120 0.312+0.010° 13.27+0.03° 42.57£1.51°
360 0.298+0.010° 14.14+0.66" 47.58+3.68"
4 10 0.293+0.004° 15.47+0.27 52.87+1.00°
120 0.130£0.014° 20.78+0.10° 161.83+18.21°
360 0.057+0.003° 11.97+0.55° 209.65+17.20°
8 10 0.287+0.015° 17.71£0.72° 61.75+1.50°
120 0.152+0.011° 22.34+1.76° 147.84+12.75°
360 0.0510.010° 10.8142.05° 214.49+27.10°
12 10 0.283+0.009° 19.68+1.08" 69.58+4.62°
120 0.142+0.003° 19.13+2.41° 134.84+19.37°
360 0.048+0.002° 6.31£1.20° 131.82+21.04°

e AN R R A B 2 55K T i 3 (P<0.05).

Note: Different letters mean significant difference among treatments (P<0.05).
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G LT 100 pmol/(m?-s), #EfHSZbrotE T
it yield HXTHLFAZ 33 R rETR FR BOGHEFI
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.
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Effects of light intensity on chlorophyll fluorescence characteristics of
Caulerpa lentillifera

SU Xing"?, ZOU Xiaoxiao”, ZHU Jun’, HUANG Huigin®, LIU Ruoyu®, BAO Shixiang’

1. Institute of Tropical Agriculture and Forestry, Hainan University, Haikou 570228, China;
2. Institute of Tropical Bioscience and Biotechnology, Chinese Academy of Tropical Agricultural Sciences, Haikou
571101, China

Abstract: Chlorophyll fluorescence technique can provide an accurate, quick, and non-destructive assessment of
the efficiency of photochemical conversion. One of the most commonly used fluorescence parameters is the
maximal quantum yield of photosystem II (PSII) (F,/F,,), which has been shown to be a sensitive indicator of
photoinhibition. Moreover, other fluorescence parameters, such as the effective quantum yield of PSII (yield), the
relative electron transport rate (rETR), photochemical quenching (qP), non-photochemical quenching (NPQ), the
initial slope of rapid light curve (a), the maximum relative electron transport rate (rETR,,x), and the minimum
saturating irradiance (), are also important in investigating photosynthesis. As such, chlorophyll fluorescence has
become an increasingly powerful tool and widely used technique to study photosynthesis in marine algae. Caul-
erpa lentillifera is a tropical macroalga that grows mainly in Okinawa, Malaysia, the Philippines, Vietnam, and
other places. C. lentillifera is a potential healthy food with high nutritional value that contains a variety of essen-
tial amino acids, vitamins, mineral elements, and unsaturated fatty acids. In addition, C. lentillifera also contains
caulerpenynes, polysaccharides, and other physiologically active substances. It has beneficial effects for type II
diabetes and cancer. C. lentillifera belongs to the marine benthic green algae, which are very sensitive to high light
intensity. Light intensity reportedly has a significant effect on the growth of C. lentillifera, but the effect of dif-
ferent light intensities on the photosynthesis process of C. lentillifera is still unknown. Therefore, there is a need to
better understand the photosynthetic characteristics of C. lentillifera by investigating the effects thereon of differ-
ent light intensities. In this study, the chlorophyll fluorescence characteristics of C. lentillifera were investigated
with MINI-PAM chlorophyll fluorometer under the light intensities of 10 umol/(m*:s), 120 pmol/(m*‘s), and
360 umol/(m*-s). From 10 pmol/(m*'s) to 360 pmol/(m*-s), the maximal quantum yield of PSII, the effective
quantum yield of PSII, the relative electron transport rate, and the initial slope of rapid light curve of C. lentillifera
all decreased with increasing light intensities. The samples treated with light intensities of 120 pmol/(m”-s) and
360 umol/(m*-s) had higher photochemical quenching and lower non-photochemical quenching than those treated
with 10 pmol/(m?-s). The minimum saturating irradiance increased dramatically and the maximum relative elec-
tron transport rate decreased sharply in C. lentillifera under 360 pmol/(m?-s), but both were significantly higher
under the light intensity of 120 umol/(m*:s) than that in samples exposed to the light intensity of 10 pmol/(m?-s)
for 4 h and 8 h. The minimum saturating irradiance and the maximum relative electron transport rate was substan-
tially lower in C. lentillifera exposed to the light intensity of 360 pmol/(m*:s) from 8 h to 12 h. These results sug-
gest that C. lentillifera is a kind of seaweed adapted to a low light intensity of 10 pmol/(m?:s), and that it could
improve light tolerance in different ways under high light intensities of 120 pmol/(m*-s) and 360 pmol/(m?-s), but
light intensity of 360 pmol/(m?-s) for up to 12 h could cause photo-oxidation and damage its photosynthetic structure.
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