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W AR FUAEEI 7545k (Caulerpa: sertularioides) =K HIRZM, SN SRR . JE R FOG IR R B T 4k B B A A
MR R TOCSRAT TR S5RRW: R H R E 4 KR (SCR). A E T/ B (F /Fr) SERROEARER(Yield), H 1%
T 2R (ETRY RIS Ak 2 7 K (P B #h B T i S5 LTS R BRI AR A ke, JEafb 2 K (QN) ] AR ARt fa s, ok &
T R ] B S R AE B 27 5%olT A BB iy, HLA5 25%0F1 30%0%h 5 ) 25 57 18 25 (P <0.05, n=3), #14& SGR. F,/Fn. Yield. ETR
A1 P FEIR BT m i NI, oN WARSC, SO EIE VAT B RO AE 26°C Mk Bl S, A5 28°CHI 30°C Yzt B3 (P <0.05,
n=3). #AK 1 SGR. Fy/Fr- Yield, ETR A1 qP B0 B R TH R 2258 BTHE R RIS, gN AR, HL7E 18.75 umol/(m? s)
56N LR ORI, R K A T R [ B OR AE O BB 25.00 wmol/(m? s) B A B R, {H 55 18.75 Al
31.25 umol/(m? s)ff) 2 AN 3 (P>0.05, n=3). Kt %I IREEAE 27.5%0 35  26°C Al 25.00 umol/(m? ) a5 N A Ko dp b
HotAEERRe 15

REEA: EPRIREE: MRERVOCSHL R, B R bR
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Effects of Salinity, Temperature and Light Intensity on Growth and Photo-
synthetic Activity of Caulerpa sertularioides

ZHONG Yiyun'*' YANG Yungi®®, GAO Xiaofeng®*®, XING Hao'™, LIU Wei'*,
DUAN Yuanliang™**?, HE Wenhui**3, HE Peimin®****

(1a. College of Marine Ecology and Environment; 1b. Institute of Marine Science, Shanghai Ocean University, Shanghai 201306, China; 2. Sichuan Fisheries
Research Institute, Chengdu 611731, China; 3. National Demonstration Center for Experimental Fisheries Science Education (Shanghai Ocean University),

Shanghai 201306, China)

Abstract: In order to explore the effects of environment factors on growth of Caulerpa sertularioides, the
changes in growth and chlorophyll fluorescence parameters were studied under different salinity, temperature and
light intensity. The results showed that the specific growth rate (SGR), maximum light quantum yield (F,/F,),
actual photosynthetic efficiency (Yield), electron transfer rate (ETR) and photochemical quenching (gP) increased
at first and then decrease with increasing salinity, while non-photochemical quenching (qN) was opposite. The
photosynthetic activity and carbon fixation efficiency of the algae under 27.5%o salinity were the highest, and
there were significant difference with those under 25%. and 30%. salinity (P<0.05, n=3). The SGR, F,/Fp, Yield,
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ETR and gP of the algae decreased with temperature rising, and gN was opposite. The photosynthetic activity and
carbon fixation efficiency of algae under 26°C were the highest, and there were significant difference with those
under 28°C and 30°C (P<0.05, n=3). The SGR, F,/F, Yield, ETR and gP of the algae increased at first and then
decreased with increment of light intensity, while gN was opposite, and there was slight photoinhibition under
18.75 umol/(m? s) light intensity. The growth, photosynthetic activity and carbon fixation efficiency of algae were
the highest under 25.00 zmol/(m? s) light intensity, but no significant difference with those under 18.75 and
27.5 umol/(m? s) light intensity (P>0.05, n=3). Therefore, it was suggested that C. sertularioides could grow fast
with high photosynthesis ability under the conditions of 27.5%o salinity, 26°C, and 25.00 umol/(m? s) light intensity.

Key words: Caulerpa sertularioides; Chlorophyll fluorescence parameter; Specific growth rate; Salinity;

Temperature; Light intensity

KAV RIS RGP VI A 7=, 18
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IREIRAE, AN H Tl B B ROK IR
&, ITAE AR PRI I AR T s T AR
FAWA, R R E Kb kRS, — s AW
FAME R RBUG N K, . ANEUE AR S KRS
HAGEASL. MK BRIR . HEgEESK
R =R N R S Al
(Caulerpa sertularioides). A2 Bki#(C. taxifolia). K
L7 & R BE(C. lentillifera). A ZE(Ulva lactuca) s,
Horb, B BRSO W, IX SRR A BRI

M AERFDEETETE AR, OY4 a4 R it
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1.1 BAESRIZAE 7R %M

%t % 4 (Caulerpa sertularioides) %4 T i i
A FEFX . K& R IGRIZ s B S5
=, NG R EREKEATIEE, ZBREEAR LR
FIFEED o A IRAE 25%0 5B+ 25°C AR B
25.00 umol/(m? 8) T & . 43 7 d 758 3R 4t

WOEFREL . BRI SEASTIRE, R X AA R
R ELANE -

Bt Bk 8 SR 8 T 4% 3 11 (Chlorophyta) 2 i 4%
(Bryopsidophyceae) i 5 £} (Caulerpaceae) ik i J& , #
PR, T30, BFRPIEEE, FEIRE RN
AT R R R, AW EANE, H
AR, MO TR R I — Bl 44 B R
M. AR, MEHERE ) ER, HHR
A5 — R B A K5 S ATt I B 958 7 2 B 20%0~
40%0 FH16e4 KL, Mosquera-Murillo 2513 7 £
JE 15%0 R/ IR RS & 15 R R &R T
R, EFMEREEAE 25°C~30°CHAE K RAF, EHEM
J6 By 25.00 umol/(m? s). LEAR R 26 1F
B b R T ) 4 A 7K B 20K R T R 2 2 R R R A
i BLB% 3% (Eucheuma denticulatum)®, N\,

RSt At P R B 1) A KR 77 ER AU R 0 S5 T i S ;
TR T — i 7, AR WA HAERFEAREIL 1kttt
PR CEIE I BORIE FOAR A o T B R O B Fig. 1 Surviving culture of Caulerpa sertularioides in the aquarium
BTz SR Tl K M FEAKRF Y, AR TS A L
N5 #8285 0 HR BE X4 £ (Amphiprion ocellaris) %5 11
BEEAFEME, HRE RN RS LET

B A R (I 1).
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FHH BRI R ISR A, AU KRR A A BT
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HUEESE A AR A, KB N(1040.50) cm. B &EA
(140.50) g, JNEEFA 1 L N LK B 5 Hl 1R T35 3
BT R RBIERTR, MGG B E M % (Hoa-
gland) K5 R . 15 9% 45 2% BB 1E L I B 746 (HGZ-
400N, iR, SLRE L g =12
12, WEAFMEKIEE. B IR TR
5o WRIGEIAN 15 d, &5 d H# 1L kBRI A
TG AR K A (RS A, g SRk ) P 1) A A6
H 2 R VIR I A AL, IR E S %

RIG W BT, . JEMEERE 3 NI EE R
T, BB FE 3ANKE, BRI 34T
Eh By HIVEE 25%0 27.5%0F1 30%o0; TELIE 4> B E
26°C.28°C #130°C ; el 58 5% 43 i1 ¥ & 18.75.25.00
A 31.25 umol/(m? s). J= PR 71 B ik L A PR 85 4%
543 ) ¥ 5 N R 27.5%0 Ui P 26°C RN G IR 5
25.00 zmol/(m? s).

1.3 BEAEEKNREAKENE

FEBE 5 d KA 1 REEAA, HWR/KAL 23000 2
KK EWER R E, HitE AR EEKER
(SGR). SGR (%)=(InW;—InWg)/T x100%, X, W,
AR SEAR AL s Wo A B IRUSCER ()8 AR
Vs T J9la] bR IE .

1.4 HHEHFRRIESEN E

EEih R R 15 d J5 , SR M2 &R %561 (Dual-
PAM-100, Walz Germany)ll & fHo< S5, EEAARFE 5
2 15 min B0 E SR, 19 2] m/NROUER)
KA (Fm)~ B2 RGME(F) TR R AE(F'm)
Fg NRACAE(Fo) o THE A PS 1 S KOG 2E 0%

30r — 25%o b
27 .5%0
2.5+ == 30%o

2.0} 4

it JJi it Fresh weight (g)

b
a
0

a
1.5 2
3 . A . a a
1.0}
0.5
0
0 5 1

(Fu/Fr)s SEPrigF =& (Yield). HF{EISEHZFEETR).
Tt AR (QP) AR YA 2 K (AN) e Fu/Frn=(Fm—
Fo)/Fn, Yield=AF/F',=(F'n—F)/F'n, ETR=PARX
Yield=0.84%0.5, qP=1-(F-F',)/(F'm—F’,), gN=1-
(F,m_F/o)/(Fm_Fo)o

1.5 FIRBGTHRS T

JIi 45 %45 8 F GraphPad Prism 7.04 4b ¥ 314
{8 SPSS 23.0 AT HLIA 2 75 22 40 AT o SRS HaR DA
B8 HhrE R ZFRoR, DL P<0.05 RoREFEE.

2 R

2.1 XFEREEE i vie) B2

HE ME2WIW, fEEE 27.5% FHFFE 154,
AT RER B T 1.69 g, H SGR BEEFER
/K, 1K(6.3540.67)%, i3 T H AR E AR
(P<0.05, n=3). fE£h ¥ 25%0 A1 30%0 F1%9% 15d,
PSPt R AR T 0.91 g, H.0~5 d 44 ) SGR
HH5 1.88%, i EK T 27.5%045 & (P<0.05, n=3), 0~
10 d f#) SGR #2758 5.10%~5.24%, 0~15d f{] SGR
X 4.06%~4.43%, ULHIEEI BREEAEERIE 27.5%0 T
KA

BE  MNE3WI, 7Rl 26°C 7 154,
SR EIR R 1 2.10 g, SGR ik(7.11240.13)%,
BEE T HARE A (P<0.05, n=3). fEIEE 28°C
A 30°C FHEFE 15d, FEASTFIEE R B 5 2.22~
2.68 g, 0~5d ff) SGR 4 5.80%, 0~10d fJ SGR ~
W%, N 4.73%~5.54%, 0~15d ] SGR 1A 4.10%~
4.72%, UiPHEN T EREEAE IR T 26°C M A K AR

SGR (%)
=
T

15
e 1] Culture day

5 10
HEFRINE] Culture day

P 2 AR LR i R A A AT R 2 K FE(SGRY) . AR RIS IR R B B AR 7 B R 22 57 %% (P < 0.05, n=3). FIEIA,

Fig. 2 Growth and specific growth rate (SGR) of Caulerpa sertularioides under different salinity. Different letters upon column cultured the same days indicate

significant difference at 0.05 level (n=3). The same is following Figures.
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6 H BhiR A 5E EhE
15 a
T =26
28
& 30r o307 a
E 25+ a
en
3 a .
; 2.0 a
[
=
= 1.5 a a a
g 1.Of
= ost
0 <
0 5 10 15

i's‘"ﬁ;"r:-H']'ﬁ 1] Culture day
P 3 AN [EJRBE R A it v 1y A A H R 58 AR K% (SGR)

Fig. 3 Growth and SGR of Caulerpa sertularioides under different temperature

FeEEEE MWE 40, ERFEDEIRGRE T
Rig% 15d, #EKR1) SGR Z 7 A3 (P>0.05, n=3),
HTEYGCIE RS 25.00 umol/(m? s) T I3 i A= K e bk,
S #4452 MA(0.87 #0.04) g #2155 #1(3.2440.70) g,
SGR f5 , 1%(8.67 1.25)%; J:7k Jy 31.25 umol/(m? )
JEHEBRE , 5557 15 d AR F A e SR = T 1.85 g,
SGR H(7.70%1.12)%:; 18.75 umol/(m? s) 't H& 5 2 )
A, 53R 15 d BP0 T E A R 1.54 g,
SGR 1Y H(6.9540.46)%, it BH &1 I ik 78 7 )l IR 5in i
25.00 umol/(m? s) T 4 KAt 4t

[ == 18.75 gmol/(m*s)
3L w2500 gmol/(m®s)
' == 31.25 umol/(m®s)
25k

2.0+

15f a L2
10F 5 .2 a
‘”N

)

‘ 0 5 10

Fi#EmS i) Culture day
B 4 NIRRT S e s i AR AN F R 2 £ K %2 (SGR)

ff fJi i Fresh weight (g)

10 15
FegE T Culture day

2.2 JETH X FRSE e B

STEEERIMR. MK LTI, 7 25%0~30%o
ERE TR TSR — e 2R, HARE
(P>0.05, n=3). AN[EEHE AR Fy/Fy A 0.75~
0.79, Yield Jy 0.52~0.61, ETR }y 40.75~48.55. &5
EREE 25%0AH L, 27.5%0 £k B T35 Fy/Fp Yield £
ETR /357 & T 4.32%. 18.74%7F1 19.14%; i 24£h
J¥ 9 30%oitt, “F34 Fy/Frs Yield AT ETR M43 51l FAR
T 2.28%. 8.00%F!1 8.25%. iX % HHEFH BN
RUORAEERTE 27.5%0 N, 25%0sh M EAR. #hE

10
Fig#R[H) Culture day

Fig. 4 Growth and SGR of Caulerpa sertularioides under different illumination intensity

F 1 AFEZEE TEH BN Fo/Fas Yield, ETR. gP i1 gN

Table 1 F,/Fy, Yield, ETR, gP and gN of Caulerpa sertularioides under different salinity

Z:¥ Parameter 25%o 27.5%0 30%o
Fu/Fn 0.75+0.01a 0.79+0.02a 0.77+0.00a
Yield 0.52+0.05a 0.61+0.03a 0.57 +0.06a
ETR 40.75+3.89a 48.55+2.05a 44.85+5.16a
qP 0.69+0.09a 0.79+0.02a 0.75+0.09a
gN 0.06 +0.01a 0.05+0.01a 0.05+0.02a

FAT 8 G R fRR 27 8% (P<0.05,n=3). TR,

Data followed different letters within line indicate significant differences at 0.05 level (n=3). The same is followed Tables.
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27.5%o 1 FER P oP i, #hIE 25%0 1 B Ik
T EEAAR -3 gN AR B, DAER RS 25%0 8 o IX
Ut BIAE R FE 27.5%0 N EEAR GG P B oK HAAFE B
BN

SHEBEFIMRL R 2 Af 0L, EARRROLS
BAE 26°C~30°C IR — & Z 57, (HAEZE P>
0.05, n=3). A[RNEE T #EARM T Fo/Fn o 0.77~
0.79, Yield Jy 0.55~0.61, ETR Jy 43.15~47.50, 5
26°C Lk, 28°C F#AANIFYY Fy/Fy. Yield F1 ETR
SRR T 2.79%. 6.69%F1 6.11%; M 245 & T+
£ 30°CHF, FEEARMFY FolFo HEAARAE, Yield
ETR X FB& T 3.01%F1 3.36%. iX 3¢ HI%FH- 5 1)
J6E AR 26°C T i, HFBEIRE BRI T FE.
PRI P 1E 26°C N iR, HBEIRE BRI PRI
TR gN A, DL 26°C %, FFBEIR
FE b e . IXRITE 26°C R, HARYG A iE
K HIAFERT D

XORRERERMWEE. K 3 WL, AR
ZHAE G IR IR 18.75~25.00 mol/(m? s) F F H

% 2 KA EE T &M B Fy/Fr Yield. ETR. gP fll gN

—EES, URKETF-RE T %5 (P<0.05,
n=3), HASHMERHYALE . RECERE
AR 45 FylFr o 0.74~0.79, 6 R GE 54 25.00
1 31.25 umol/(m? s)iFf 144 0.7940.02, {H 't [ 55 i
18.75 umol/(m” s) it & 3% 2 {iK (P<0.05, n=3), 1N
0.7440.001. ARG 5E B T BAR K13 Yield
0.54~0.62, ETR }y 42.45~48.80, 5 18.75 umol/(m? s)
FHEL, JGHEEREE A 25.00 umol/(m? )i, AR )
¥ Yield A1 ETR 43t 51 1 14.98%F1 14.96%: ifii
SR8 A 31.25 umol/(m? s) I, B 44 (19735 Yield
AETR M43 HIBEIL T 4.30%F1 4.61%, FBIEFIH L
PG E RAE IR R T 25.00 umol/(m? s) R 5t 1,
5 31.25 umol/(m® s) M, TIFE 18.75 umol/(m? s)
o6 R BN EE RO A 1R 2 B R A . 7ROk
MR 31.25 umol/(m? s) F M4 oP &,
18.75 umol/(m® s)f1EeA%; T F% N WIAH &, LA
18.75 umol/(m® s) [ 5, IX W 25.00 umol/(m? s)
JEIRGRAE T, A6 A G 1 oKk HL AR SR /D,
M 7E 18.75 umol/(m® s) T EEAK G R4 fE J1 8t i

Table 2 F/Fn, Yield, ETR, gP and gN of Caulerpa sertularioides under different temperature

24 Parameter 26°C 28°C 30C
Fy/Fm 0.7940.03a 0.7710.02a 0.77+0.03a
Yield 0.61+0.03a 0.56+0.01a 0.5540.02a
ETR 47.50+2.26a 44.60+0.71a 43.15+1.48a
gP 0.79+0.01a 0.75%04a 0.73+0.04a
gN 0.07+0.02a 0.10+0.01a 0.10+0.00a
3 AFEDCHEGREE T B BRI Fu/Frny Yield, ETR. gP 1 gN
Table 3 F,/Fn, Yield, ETR, gP and gN of Caulerpa sertularioides under different illumination intensity
23 Parameter 1500 umol/(m? s) 2 000 umol/(m? s) 2 500 umol/(m? s)
Fu/Fm 0.740.00a 0.7940.02b 0.7940.02b
Yield 0.54+0.01a 0.62+0.07a 0.59+0.03a
ETR 42.45+1.48a 48.80+5.52a 46.65+1.91a
qP 0.74+0.04a 0.79+0.06a 0.76+0.03a
gN 0.07+0.01a 0.04+0.01a 0.04+0.01a

3 MR

3.1 ARKEMARR

R R A A A T R e e MR AL K P
T, RO B B E SRRy, LS A AT
KERVEFREL, BONHFEES RS EEZ AR
Wi, TR A A A O,

R R S A K R R T, kPRl
(FIRIE T2 2 B4 B PR TR £6 35%0 2B KA, SGR
AJ74(3.0840.44)%; Mosquera-Murillo 251\ F:
TEERFE 25%0 NAEKHH, SGR ik 4.82%. A 7T4%
HRB, (R 27.5%0 NEFH B AEKEREK
Zi K, SGR HiA(6.3540.67)%. i JE A& fmi KR
dEEER s R EE R T, g sl Rk
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B, AFIBREEAE 25°C~30°C HIZE KB, AWFF
ERH 26°C B F I Bk A K B T, RESR RS LT AR
B G RER R R A KR B I L — BB [T
XA 04 R S AR 2 B BB, AT
T R, YRRy 18.75~25.00 umol/(m’ s),
BRI B R 1Y) SGR il 6 AR 5 T i 4 0, 25.00~
31.25 umol/(m? s)iFf SGR i ) IR 4 & TH v 1 1%,
X5 e R R e 45 AR, EDGTR 9R 2
s HAK,

3.2 HERRASH

M43 27 6 2 U Re % I B R A - 44k PS 1 AN
PS I (FZ52 PS ) HGREM USRI A& SR HIuE
PR, RO HOAR 2 N TS R RS2 R 7
YA R szt 0,

FulFm /& PS I (R KOG BERE AR, BRIk
e, 2 EHT PS I K a5
Wi, 2 2 A P 32 A B D A, SR
TR PR T RO, T A T e SR N R
WEEE FIFL e/, AR, HhEX=E
Wi (Sargassum fusiforme)&ffA . H- A% = 8 (Chae-
tomorpha valid)f] Fy/Fm 52 WA & 2 (P>0.05)12% 24,
AARIG T, EFBREEN Fy/Fn N 0.74~0.79, X KA
HEFE BT TR P22, i B0 0.75, FEAR
T 0.70. # AT Y ARIE AT - R 7E ' R ik
18.75 umol/(m? s) T %2 2| 7 & BOBIN S, 1763 4
I TR AR R IE, I RZ R M.
TEANFKFER 3 MR T T, AN F/FL R
H—E 2R, 2HITE 27.5%0 5% . 26°C Al 25.00~
31.25 umol/(m® )6 IR R I T ik Bk, HoG IR as g
ST R B Pl P BEM K, 1% 45 F FHBHZEPHA
R T R Y T o Ol R R R AR A B A R )
W Fe4h R L

Yield &% PS 11 LR fb 2230, RBOLRT
PS 11 5287 A O 20 < IS O SEBR e A 24 3% s ETR
P 2SOl Sl | I OF 12 D 2 e e o 2 A < R O
W, ETR 564 B4 CO, (1 [ i i % 5 2 6
R, AR, 7R 25%0~30%0 JtHE 18.75~
25.00 umol/(m® s)I}, #EAAFK) Yield T ETR B 6 % 5%
SRR B R B E PRGBS BEN
26°C~30°CIf, AR Yield A1 ETR I FHRE FTF
M RBE. A0, EERFE 27.5%0. 26°C Al R o i
25.00 umol/(m?® s) T REMSHR w4 H R TE PS 11 HL 4%

IEVEPE, NI IR B e [ R %

QP AL VER R, A& PS 1R g 2
FRHAT A RG], R A R
gN AR SR 2B R PS 1) g B RE R
RRE WG, 5 AR P FE S O B N I E
(e J1, BIafRdmag P8, ARit o, AR gP
b 6 B ARk ) R A N ER P 25%0<30%0<27.5%0, Bl
T AR (e %4 0y 30°C<28°C<26°C , i it [ oif i
[umol/(m? )] A2 AL I #a %4 )y 18.75<25.00<31.25. 5
gP AR LR S, A4 N B RS LT 2 e TS
b, BEIRFE B B, BEOGHR R FRC R RS
FF, RULEIRFE 27.5%0. 26°C Al 25.00 umol/(m? s)
FEHRRE N, BRI DG AR ROK, @I A
BB R MReE R D .

ZE FRTR, EFrF R R 27.5%0 26 C A
MBS 25.00 umol/(m? s) T fI Eri M B [ i ke 2
R, PFERERIBERRD, R AEK R A
BRI T KB e A O R,
AR ZAT FEF R A RE S, W20
S T BT BREERT B BGE IR, AR A
FBEE 1 B4l

7% 3R
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