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Tab.1 Red tide of Skeletonema costatum from 2013 to 2017

A Year KIHFIR Sea area i [EHY[A] Beginning and ending time AL Area/km?
2013 PRI ZN e 7.50 ~7.80 154
TR 8.90 ~8.13 113
2014 TR LR S 7.21 ~8.13 140
2016 RS sans 8.16 ~8.21 2 000
TLINE 2 U5 5.17 ~5.19 100
2017 s 6.20 ~6.26 180
BLAHIRRR 7.70 ~7.11 100
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SCEEAE BT TSR B2, MG BRI BE IR 2k 3 A
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A FRT ol 4% T A K R 4 32 9 1 ek 1
U, L0 A 488 7% F U1 B 4 8 1 0 1 % 2 WL i A3t
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U BPR ik

1.1 g

BERBESRALR A £/2 B Rk BRI ER A1, 1
MRdh AEE R R TR Wk 2 B AL TSm, H
b AR 0 882. 35 ol L, SRR L7 1
70.1.1.10 wmol/L 3 ANEHIE . B3k fir HIifE K
WAL E, R 30, K&t fL1E 2 0. 45
o 8 B UG A . K R RE IR A A R &
121 °C 5 R 281K I 20 min, T A7 32 A R L3
KRGS Prds = AR S i & & B KA
. BEIGFREIE L 12 he 12 h A G
FIBR IR & Tk B 4 BRS8N R BB EE . T
A LI R G FR 2R KB,
1.2 LHEHEESHEFERE

AL T8 B K 0 v ) B A TR R
S, B LAy e IR KT B SR A 4 P AR
T T R A Y R VR B e R 10 % 107
cells/mL, ¥3R A4 1 000 mL = ff B, &
600 mL PEIK , B 2H S HF-ATAE i 2 A, B K[
][] 25 S R 3 UK, TERE FR I A5 0.3 .16 .9 (12
FRIBOREI P U B AR BEH AR R a MR BRI R 58

TS, MR IOESE (3R 2) M- R 2Ok
{L (PHYTO-PAM WALZ) B 2 mL 30 22 , &4
A O Je D o e K 77 it FL/F, Z e AT
BOGHZam e , WAL & 53] o 7ETR,, T,
PREOCHT LA G TR

P=S,/(axSpu +bxS,+c) (1)
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Tab.2 Chlorophyll fluorescence parameters

Parameter Meaning
i RUACH T 1, AR
o BB, R TE RO B e
N /e, YraE i pisast =,
SN E e B X G RE R A R
1
rETR,,, (b+2x Vaxec)
TR AR v Tl %

rETR,,./ o 2B HDETR

1
K T TS RE X B AT 52 i

1.3 EXKEEIT

IR | Ot BRI B R R W 3 A I
5, 2 B PP 8] (9 52 AR AT, IR R R £
IKFBEE 27 LUE AR R T 1F1 7K SO0 i
BRER UL, BEE AR (17 °C) GEHE(23 C) &
195 (29 °C)3 ANl BERBIE ; FR7E P i AL A I 9 i
GBI (0. 1 pmol/L) o 1 85 R iR 40 (1
wmol/ L) B SR Eh 14 S iy AT s S R ALK
B (10 wmol /L) 3 AN BE 3 6 JRUK T 1 18 oy
MEEETHERAN 2 = B IR TAEZK R 0.2 m 52
WA . SR LI8(37) IEAC YL 3%, IEAC S50 A
MK 3 P
1.4 HiESTELE

HI T HR AN, % S 2 P T 2R R
AR 22 SR, JCIk e s SR M ) 0 — ok
A RARDL , HOAR SCREFE T 2 R 2 FERG IR
(6] B Fr = (ELAE M AR (AR R a W fED) o Bl 2
AFATRE S (E, X B 2t AT B R 07 2203
#r ( One-Way ANOVA ) Fil 2 [ &K J5 2 4 #r

( multivariate analysis of variance)
4+
2 4k

2.1 MMEEFXMEE a IEERRIT
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®3 EXZTEFE
Tab.3 Orthogonal experiment table

F5E Number IR (A) _ HEHE(B) BEREE(C) 4R a I (H
Temperature/ C Light/[ wmol photons/( m? + s) ] Phosphate/ ( umol/L) Chl.a,,/(pg/L)
1 17 80 0.1 223.44
2 17 120 1 350.49
3 17 160 10 979.25
4 23 80 1 359.76
5 23 120 10 2 280.85
6 23 160 0.1 234.91
7 29 80 0.1 173.92
8 29 120 1 342.55
9 29 160 10 923.89
10 17 80 10 1 867.79
11 17 120 0.1 206. 35
12 17 160 1 459.60
13 23 80 10 1 845.09
14 23 120 0.1 227.38
15 23 160 1 420. 10
16 29 80 1 312.26
17 29 120 10 1 280.50
18 29 160 0.1 181.11

T, R B M R a W Y i HR(C) >R (A) > (A xB) >HEM(B) >
R a RSO E XN PR R E (BxC) >(AxC)o M2REE a WEEALE 23 TRl
WS , TR AR 2 5 B R R dE bR 2 —o W, 7E 17 CAI29 “C 43R a WL ALK, 80 11
PR PR35 DR (0 S A 5 (3R 4) RLERLIPE 120 mol photons/ (m” « s) JE3 R IF4- 5 a 14
CPELL) TR, X203 a W (E 7 AR AR 520 (HM T 160 wmol photons/ (m” + ) JE 3R (i -4t
W B ER WL (P <0.01) , T BEFDE IR L 3R a WRfE, M2 K o W BE W R #h W 2 T iy 1T 1.
e 18] B 58 HAR B AR = A AR . F A R

PRIE IR 7 e A2 HAR 42 52 00 /MR O i TR

F4 MERaEEHFENTR

Tab.4 Peak value of chlorophyll a variance analysis table

F{H
P Factor WEE(A)  JBM(B) iR (C) i FHH o =0.05(a)
Temperature Light (AxB) Phosphate (AxC) (BxC) Critical value Chl. a,,,,
Chl. a,, 2.33 1.57 1.85 37.04" " 0.15 0.15 6.94

{E: Chl. a,, URMERER a ISFIRGUELE; ~ " RERILEE P <0.01;1E5L 5007 2200t B x C A hin 2251

Notes: Chl. a,,,, represents the peak value of chlorophyll a; * * represents extremely significant, P <0.01; B x C is used as the error column

‘max

Hi 1 2 Al 0, BEPRERMEE y 10 pmol/L 25 WRIEWE(EIYIAF] T 1 000 pg/L DL Fo IIACHTE
TR AR SRR a YR EE IR (923. 89 ~ 18 ZH S 46 b, v il B 25 B 7E 80 ~ 120 mol
2280.85 pg/L) B#FHE T 0.1 wmol/L. 1 wmol/L photons/ (m” - s) .10 wmol/ L 514 AR BE & FF R
BERRERVEBE T P B AR R 3R a WREEAUAAE  ENEEE . (H S92 BRIAE RO ) K AR I BEIR AR R T 4
(P<0.05), MEE a WEREHLEIFZER T 41 pmol/L ZEA45 1| HASLIG Pl R ER I H 1
KA N AB,C (925 5,2 280. 85 pg/L) . pmol/L 1y 6 ZHSLHG , KBIM 4R a M BETERE 7 1]
B A0 8 B0 KT, HL O AL B G, (B2 5 10, IR fE A £ 400 pe/L, 202 B ik 5 3. 45 x 10°
1867.79 ng/L) \A,B,C, (5255 13,1 845. 09ug/  cells/mL, ARHE AR A W ECR FIWbRE"S , ATIAE
L) il A;B,C, (525 17,1 280.5 pg/L) ,M4EE a Sy eh A SR
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Fig.1 Main effect diagram of environmental factors

on the peak value of chlorophyll a
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TEEH 0 ~ 12 RELFREE TR, B oK C By
0, 3f i 238 a MR 284k (18] 2) W], e i 4
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TE S50 39 18] 0w W2 30 HETE R P4 v B B AR 6
FIHR, B A ATIE, 10 pmol/L Fl 1 wmol/L
PERRERVREE T o« B 3 K BT, Z )5 TR ETE
—EKI,10 pwmol/L A1 1 pwmol/L RN E T
) o FERG IR AR ZA K, 73520 0. 08 ~0. 16
F10.04 ~0.14, 10 umol/L WERERIEE T W) F./
F, 7555 3 Ris$|E{H (0. 37 ~0.57),3 KJg T
Fe, 755 6 R BB R R WAL T 8k € R &
(0.28 ~0.45) ;1 pmol/L BERERWRE ) F /F,,
TERT 3 RIS G FTHEAE TR80E .3 RIGIHGET
[ 35 3R AR B AL T 0.03 ~0.27,

1pmol/L
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A, B and C represents temperature, light and phosphate respectively; Subscript numbers represent level; No. represents orthogonal
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Fig.2 Changes of chlorophyll a concentration at 10 wmol/L and 1 pmol/L phosphate concentration
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Fig.3 Changes of chlorophyll fluorescence parameters at 10 pmol/L and 1 pmol/L phosphate concentration
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2.3 FREERFHHFRRRAESHHZMm

A FREE A FXF 10 wmol/L 1 1 wmol/L
FRERRTE T v B AR B H 2 R 9O S B AT
T2 00 M, A% 26 B ) xF 100 wmol/L (P =
0.019) F1 1 pmol/L(P =0. 041 ) BEREE vk JiE oy
W& R F/F, 7T BER . o RSO
R A0, 10 wmol/L SR ELWREE R, F,/F,, 1E 160
s) L T, 78 80 F1 120
s) OG5 T 7E 1 pmol/L
WETRER M T, F /F,, 7E 120 pumol photons/ (m” -
s) o il
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Fig.4 Main effect diagram of light on F,/F,
at 10 pmol/L and 1 pmol/L

phosphate concentration
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HRWEE RN AE, AWk LR AL T 3h 1k
Hh s BR T P8 S B vl S TR KR 5 R Y B IR
AP T, XS PR ZR R A NS R B AR A R
PER 5 R GG = A2 T e A R B 2
SR BRI RT

4 g
FRAERFY], P A BEAE 10 wmol/L B

http: //www. shhydxxb. com



352 (S R T E Sy N4

29 %
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Effects of environmental factors on growth and chlorophyll fluorescence
characteristics of Skeletonema costatum

SONG Yating, LIN Jun, SHEN Min, GUAN Yingying, LIU Hongsheng
(College of Marine Ecology and Environment, Shanghai Ocean University, Shanghat 201306, China)

Abstract; In order to understand the effects of temperature, light, phosphate and their interactions on the
growth and chlorophyll fluorescence characteristics of Skeletonema costatum, each environmental factor was set
at three levels [ Temperature; 17,23,29°C ; Illumination: 80,120,160 wmol photons /(m® « s) ; Phosphate
0.1,1,10 pmol/L]. Using L18 (3”) orthogonal experimental table and considering interactions between two
environmental factors. The changes of the chlorophyll a concentration and photosynthetic activity of
Skeletonema costatum were studied by indoor culture experiments. The results showed the chlorophyll a peak
value of Skeletonema costatum could reach a higher level at 10 wmol/L phosphate concentration. The optimum
combination of environmental factors was 23 °C, 120 pmol photons/(m” + s) and 10 wmol/L. Phosphate had
a significant effect on the chlorophyll a peak value of Skeletonema costatum (P <0.01). Temperature, light
and the interaction between environment factors had no significant effect on chlorophyll a peak value (P >
0.05). Tt was found that Skeletonema costatum had higher photosynthetic activity at 10 wmol/L phosphate
concentration. But the photosynthetic efficiency « showed no significant difference with phosphate
concentration. Light significantly affected the maximum quantum yield F,/F (P <0.05) at 10 pmol/L and 1
pmol/L phosphate concentrations; The F /F, of Skeletonema costatum was higher at 80 and 120 pmol
photons/ (m’ + s) while the phosphate concentration was 10 pmol/L. The F,/F, was lower at 120 pmol
photons /(m” + s) while the phosphate concentration was 1 pumol/L.

Key words: Skeletonema costatum; chlorophyll fluorescence characteristics; chlorophyll a concentration;

orthogonal experiment
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