¥ 5 o % o M

Spectroscopy and Spectral Analysis

$33% , 4 M) ot i
20134 9 A

Vol. 33,No. 9, pp2443-2447
September, 2013

ETHABFSRARARNEZREYASIEREERCNET A

5\(” E%l'za ;‘(]JX%Z, ﬁﬁ—ﬁ;‘)j‘:“ ’ %ﬁigjzs %%{\2’ E/)th’%‘jj27
WEX, TXEN, EHEES, B#EWK, FBM°, 7 W

Lo E B 2R R Y 2 B 5O TRER . Z# AL 230023
2. P EP B S R E ST P E Bl B L RO UM T, LR B 230031

B E REFIHEYERFEDE T PO SRR, UF5 T i SR VORI W YO0 & 1F R IR BT ke
S BRT R B (R SRR GOBME FoOM F EBGE B Y O6S TS PR ik . DUROK WA it Y
H R /N R L % T AR TR /N B S S Xk R TR I kAT A B R S 3 KR 5 Y
A 25 SR AT X LE AT . BRI L E /N EREE L A /) B R A % A 28 1% TR 2 K AR 2 I A O R
Ko 0.977 8, 0.867 8 1 0. 776 8., HF 5L Ay itk — A5 52 BUK A i AL 06 A 1 P i ) Rl o 5 Do )

RM;ET I

KRR RALOHT FWEY s MR a; SCAEM WWHIS

FESES: 0644.1 XERFRIZED : A

5 "

IS 3 G o AT BORAE R ) A B 2 R AR S AR I A
I BB . IR BT A AR 5 0 2 M T B T 4ROk
PRBETG Qe i s R R R R SR AL T BOK AR B4 0
B U ) DRk B 0 A5 R B A T K B T e T
1% 5 TR R 22—+ 300 472 SR AR 5 0 0 1) 0o K AR 3 90 A ) 4
A AR DL HEAT S I I U o R A E T R A Y
) 3 20 5 DL 685 nm A AR a SRR RE I ORI 9 4%
Tl P U7 L0 119 5 S B8 R e B R ALE AT 1 43 I R, ST
TR A AR S B R RO 2 2 T BE . AR R BT AR F
FE/NLTE A= B2 A 252 SO R SR YO SR IT R TR
HSERBEFE S . AR EOK 4w R 3Ot sl g 2 g R il 2
BN AR B b 2 T P 2 AR SO PO R D R
MAGEEA R, AR b6/ AR E RE T A,
oA B RR AL LA BRI 45 5 T i WE S R L BR T O AR
MLEL, 4T 14 R PHE T 6 & R0 2 . (B X T 93
FLW AR RO B A5 B - T HE B H e & 7 3 1 1 D (52 3
ek 5 i RS A W T G A 4R E o [ o o AR A0 3 R T U A TR
T M R YO E R . BT T R LR R f

Wi EE: 2012-12-27, 11T HH#A: 2013-03-06

DOI: 10. 3964/j. issn. 1000-0593(2013)09-2443-05

RS 5 BF ) T AR I L T B A R A I T
Schreiber H BA 3 1 #F % ) MULTI-COLOR-PAM #2 it T 75
R4 (400, 440, 480, 540, 590 LA J% 625 nm) [ & 6 F1%
1ot HAFSe SCA TR B BT 0 e, K48 T
Vb A NI N U7 S8 7 ) A R ol e T B U K U
Jik oh TR [ 5 TR AR B T 5 i AR A SG 1Y PSITT )
A R MR B 3% R (Chip-on-board, COB) ¥ 60 4>
LED {g A 1 em® (955 BP9, TR IEAE P 7E S0 56 = I 4 i T
SR TH™ | Hazem %5 B85 T Pk 2¢ 6 A AL 3R 2¢ 6 £ A A
SeAERR AR AR SES . G Rk, ER TR R &
SER I 2% L AR B B, T TR BRI O A 1 2 iR T il 2R AU ER
LY TSR O RE oA I I O A B L TGk T e R AL 1) R U
FEWI A AE TG P o AR ST 32 7 — R 57 00 S 5 A
S FEYOL Fu Ml Fm gRBUF WA Y6 1EFTE N Tk,

1 S PO S LR A R PR

Kautsky %00 Fl 5 2 P BF o 2 010 . 1GR9 (U &
TF IR AR 40D DI AL 5 ) Dl BT I 25 3R 9O 5 8 e I (1) i A2
I HE CO, WREIEAR & e R bR I3 & & A
IRIEIT IR T BRI I3k B — R e R, AR Rrg )L

HEEWMAB: A BRB 4T H (11040606M26) , [H K & £ A WF5E & & i1 215 H (2009AA063005) , ZRA N FHER 2L 4T H
(1108085J19) » [E K FH% T KL i (2009ZX07420-008-05) F1 42 B 27 5 8 WL 5 FIF B K £ 4 T B (YO3AG31144) ¥ Bl

EEE T X
* IR A

e-mail: njzhao@aiofm. ac. cn

Fs 1988 AL, op [ B2 HOR AP Yy BA B A 50 i TR R T L0 Ak

e-mail: jliu@aiofm. ac. cn



2414 AT

& 33 5

18l PR AN BT R BT OB A E T B RO AR R
ML A5 E IR AR AR DG ARG IR . T G TV R [ s S OGR BE 1Y
A5 CO, IR E AR KR, FOLRENT Fa SR
CO, [&E WIHEIN , X BEHI Y FEO6NR E T R A 5 2 MG RE
SRR AR . X Rl S B T R 1 B R A RR S e e A
Ko AL T o kMR B8, —BRBREI
(photosynthesis systems [[ » PSR SEHEI H Qi W F|
— AT BTN RE RO B T R R R TR ROt
HEAR T RS M T8 Q. TEXMMEEE RIS
FRYGE 0 BN AL T OGP IR A A KA A T — 4 R
PO 1 6 P 2 S BOG Ak 2% BB 19 TR B AT B0l 5 5
LFE s Hk, W PSTE R oo AL i B F e il 1, X2
H TGS M AE RIS 1 25 BA S B B I A ALK, X
Fh I G2 W FR 2 M Ak 24 8 K (photochemical quenching, PQ) ,
5 I [ B S 1Y i R A R T R B 2y B SR T
5 Z b Y B R Z O AR G 4k %2 % K (non-photochemical
quenching, NPQ) .

|

LHCII

hv

Heat PSII Heat

Chlia}y

Fluorescence (Fluorescence)

P700 [~Fd—~NADPH

Calvin-cycle

Heat Heat

Fig. 1 Schematic view of energy conversion and primary elec-

tron transport in photosynthesis
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Fig. 2 Process of phytoplankton photosynthesis

activity measurement
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Fig. 3 Phytoplankton fluorescence induced curve measured in lab
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Table 1 Fluorescence intensity (F and F,,) of Chlorella vul-
garis and yield
F Fu yield F Fun yield
448 721 0. 379 528 654 0.193
487 590 0.175 528 656 0.195
497 603 0.176 531 659 0.194
504 614 0.179 532 662 0.196
510 622 0. 180 534 664 0.196
512 630 0. 187 536 666 0.195
516 636 0. 189 536 668 0.198
522 643 0.188 538 671 0.198
524 648 0.191 542 675 0.197
528 652 0. 190 542 676 0.198
Table 2 Fluorescence intensity ( F and F, ) of Microcystis
aeruginosa and yield
F Fo yield F Fu yield
331 465 0. 288 422 481 0.123
336 456 0. 263 422 482 0.124
342 463 0.261 425 486 0.126
344 466 0.262 426 485 0.122
410 474 0.135 423 481 0.121
415 477 0. 130 419 477 0.122
416 478 0. 130 420 478 0.121
419 479 0.125 423 480 0.119
426 486 0.123 423 480 0.119
429 489 0.123 418 477 0.124
Table 3 Fluorescence intensity (F and F,,) of Cyclotella me-
neghiniana and yield
F Fon yield F Fu yield
264 746 0. 646 394 664 0. 407
374 604 0. 381 390 655 0. 405
380 632 0. 399 392 658 0. 404
382 640 0.403 393 662 0. 406
384 650 0. 409 396 667 0. 406
387 656 0.410 397 671 0. 408
383 654 0.414 394 666 0. 408
382 651 0.413 390 662 0.411
382 650 0.412 392 662 0. 408
388 654 0. 407 390 662 0.411
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Table 4 Comparision of photosynthesis activity between

in situ method and in lab (Chlorella vulgaris)

W1 W2 WEE3 W4 WS WKEG
AWFZRS  0.382 0.316  0.277 0.247 0.261  0.263
SEEEAYEY 0.343 0 0.241  0.217  0.198  0.205 0. 207

Table 5 Comparision of photosynthesis activity between in

situ method and in lab (Microcystis aeruginosa)

WRE 1 WBE2 WJE3 W4 WKEES  MKIE 6
ERE¥ 0.130 0.144 0.136 0.123  0.114
S AN p 0.127 0.123 0.119 0.076  0.076

Table 6 Comparision of photosynthesis activity between in

situ method and in lab (Cyclotella meneghiniana)

W1 WeBE2 WeBEE3 WBE4 WS WKEG
EREE 0.470 0.537 0.497 0.499  0.517
e 0.395 0.532  0.409 0.411  0.430
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The Method of Phytoplankton Photosynthesis Activity In-Situ
Measurement Based on Light Induced Fluorescence

LIU Jing" ?, LIU Wen-qing®, ZHAO Nan-jing’* , ZHANG Yu-jun’, MA Ming-jun’, YIN Gao-fang’, DAI Pang-da’,

WANG Zhi-gang® , WANG Chun-long”, DUAN Jing-bo*, YU Xiao-ya’, FANG L
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Abstract According to the phytoplankton fluorescence induction characteristics under different light conditions, chlorophyll flu-
orescence as a probe for analysis of phytoplankton photosynthesis was studied. The present paper proposed a in-situ measure-
ment method based on the chlorophyll fluorescence values F, and F,, to get phytoplankton photosynthesis activity. Chlorella vul-
garis, microcystis aeruginosa and Cyclotella meneghiniana Kiits were selected as experimental subjects, a comparison test was
done between self-developed in-situ measurement system and Water PAM in lab, and The results showed that coefficients be-
tween the two methods were 0. 977 8, 0.878 6 and 0. 795 3. This work provides a rapid and in-situ measurement method for

phytoplankton photosynthesis activity.
Keywords In-situ analysis; Phytoplankton; Chlorophylla; Photosynthesis activity; Vivo {luorescence
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