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Abstract The fluorescence method is a noninvasive measurement method that can rapidly measure the primary

productivity of algae in aquatic systems. However, in the current analysis of fluorescence dynamics of primary
productivity, when the photosynthetic size unit of algae is used with a f{ixed value, the measurement results of the
primary productivity of algae in an aquatic system often exhibit deviations, particularly where cyanobacteria
existing. The photosynthetic size unit is defined as the ratio of the photosynthetic reaction center concentration to
the chlorophyll concentration. Herein, to obtain accurate algae photosynthetic size units and improve the accuracy of
the primary productivity, excitation fluorescence spectroscopy was employed to analyze the proportion of
cyanobacteria and other eukaryotic algae. As a result, the photosynthetic size unit of the mixed algae sample was
corrected, and a fluorescence method based on the photosynthetic size unit correction is proposed to measure the
primary productivity of algae. The results of a comparison test of the primary productivity of purebred and mixed
samples demonstrate that using the proposed correction method, the measurement errors of the primary production
of purebred cyanobacteria, chlorophyta, and pyrrophyta samples are reduced from 38.8%, 14.3%, and 13.2% to
3.9%, 4.1%, and 5.2%, respectively. In addition, the maximum and average measurement errors of the primary
productivity of the mixed sample decrease from 20.4% and 15.2% to 4.5% and 5.2%, respectively, compared
with those without correction. The proposed method can effectively resolve the measurement result deviation
problem caused by the fixed value of the photosynthetic size unit. The proposed method provides an important
reference to improve the measurement accuracy of primary productivity of algae in aquatic systems.

Key words physical optics; fluorescence kinetics; photosynthetic size unit; primary productivity; photosynthetic
electron transport rate; photosynthetic oxygen evolution

OCIS codes 260.2510; 260.5130; 260.2160; 350.4600

1 5 £

T U AE 0 000 G A 7 T R K PR ) R i S A 0
BT RRGHE AR B K R g
YR f 00 ek 9 o P 5 VAR B L BR A 2 G B R i
PIMEBERR E e mEN Y, A ME . C R
TR AL G Y 7 I Ry 3 R B R -
T B IR L I R, LA T AR A L T A
AR R A TR T RS R K S A G A 7 T G
AT R L B A SR O bk b B 2E 6 A 1R
IF AR P A R L IR R N S R B s 1 2 AR ki
B A A Y- B IR A B O A B T
R SHA) G A 7 SR P B Melrose
ZEC LA T C o B R b R R A R O 1 A
(169 AV V25 SR £ (A RE S I W R 2 7 0 L IR gE 4 SR R
X PRI R R A5 R 2 R B AR R
AR [R) P WAL M RE AR B [ VA LR AE 0,23 B 1,04 Z
] A B 225 . Figueroa % Fl HZE Y61k . fE A
Ivi) DI T T ' I 3 3 0 4 o8 A 4T 98 A O A R AR
R, IR 5 A R R AT . R A AR R
F IR KA L 1% o 1R N T T 1 O A7 e I R 25
SR E A E RS AR IS E R
PEEHAEAA 0. 25, SR A [R) 7K 38 5L 5 4 W) 7K 8 1
AN T) 25 P9 1) B 2 TR VK 45 M b T Bh S AR Ak FE 99Ok
B F7 2 KA R A 7 Ty R R B EIE Y
e RF oG 2 bl 2 sh A28 Y, A RF 8ot
1 s fo8T Y 61 52 (L 308 A 7 Ui A 0 ) % A 7 0

) 5 R A R e D 2 o AR O S W 9 A T I K AR
NG ARG

TS BUK R ZR A G AR 7 T i A D B A
SCAE A I GA T1 968 I35 3 M 05 ik i kL
& —F AL T RO BT E B K R 9 2R 7
HERR IR 7 05 o BRI A 56 6 18 23 M K 1A 35
Fofb BB & L TR R R AT E R BT
IET7 BRI B 0906 & ROSF 00, AT A 7K 4R 38
R G I BEATRCAE B i K R S A 7 T
0 5 2R B A T

2 SEYRTTIkL

2.1 MIREFENRADNESTER
BWRNA RS R WA 1 FR ., 766 REIK
BN KAy F R A L B & RO 0 RCTT
2 G4 BT 52 4 B 2 A% 33 3 S A0 R g DL L O BLA
J7 1,25 Calvin fE I E E CO, ., MH T o gE &%
A A BT 6 A G R L CO, [ R A
THAEERS P RLE B E R E .,
FIR A - A v DU R O A
iR P B nmolem PesT!
P.=E X F//F X opsy X
ngen/(F/F ) X 6.022 X107, (D
K E G FRIREE F/FLOROGE RN PRSI
A2 W T 775 o pen WA ROCRIHER T F,/F,
RREE N A FOC RS T e ROtk 2 i 8 7 R
npen N BEFGA R MR EE 6. 022X 10 ° O BE

1726002-2



FE 41 % F17H/2021 £9 B/FEHER

PQ

photochemistry

PSI
[/

cycle

heat fluorescence

-
PSIT electron transport

a0

CO, fixation %

< 0, discharge

L LA 17 e TR AR B R B 1R

Fig. 1 Schematic of photosynthesis energy flow model

IREHE, # pmol quanta ##°~ quanta, RCIT ¥ #t
3 mol RCIL,A? ¥4 m®, 1T nen 1E32 B 5514
E LA L 38 E A R ST BT ey PSR
W n g, BTN

P.=E X F'/F' . X apsy X npsy X

N/ (F,/F ) X 6.022 xX10 *, (2)
ey 3 H BB 0. 002, MR U E AT LU
3 3 AT ) A B 0 J R 43 D16 0 B 9 T L A T A
KAz R, g E SRR 1 mol HAF
4 mol HLFALEE, KL HL 1% 3 o 56 T R AE K
PR BEEA G 7= 1 5 6B AR ) — — X R G
F A 0. 25 MR RECK SO0 A B 15
R P HHERMEHEHAER P, BN

71N MRetn o

1 . 1
nmolemL ' *min

2.2 SMEREBRERE
PEICE) I 5 o B BRI ) T I )
Az Dy e B OGS RST BRI nsy 345K T TE
SEMH 0.00281 SR B A B 5T R WL R [ B R Y
nps FFAE BTG 25 S, S0 R L TP 9 AR ECAX O U0
FEHY npsn 29K 0. 0017, 111 W5 36 A R ST BLIT npgy
29759 0. 0038 L PRI 72 pey BT 2 8 15 7K A 3
WP AL =TI I G5 FATAE KA 22 4 R 7K AR A
TEWE B L WL A
YTt B — A T A RS BT AR TE Y
KANRA 7= 1 53 B Al AR SRR Ay
P.=E X F/JF X opsy X
nosuXn g/ (F,/F ) X 6.022 x107°, (3)
I FH 8 A 5 516 03 v I 3 35 R LA i S -
R aWE noncy M ngee s 3B DH LR a K
JER AN
Nepls = M ehla.Cy T M chlaBu o (4)
[F] o AR A 5 R LA B L P, ML P,
FH#E2E 5 o R A B 2O G RT3 T npn «
7psp="0. 0038 XP ¢, +0.0017 XPy,, (5
WA R LA 2 Y UR D GO S DT

R R 469,520,624 nm K G IR 43 9 UK O
FE il AR AT 680 nm B AY S8R PO G 1 ok
0 b 2l o i 2 L 3 531 AR AT AL I R VR BT A O
AT A="La,a,.a, | FE BRI K K
T B=10,.0, .0, 1 P00 B AL & B2 R HOK
NI C="[c\scoc, )5 2l A 3R L 90
TG X 2R R SO G i kAT £ ST 4k ] e
TEE G B RE R AL BRI S R a W
N apiacy M gane o FARRITHE AR N
C=A ngucy + B *ngpe T¢e- (6)

Arbee WA 2. WEEHE S LB 10%.20%
306,40 %0 .50 0 B A e RN £ TR G R Al AT I 62 1Y
SER R PO DO G5 1k D 4 1) 3 S I g RV
HER S EPRE 35 MRS AR T S
L 45 SR AR RS DR 25 39 /N T 3010
2.3 ZEEH

DL 8 )0 2 o 3 8 L 2 1) 2 R/ D kot A
PR S I ) 150 5 PR 8 Sy S e 0 42 R T 9O s FDOL &
AR R RS SRR SRR G R SR R A 7 T R AT
[ 25 ) &, A 2 R B 0. 50, 100, 200, 300,
400 pmolephotonem *es ' 7SN AN [A] 5% JE (1) 34 55 6
FE L Sy DRAIE N i 25 R A T S A 2E A U =
e
S0 v BT 9 b I Ak T L ol O B A
ANEREE R A R RE A BE TR OK B RRRE SR BG-11
JC TR B 7 B 3% 5 i FH P e o A B U F L R F/2
T IR AR SR . DL R E T 22 CREIRFE N
TESEHEGRE B 4 100 pmole photonem “+s ', S & Al
FBWE LRy 12012 9 5500 R BEAT B 3R s 7E I 5T 4 R
10 mL WA ) 100 mL B & 55 57 5 b, 0 Or
0 i N g Ak T A K

PEOLTE B BRI P T 525 R G &l 2
IR EEHUR BT SO B BT EE R OT A
B. TSR A% FR G I A 2R U sh T
285G s RN FNRE 2t N ARG

1726002-3



FE 41 % F17H/2021 £9 B/FEHER

AR B S D e 3 T s il 2L 1R BDE & 5Ok
g%ﬁ}:o’P‘m7P‘ /Fm’GPQII’F//F:nU/]7/\'2':[F jjﬁi

SRS HTE’JE/J\)u‘éFK?F W5 3E N F R
iR RPOL R B VS BRI LA )

PR N:SE TR I‘JHTLEMZIKHPHJJ o Y R
FREE =R R 469,520,624 nm K G IR &

1.optical structure

2.excitation unit

TR I S i, AR AT I R DO BT L 45 A 2 oo 2k bk Il
VA KA 0 SR A B G R a VR n gy, I
Neptorn M Po, Al Pr,o 5 Al & IE 5 AR A
ORI E B FEBE R Pl 0.25 1Y
AR RIOCAE R T BER P, it s
B H S P,

RN 4SS e e, 3 L
b t L}
bt B my A
lu ':'_'.':'.':'.'.':'.':'.'_':'_':'.'.' ....... port

sample éj

__________

VGA fast fluo |-—-

'conversion $
A/D

' integrator relaxed fluo " -
.................. unit

‘ { ] v | Mcu
g ; + | parallell
bus

kinetic +
curve '
'

* 4. main control

3.fluorescence detection unit

KA RS P et

HAGRER

Fig. 2 Schematic of measurement system of algae chlorophyll fluorescence
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method with and without correction. (a) Cyanobacteria; (b) chlorophyta; (c¢) pyrrophyta
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Fig. 4 Primary productivity results of cyanobacteria and chlorophyta mixed samples measured by photosynthetic oxygen

evolution method and fluorescence method with and without correction under different proportion of cyanobacteria.
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Fig. 5 Primary productivity results of cyanobacteria and pyrrophyta mixed samples measured by photosynthetic oxygen

evolution method and fluorescence method with and without correction under different proportion of cyanobacteria.
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