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AR 0.25 ~0.37 F10.25 ~0.36, BA7 A6 I BN 4% 3 16 AT M, RLC 2R 3 W36 38 A o e &1 AR, 5 T 1
PESABHRE ; 3% I 1 2 358 R R 8 (0 Foe SO 7= im0 51 R 0.45 ~ 0,65 10,41 ~0. 49, SLPryt i 7= 40 58 0.25 ~0. 32
0. 19 ~0. 25, FAT R IE 5 3 A6 A 15 1 5 R W0 T2 AR 4 =2 7 530 x 10% ~ 4200 x 10* cells/L 2 [i], 3F- ) {5y 2918 x
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Photosynthetic activity of phytoplankton in Lake Gehu and Lake Luoma in spring
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Abstract:In the present study, Phyto-PAM was applied to measure maximal photochemical quantum yield of PSII ( Fv/Fm) ,
actual photochemical efficiency of PSII ( g, ), and rapid light response curve (RLC) of phytoplankton samples collected from
Lake Gehu and Lake Luoma in spring. Meanwhile, the cell numbers of phytoplankton were counted by microscopy. The results
showed that values of Fv/Fm and @ of cyanobacteria in Lake Gehu varied from 0. 36 to 0. 52 and from 0.27 to 0. 53, and Ba-
cillariophyta, from 0.25 to 0.37 and from 0. 25 to 0. 36, respectively, but there was no photochemical vitality of Chlorophyta.
RLC has indicated that cyanobacteria has higher photochemical vitality and are prone to form advantage populations in Lake Gehu.
On the other hand, the values of Fv/Fm and @y of Chlorophyta and Bacillariophyta in Lake Luoma ranged from 0.45 to 0. 65,
from 0.41 t0 0.49, from 0.25 t0 0.32, and from 0. 19 to 0.25, respectively, and no photochemical vitality were found for cya-
nobacteria. The density of phytoplankton in Lake Gehu ranged from 530 x 10* to 4200 x 10* cells/L, with an average of 2918 x 10*
cells/L. Cyanophyta, Bacillariophyta, Cryptophyta and Euglenophyta were dominant in the phytoplankton community. The density of
phytoplankton in Lake Luoma varied from 260 x 10* to 510 x 10*cells/L, with an average of 379 x 10* cells/L, Bacillaryophyta and
Chlorophyta were dominant in the phytoplankton community. According to the comparison between nutritional level, the abundance
and photochemical vitality of phytoplankton assemblages in the two lakes, the lake eutrophication can increase the abundance of phy-
toplankton and photosynthetic activity of cyanobacteria, and become in favor of gaining advantages in phytoplankton assemblages.
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SRR 1. 27 m, S E KR 2,15 x 10°m’ . EA R TR A2 0 B K 7 55 B 45 2 Bl FH D . TR Ik R
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Fig. 1 Sampling sites in Lake Gehu and Lake Luoma
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IKFEREETE 2012 45 4 H A HEAT, SR GPS St R s MW 2 07 , 7 A8 DLBE 38 ROK AR R AL R Z K FE
10.0 L IEA 3147, 0L 3. 0 L [m] 5056 = ik — 20 437
1.2 BUEFNE

R Z IIBEK TS HAL YSI 6600 ( Yellow Spring Instruments, USA ) JFU7 I 72 RAE sK A ) BEAL 280, £
5 (temperature, Tem) |48 ( Dissolved oxygen, DO) I pH {H. FHE FQ AL E /K AW BE (SD) |, FHITR
B AT E I S A (TP B S B0 I 0 T 48 M A0 o B R I L (TN | IE B R 3 (PO; ™ -P) (il
AR (NO; -N) FIEEAR (NH, -N) FH 0.45 pom 38R 8 J5 R 14 22 9% /3 B4 ( Skalar San™"analyzer, Neth-
erlands) 5. M43 a (Chl. a) RZ 5T GF/C UEREAITE 200 ~400 ml JKEE, 54 HHES f5 ,90% PN ERZAEELAY 77
T E
1.3 ZiEEmER T

BT LKAE, A 10 ml 45 BRI T B, SR #HE 48 h, i J5 V4R 25 30 ml. VRIFAR ) 2 5 AR S 41 g
TE S N AT O A . O R B BRATAR R , — B ALTH RO A T 1 S B RER TR 2 K
BOF-YMH, 17 BB T2 B cells/L 275, SR A IR0 R 10 6 58 2 IR QUK TR IR E T 7 05 k) ' Fnd b [ 1%
IKEEE—RG HEBAES).
1.4 ZHEYHREFEENE

BT 9 AL Phyto-PAM. ( Phyto-PAM, ED, Walz, Germany ) Il % i 7 #4645 15 . UK B
3 ml, Zead 743 M IS G W (15 min) J5 , T 5647 % it %% BEAR 55 1 I £ 6 ( Measuring radiation, ML) , {25 K
RN/ NP Fy , B35 3T TR ANk #h (saturation pulse) , 7 ) e KEOEME F,,, BT HA R OGE 77 &
Fv/Fm Z 8 T VIR 6 A TG A e RV BE. e AR A 20 s i DA 28 4 X 5 ko' (Actinic
light) , [0 S Bt 7 7= i, 75 B PG 1 fh2E (Rapid light curves, RLC) . FEUCFTIFARL R o, SRATA4 8%
BT (D) ZERPOEIRRST PSIL A SEFRGEBE S 215444 Phytowin 2. 13 (Walz, Germany).
1.5 SRR BN 1T

HHE R Fl MS-Excel 2003 F1 SPSS 16. 0 50361743 HF , b ] t-test HEAT 5 24 7K P46 %, R Origin 8.0
HATVER.
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SO 4350 0. 201 F1°0. 034 mg/L, i1 09 8 A S BE MR A B 2SS T8 ST (P <0.01) . 2 AN
SR RE SV vk e WU Bt B AR TR R A R TN TP IR T 5% Th 3l T R Sk ki pH (B AR,
T AT i SRR FE AR T35 53], 2 AN 3 (P >0..05) . IR 13z W BE (23 em) H  E IR T 3%
1109 em) (P <0.01). IR 223 a e FE FRIR A48 50 ( Trophic state index, TSI) " SF-HJ{# 43 5]
439.59 pe/L Fl66. 4, Yk B KT IK IR M4 K a W (3. 12 we/L) Fl TSI(40.6) (P <0.01). 454 2
ASEE AR B B BB W BERT LA SR A ], VR K A s T B SR R s S SR ALK S S s T
EIRAKF-
2.2 SR ANk SR EE

TR IR IR M) B TE 530 x 10* ~4200 x 10* cells/L Z [A] ([&] 3) , F-3ME Hy 2918 x 10* cells/L, B34 2H L4
WEBET T EEET) BB TANRREE O R R A SOIRT BB ( Merismopedia punctata) 133 JE ( Micro-
cystis) MEJERJE (Spirulina) UKL HEERE B ( Melosira granulata) | YR IE 235 ( Cryptomonas ovata) ;3% B i1 7%
WeRi Y =E BEAE 260 x 10* ~510 x 10* cells/L Z [A] (& 3) , 3B K 379 x 10 cells/L, BEPE 40 Bk LARE T[] 4%
BETIAGBEN TN RBIRA /NI ER ( Cyclotella) Hr 25 IR ( Cymbella) U Ff I8 ( Tetraédron) (M )5
(Scenedesmus) HERESEIR ( Dinobryon') . M) 0 VFAHEHLE = B0 53 3585 T T4 (P <0.01) WS o
P23
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Tab. 1 Physico-chemical parameters of Lake Gehu and Lake Luoma
- T TP, PO;~-P/ NH,/ -N/ NO; -N/ T D SD,
W OREEE Lo ‘ : o wm P /
(mg/L)  (mg/L) (pe/L)  (mg/L) (mg/L) C (mg/L) cm
TR Gl 5.27 0.244 21.6 23.058 1.316 1.332 17.1 7.44 7.57 20
G2 6.06 0.299 20.3  129.805 2.748 1.136 17.4 7.56 7.33 15
G3 5.24 0.224 23.4 15.368 0.595 0.200 17.7 8. 14 9.93 18
G4 3.73 0.123 30.4 4.524  0.458 0.721 18.0 8.47 10. 68 25
G5 3.72 0.181 20.5 5.091 0.072 2.097 18.3 8.57 10. 68 20
G6 3.96 0.134 29.6 2.921 0.142 0. 800 18.3 8.61 10.44 40
0% T4 L1 3.37 0.030 110.4 2.512  0.007 1.158 17.2 8.49 12.08 180
12 3.91 0.032 121.1 2.096  0.007 0.312 15.9 8.21 11.47 75
L3 2.94 0.048 61.7 4.375 0.039 0.768 16.8 8.19 10.38 50
14 3.66 0.029 125.3 2.985 0.004 1.568 15.8 8. 14 12.08 80
L5 2.91 0.033 89.0 3.379 0.016 0.892 16.1 7.98 11.42 110
L6 3.48 0.029 118.6 2.131 0.029 0.891 15.5 7.52 10.99 160
m Chla o 781
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Fig.2 Chl. a concentration and TSI of Lake Gehu (a) and Lake Luoma (b)
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Fig. 3 Abundance of phytoplankton from Lake Gehu (a) and Lake Luoma (b)

2.3 RN DM E Y R L B ERE T
T T R S P PR AL R v (0D A AR IS PR A B3 25 5 AR KA R, Phyto-PAM 551 A3 I %)
AR A OE A AR TG T, Hds JOEHE 777 573 5I7E 0. 36 ~0.52 F10.27 ~0.53 Z[a], A ROLE 77 &4y



692 J. Lake Sci. (#:8#%) ,2013,25(5)

JIAE 0.25 ~0.37 F10.25 ~0.36 2 [, A7 K I 25 5 00 05 A1 P P 5 6 5% Eh i AACRE vy A D) 3] o 38 A ik
BERDEAAE ARG, Hdm IO 5 777 523 BITE 0. 45 ~ 0. 65 F1 0. 41 ~0. 49 Z[i], A HOG I T 7 4 43 B 7E
0.25 ~0.32 F10.19 ~0.25 2 [i] , #A7 Kl 21§53 AL S ATG P 4)

O @ G A EE+PE
0.6 ] a 0.7 — { b
N RN S S ;
g ] ) é 0.4 ] 4 4 % 1 i 4
N- 0.3 - i ] +
] 1 o 0.3
=02 4 02 ]
g 0.1 ] 01 1
04 e ° ° ° ° ° 0 1l a - n » n I~
-0.1 ] T T T T T T T T T T T ! -0.1 ] T T T T T T T T T T T
04 . é 0.4 — d
cos ] ¥ ; ti Pl A
JFH]:O.z 1 t i 021 &4 & gz B
I | - a
§0A1 - 0.1 4
T J
04 e . . ° . ° 04 = L] = L L L
-0.1 - T T T T T T T T T T T 1 -0.1 _ T T T T T T T T T T T
Gl G2 G3 G4 G5 G6 L1 L2 L3 L4 L5 L6
RAER, FeRE R

&l 4 35 (a o) FEE i (b d) SRR PR I 0 B RO i A R0+
Fig. 4 Fv/Fm and @, of phytoplankton in Lake Gehu (a,c) and Lake Luoma(b,d)

PHEOEI R HZE (RLC) A 3 ANRFAE S H: R B R (o) 35 K HL T 4% 38 380 % ( Maximum electron
transport rate, ETRmax ) FI1fF1E B8R B 5 ( Saturating light intensity, 1) . HeHW 340 o 5 ETRmax FHEIF G
PR G AV E IR T RAL IR AR % ' R iR 8 04 3 7 8 77 . R 1 R 0% 5 I8 I DA o i ) D >t 7 ot 2k
HIRRIE S BN D 3 22 55 TR KA SRS, HR s R e/ PR S 06 B VR R TR 4, T A Hh e DB B VE
TE M, 35 T I IS L o s AR/ TR DG B AR R TR T e 1 T s XD B A A . WAFES 0T LR L
TR T AR TR 6 v W A 0 IR DGR FHRIOR, 0% S i) v S 50 8 1 D'G 6 VR PR, TRl P ik e ) 't
FAERBCR R E T LI (P <0.05) , HLP-NWIA Hh i e AR 400 A DRt S o 107 1 £ 69 0 A 2 07 A 2 ) 22
S(F£2).

3 itig

PR 5% Y64 ( Pulse Amplitude Modulated , PAM ) & ¥ - 4 22 5% Y6 [ B 31, 7T A48 £k 56 A 7E B i A o
ik 205 B, BB BRI Y6 A TR 2 TR 58500 6 & V8 AT A2 J5 B HT LG, PAM A 0 i
AAWE J7E  REESERE. HERIOCSHERZ , W HNE EOE T8 AR0E 7 &
R 37 1 2% 3 AN HEAE S 4. Phyto-PAM T3 JiF A W) 52 I 43 W AR RE IX 43 S [ F 07 B 4 400 25 10, 43 31
FE A B L, XV ) HLA MR B T AR, OO TR A AR S R P R W
THZ """ HA, T8 H Phyto-PAM 356 AE % I T 4N 5T 8 3 4h IR ¥ OB B &8
A WSO A TR BETE T UTAE SR Phyto-PAM 1E BF A1 AL 4 06 & T B 5T P RN O T 22
R R K AR R YOG VR TS M VR O G AR T M 28 0 T W 3l K AR 0 R U ) R
il a0
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Sk X B AR R LB R (pmol/ (m” -+ s))
F A e BB 5 (mol/ (m? - s) )
Tab. 2 The photosynthetic parameters: efficiency(a), maximum electron transport rate ( ETRmax )

and saturating light intensity (/)

W 23] Tik/ H g
a ETRmax I a ETRmax I a ETRmax Iy
Gl 0.213+0.05 143.5+10.8 574.9 £10.5 0.206 £0.05 224.4+7.8  487.4+5.7
G2 0.283£0.1 168.1+6.2 334.6+3.8 0.112£0.01 178.3+6.5  585.9+6.2
G3 0.19 £0.02 115.5+5.5  396.6 +4.5 0.187£0.02  81.2+3.2 434.3+5.6
G4 0.122+0.04 47.1+2.8 386.9+15.2 0.182+0.02 182.7+5.5 304.3+4.4
G5 0.211 £0.05 275.9+3.6 304.7+12.5 0.201 £0.04 226.3+8.5 427.0£5.6
G6 0.207 £0.04 158.0+6.7  564.3 £9.5 0.178 £0.04  83.6+4.8 470.8 £5.8
L1 0.166 £0.02  61.3+3.5 369.1+10.2 0.158+0.01  85.6+5.5 258.6+6.5
12 0.168£0.04 117.1£10.8 746.9£20.8 0.177£0.04  53.4+2.8 301.5+3.2
13 0.172+0.05 155.1+£7.5 918.8£15.4 0.171£0.02 119.7+6.5 201.5 2.8
14 0.168 £0.02 125.1+4.6  746.9+18.5 0.141 +0.04  49.2+5.2 348.2+5.5
LS 0.169+£0.05 14.8+8.5 608.3+12.6 0.175+0.05 91.5+4.4 423.2+3.5
L6 0.170 0. 1 82.9+5.4 525.4+8.7 0.106£0.02  9.1+3.8 503.1+6.4

IZBIEFE B UCR T Phyto-PAM IR A G AS ST 00 R 18 180 1 9% 5 ) 3 2 P2 i AL D RO S AR TG 1. 45
RBWL,2 WA IR B A VRIS P28 5 3 - TEAL T 53 B SR AR T 8 IR AL 1O T8 W) 77 i A
PIREvE T, A SR O ARG TR TR PR W R B0 vh HAT ST e 38, e 2 BN 7 4b T g 3R K
- 5% S5 i A AR R SRR A B DA AR RIS R B RO A M S MRSz 2. X5 2 A
TR PR AR R v L SCRAT — SOk TR 00 T R 0 v 2L A DA 1) VRE O] L RO T AN BR B 1108 2, i %
LI PR R PR 2R A RESE ] SRR A 1O . A BRI R, B IR O WA TR IR ) R
Fa A R T S VR U R R A U SE A DA ARG A SO T S AT AR Y R R AR A
SRR 0O A VR TS A G A R B SRR R T RO SRR A TR ST A . A
TR TN 5 180 53 SIS ) /0 kA 2 N 0L, 1EL Phyto-PAM IS H HOG & 45 TG 4 , T REJ2: o T 2
JERAE 35 A3 Phyto-PAM BRGINBR "t ] B 2 Dk B0 T 4 T 1 52 3 L2 B S B 400 3.

AHETE R 108 T80 0538 S AN [ 980 DX F) P AL e B P R P A A 22 55 ECA 9 0 o R e e SO it
TR 0.36 ~0.52 H10.27 ~0. 53 2 (8], 5% B W 4 3 F A 8 Fre KOG 777 48 73 51 75 0. 46 ~ 0. 65 Al
0.41 ~0.49 2 [a]. 7 JEAE 49y 1 PR I 107 i1 2 1) A5 0E 2 50 8 DX B) A A7 7 22 e, 31T 8 55 S [) b 28 0 T v
PrEL S R RAE ST IR B R AL I S PR E X 722 5341 K. Goto 54 T H A EEE W IR U I
RAOCE T AR, I SN T ROC R R TR A TSRS S R i A A Y i R
AR R E R R . Zhang SEWFTE T AWITR IERLA G A 1 FH X 6 BERXUIREAIE 0 14 W 7, 43+ T 1 9 L 2
BN/ TG TE VR A9 B AR ALRRAE . e ah, o6 R UR B 8 9% Eh A K B 5 e T WA 4 00 0 & 1R T TS
TR UL TR 6 A PR B2 TR A R AL R IR D T IR £ S

Zi L id SR 18] I8 9 I T 8 SR A B 78 TR ALK, TR IR 0 A v 2L AL B AR
BN, R EEADE A ARG RS, A2 U RER, BE A1 4fERS | B 3= A i K AR Y AT RERCR , 5 28 )
D0 5 3 Eh i E SR KT R R, PRUFAE eV DARESE (B8 Bl T, RSO A AR RIS TR,
AR A 01 B A A A R A K AR A AR AR
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