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WE: BB FMAARKKERERE —RABDT, KETHORERETELXAEARS LSRN AFZETEZN S
0. % Vi (Peridinium umbonatum) Z % K P 3K L F G E, MBS A YT LY. A TEAFL
2, MAFRRARZRERAMNBERNS S FEOERBR TR ET RGP0, EREN, WA RIEBE R TR LG M,
5 WG BEALEOD) LI, WIFHRBH 11 d T4, R EFREH 0.1 4 0.6 mg/L AL T8y % Fikey OD
1A% FRE (0 mg/L) 548 (0.005, 0,02 mg/IL)RAE. R EZRALDI A FARERAN, SHBRERER
0.005mg/L % 0.02mg/L & , PSII ¥ 42 B_j & (RO #4948 & (DI, /RC), FA4L BB PSR A FTZER
QA W B (TR, /RC), #45 B B W & 45 i% 3] & F 45 1% 4 K 3% 69 4 & (RE,/RC), ¥ 1% @ & (CS) &k 9 K 4k
(ABS/CSy) . #15 @ M e # ALK (DI, /CS,) . B @RMHE KM KR (TR,/CS,), £ @R L FHEGHETTFTFH
(ET,/CS,), #fimAribih 3 d F43E 4 R34 B (RE,/CS), REKW K EHZ I L FHRRBGET %
(RO)EABHAEBEZFAATFEL. MBERETREST 0.1l mg/Li, RALAB LS AALRELZF AR FE
L(p<<0.05). KLLERENTHAL®O0.1, 0.6 mg/LEFRHET S TFHEMBEKRS LAOHEA, W LB 5K
FHMNAFTEGAEAKRERLS S A, CETTHRTREGTNTRY A S FPREREGLAERTE,

X #E W HTFE; AAEE AR g E L JIP R

FESES: S555 XSG A XEHS: 1673 -9868(2017)08 — 0026 — 08

1 (Dinoflagellate) J& 7K £ 25 2 48 1 i Ui A8 W) 1 B B2 20 0 o0, L2 08 o 3 K A ) R R 2
— TR B AR C 2R AR (R IRK T KA T AR XD AR B KR
FEALH M, E A K ERK I EKAE R HGED Y TR P EK e R A, B F 2. AL
FER WK R E IR A B BT WK AR RS, (HAT RT3 K At 2 S AR 7 P SR BB 97K
b, SRR E TP B R, R, BRI IR o K A i A U R R

B IRER MR R R R IR U A K B R BN DU W PR A A AR R R A A AL R, T EL R W I
WA PR V& S5 0 S s A% L BRI R TR TR . BN S SHWE KK R & ARG 3,
1115 ELARL 52 W) 35 AL A TR 5 ) o A A% S TG A P DL R S S it g 3% P 0811 451 JE ALl 81 A e o 28
MR, BN R B A I BEAH R T BAOBAR DR SR T . KA b Bt T DUORL S TR AU A RO R

O WHHB. 2015-12-04
HEWH . T m A 55 9% L II(XDJK2016C111) 3 E 5 H AR #3435 B (31170372) 5 Fi R R 2245 H (SWU110065).
TEH WA H#EF 1991 >, L, W% A, BEBEsE A, B2 NG 8284 32 o
WAEIEH . HEZE, ST,
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LA A TE ML 5T B R AR AR D TR A b S SR R A 500, I, B E B0A D 2 R KK A R
A BR A P ST 3R L 3 X B A Y E KA B W A R RIS SR Wl Y S T R ) e ] £
FHIAEACHE SR, ﬁ?éﬁ[lﬁf;ﬂﬁEﬁ{;\aﬁﬁiﬁ&ﬂd’éé’ﬁiémﬂiﬁu"ﬁﬁt.

Pt . ARWESE ATROK 3 — 2 W B X 52, il ad i 2 3RO 3l ) 2 fh 2 (OJTP) BARE S B4z 4k . 7y
*ﬁ%lﬁ]%m@éﬁ%iﬂ&rﬁzm@%J‘EAWFFJLEEPE’Jﬁ%imwﬁ HL R B2, R TER T 2 s A K ROt
B R GE PSIL R AN [F] Bl J5 5 € B8 O MR IO Ay — 20 F TS IR 7K R K e S A el 7 i 3 ol A A

1 #MRERE
1.1 RkIEsR

525 T H 2 W 8 (Peridinium wumbonatum) 3 H i EREE B s DOK A BT IR K SR . 3RS T 119 B 3%
B R DPIATRFE, B AMNRE 254D C, J6k 30 pmol/(m? « s), JEIAWI N 121 « 12D, Fik%}
BOWE . BFEOHF 4000 r/min B0 5 min, 7 LIEWR . FHICBEM 110 Kr3R 308 v, A2 B 28 100 W B 19
B EEVER. B0 3WE, AT 119 B s, JEATREULRES 35 48 h 51 525 .

B i 5 ol A [ R R vk BE G WL Y 119 8595 3 (58 1), HdP BREUHE MR — S AT Bk (99, 5 %) it & i U5
BEVR . U8 I AS [R) (A R A 8 U058 ol 5% 7 66 o e 0 T VR 0 511OF 0 mg/L. 0. 005 mg/L,0.02 mg/L,
0.1 mg/L F1 0.6 mg/L. B BEVLEEE I 5 109 B SR BUR A& DR R, 78 LR R AT 3R, B A
P E 3 ANEE.

F1 19EFEEARESRRERE

I o v .
Mg . JAEI.is
(4F 100 mL & dH, O B350 /g

NaNQO; 5 1mL/L
MgSO, » 7H, O 1.5 1mL/I
KH, PO, 0.7 1mL/I
CaCl, « H,O 1 ImL/L
Na, Si0;, H, O 0.5 ImL/L
KHCO;, 1 1mL/L
Na, CO, 0.5 1mL/L
4 4= % H(Biotin) 0. 001 10 pL/L
PIV 1 mL/L
EDTA-Fe 1 mL/L

1.2 &EKIEHRUE

M AR AR 4 R0 4F 2 d BUGRE 5 mL, HIEEAMEE T (UV-2550, SO 1E 451 nm KT
W HWOE I (OD).
1.3 MEIRRAEWMNE

AN PEAE 2.5 mL XA AU IR . 4 20 min BYREE N S5 . AP RCR 1 (Handy PEA/LPA, ,

Hansatech) {ll i€ OJIP fik . M 63K 3 000 pmol/(m® « s), MELE LA E T HER R ICF O-]-1-P 4
Bro BRI 10 ps 3] 2 s IR 22646 @t OJIP MR i 8L Bt 5, SR T F S8 Fo, Fu. F..,
Vy, S., DI,/RC, TR,/RC, RE,/RC, ABS/CS,, DI,/CS,, TR,/CS,, ET,/CS,, RE,/CS, Fl PI as.
RAFH OJIP I L AR S RO 2 Sk 2t
1.4 HiEAERSH

A S 56 804 0 A BEA 3 A ¥ 48 SPSS 17. 0 Wk AT, SR 20 e kA i g it p<<0.05 N ZERA
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St . Originé. 1 2 ch g EIE.

x£2 ERMIJIP-NESHEEEYX
OJIP 4 £l X
F, I N 1 B /AN R SR B BRI RN Hh O 58 A T AR I 2 S B
F. 5 385 N S5 P B KRR B, BRI R R R 0 58 4 26 P A 1) 2 S 58k
F, B b R R RT AR U S B
DI,/RC ¢t =0 B} 807 [ R PO (RO FE B G fE i
TR,/RC t=0 B R G (ROFE IR IF H T8 QA 1Y fig
RE,/RC BAAE IR HR sy (RO A2 38 31 H, 12 386 41 A 3ty 1) A
ABS/CS, =0 I B 1 B CCS) Wi 41 fiE
DI, /CS, t=0 B A7 T B (CS) 1Y FAFEHL
TR,/CS, £ =0 IF 07 T B CCS) il 3R i G fiE
ET,/CS, t=0 B B T AR (CS) HL 4% 38 1 8 7 7= 40
RE,/CS, B TR (CS) 1% 338 B T 1% 338§ A< 0 1) AE ik
Vi TE T A 00 AR X AT AR 5 i B
S v Wl R PE G (F = F ) 2 [a] B 1 #42
PI ans DA W ' fig b Lk A9 o BE 38 %
R, WS 1 i i 42 336 B Hh, R A 0 1 o R

2 # B

2.1 AEBREREXM SR BEEKNTIE

TEAN [A) ot Wk B O ML 3G 952 1 . 2 WA OD {H B 1% 77 B 5] 7% 184 fin iy 38 . A~ 55 35 W0 1), 9l o it
WHE R 0.005 mg/L M 0.02 mg/L MAAFEH 5L ML 2ZE S LG8 . mMEEFME 11 d IR,
0.1 mg/L A1 0.6 mg/L AbBEAL (Y OD {8 & T ICB b B4 (& 1.
2.2 BEXMERERAFSIHFEHE(0-J-1-P) EIY

FEANR R ENIERT . ZHEMN OJIP 22tk & 2. 555 F 0.6 mg/L # F 2 H#EM
FAXT AT AR A W B4, 5 0.6 mg/L B SR &M PR Z W B L, W3R T 0,0.005 mg/L,
0.02 mg/L F1 0.1 mg/L N2 H B OJIP fi4 iy T si ¥ Fh e, BAR AN [R 8 BT it Wk & T 19 OJIP i 2k 2=
S, BH O, J, TH P UUAHEAEAE.

0227 1.0

—o— 0 mg/L, 2 0mg/L QIR v vT—
0201 9005 mg/L v 0.005 mg/L.
0.18F —a-0.02mg/L 0.8 ¢ 0.02mg/L
0.16f - 0.1mg/L <« 0.lmg/L
0.14+ —& 0.6 mg/LL > 0.6 mg/L
3 0.6
2 ozl T e e 2
& o.10} —t— R 5
Z o8} /i%a 04
0.06 2
0.04] 02 ,g::
0.02} 0w
00— . . 0.0~
D1 D3 D5 D7 D9 Dil D13 D15 D17 D19 1073 10 103 102 10! 10° 10!
RyiE)/d Ry 1E)/s
B1 AEABRERENSEEEKNBMN B2 FRABRERETSHE OJIP HEANEL

2.3 MERRHXSHS M (JIP-test)
2.3.1 BRERENSFHEF, .F..F..F,/F, # F./F,, ¥%"
BEEBET B E M N, Fo,F. . F..F,/F, Ml F,/F, %33, H5 T8k %M, (%852 5



4 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 39 %

(0.005 mg/L A1 0.02 mg/IDEFFETHERENKIESHER LE I ¥E X, Wi&E#E&MF 0.1 mg/L
0.6 mg/L) FIZEESEUE N B 25 T I &1 (p<<0.05) (K 3).

*
*

600 i = =3 0 mg/L
500 = (.005 mg/L
400 [ B (.02 mg/L
I 5 (). mo/L
300 ezzz2a (.6 mg/l

200 [

\

MM

w100 |
o8 p”
i /
K 1.5 /
% % sk
1.0 %
Z
0.5 Z
0.0 [ Z
FJF, FJF,

* FoR p<<0.05; % x Fx p<<0.01, ZRAGHKH¥E L.
B3 FRREREHWELEEF,,F.,F, ,F,/F, M F,/F, {%

2.3.2 REBER BRI AT AL B s i B 3 00 R

B & Wl 5T iUk BE 3G N, DI, /RC BWREAR . 5 WAL . BBk 0. 02, 0.1 A1 0.6 mg/L
22 A Gt 2478 L, DI, /RC S HIFAR T 18. 8%, 29. 8% Fll 46. 2%, W Fi & W EE 4 0. 005 mg/L i 2% &
Tgeit#E L. TR, /RC W75 DI, /RC AL, BE & B 0T & e B A9 35 n i B A, LWl ot & ok B2 R
0.02, 0.1 f10.6 mg/L B 2ZRAHGEIT¥E L, BT 12.2% ., 15. 1% M 19.5%. RE,/RC 5 DI, /RC
M TR, /RC R AH S Bl A B 00 et vk BE A B w4 o, O B 5 JC@ &M I, S0 F 2 R a5t
SR MBS 22 R R g SR ).

3.0 b 1 Omg/L
— 0.005 mg/L
25 F 0.02 mg/L,
L I 0.1 mg/L
20 B 0.6 mg/L
w15 -
i ;
Rj 02 | i
0.1 |
0.0
DI/RC TR/RC RE/RC

bl
* FIR p<<0.05; * % FiRm p<<0.01, ZRAGIHE L.
B4 AEREBREBHY S EE DI, /RC,TR,/RC 1 RE,/RC B

2.3.3 R R BERE R AT B AL RN & AR AL E IR B 0 R R

B % Wi TR BRI N, ABS/CS, . DI,/CS,. TR,/CS,. ET,/CS,, RE,/CS, ¥J8 0. 5wk & 1F
ML, AR 51 F &9 B HE RIS B L (p=>0.05), MEHAMHTHRESHEREGRIT¥E X
(p=<<0.05). SHEBELMHIL. PIAEHSM T ABS/CS, 20318 T 35.5% 1 93.4%; DI, /CS, 55
BT 24.9% M 63.4%; TR,/CS, 4y BB T 56% F1 149.3% 5 ET,/CS, 4 B3 T 73.4% Fi
208.3% 3 RE,/CS, 4353 /m 1 8021 216 6 (€ 5).
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240 gy
210 1 Omg/L
180 - 0.005 mg/L
150 #% I 0.02 mg/L
B 0.1 mg/L
158 ” . EEEEEE 0.6 mo/L,
60 ol sk
M L
| 30 o
R 1
® 12} Q %
10} | &
¢ | . S
S N
6} § §
4t N N
2 S .
0 S L
ABS/CS, DI,/CS, TR,/CS, ET,/CS, RE,/CS,

* FoR p<0.05; * * FR p<<0.01, ERALIHFEL.
Bs5s FAREBKRERERSSHE ABS/CS,,DI,/CS,,TR,/CS, ,ET,/CS, # RE,/CS, HI§ M

2.3.4 FRBERZREN V.S, PlausH R, #9%h

AR BB T V), S.0 . Plass s Ro WUZASALTNFR 3. BEE B & W B2 0938, V), BurReAt. 5wk 51
FALE . BB B 0. 005 mg/L I, V, Jo i 284k, 102 855 f W h 0. 02 mg/L 8K T 0.02 mg/L
W,V BEREAR. S, PLaps 1 R Y BE R 0 5T i vk B2 A B I mi g hn. 5 Jowle B R vk FEAH 1L, B B 2R R T 1922
MR W AR F T 2557 g = X

R3 FRREREHRNSHEV,,S.,PLusH R, BRI

B EWE/(mg LD v, S Pl s R,
0 0.66540.010 8.15440. 36 0.09740.012 0.031 4=£0.002
0. 005 0. 66340. 003 7.86340. 46 0.09340. 003 0.031 2-0. 002
0.02 0. 64740. 005" 8.21240.32 0.13+0.004"" 0. 034 6£0.000
0.1 0.627-0.002"" 9.194+0. 14 0.1734-0. 006" " 0.045 4-0. 000" "
0.6 0.583-0. 003" 10. 469+0. 28" 0.295-0.002" " 0.055 54£0.001"

* KR p<C0.05; * *x Fix p<<0. 01, ZEFA G L.

303 #

A F 7T 2 W % 8 5 o el 00 2B RO RO A E R DT, Y e e AR, o A K sz B
EAHI, FRATAIRFZESE B S T X — 458 (F D). I Z a4 K SRR WIE A HIEN LR,

Wit O-J-1-P 5856 3h 2 43 0 nl LAAG & R R e & R 40 1 AE I 40 A . W, 540 . FETE S 8000k
FAL AR FEE R AR AR R, SR I SR R BORE S A IR TN F, B FL A
SRR, B OL T, TR P UAH™ Y ARG, SR B A1 (0. 6 mg/I)AHLL , JEARBEAL B ALY ]
AT, MRS E T . 2 A B AL 5 A2 B — s R E 1 A

Fo REWMETN, BAS 5N E B MOGRER G4, SRR X 2. F, M F, 25
FIREBRIOCOLE RGN SN O W) L 320 4 3058 it s 19 52 D) AT A8 2 5 (2 5 64k 5 I /Y ' g
RO ARV E R, B /F, AW PSIT G, T F,/F,, Al {83 PSITGAL2E i RBeRPY |l
W P ) IR A R 2 R i OO R A B AR R B R T, YR Al 2 R R, FL/F, AW
AR T BE R PR A A R B T SN A B L . R T R R SCOB ER ORI BOk &
REAR™ . AT & BB B I R 3N, Fo, Fo, Foo Fo/Fo MUF/F, B8N & 3, 201wk i
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VREESE TN, 22 W2 WO W R TR B N, T AT RO Ak A RN A R AR N 3 B
A ROCRR SR, 2 W A R EURIG DL T JCRE AREE O T 2 B s E 3 2B, Z RS Mkl

W) TE HEAT 6 G VR R W S0 S8 58 K8 43 F T 6k 2 O A6 & Al & R 4, U AR 4 DL A
a2 9 0655 O B R . — BUREW) 32 B W af . OOt 2 S B AIK IR AT 19 O B D B 22 L ARORN 26
BRI LB, S A B L, OB S KB b B K B 8 RE,/RC, ABS/
CS,, DI,/CS,s TR,/CS,+ ET,/CS,+ RE,/CS, Fl R, ¥ % &A%, i DI,/RC 1 TR, /RC % % T+ &
(B4, B 5. ULHIE RS KB T , 2 W BOLE RGP A 16 M RO o 1 8508 K o o7 T AR g
W O RE WD . T T R QY BB SIS I . A5 ST 1 B A% gk R AR A% 38 B T B R I 1Y
BEf A . E I S BCBRAOE A T, LA, R KB B4l h DI, /RC W TFE . i — 4
6 BH BT RN R 0 FE IR A B R 1 0. TR T O Ak 2 RO Y B R R . OB AR A AR R R AL,
BOEAERZME. MR, EEBLE T, 2 W SERFEBBEAL, JF B H Tl 7 15& 00 0 a1 n. 75
O BE R S, e A ROR K K.

V) AR GIR 2 ms B IE P A9 BB A0 AR BED . S, MEROR Q. A A SR T B A Ak, B
PSI Z M PQ FEMI K/, T Qr AR FIEEEMZE, S, WEMMATY. k3 aTIEL, I
FEBE LB AE T, V) A S, BT e B4 . Ud WA B BR (45 RC A B /b, RIS R RE b
THFAEBMEL TR Q. MITMHE T Qa8 Qu M T3, Bl Qr KEME, BT PQESR
O T TR P& ROWESE TG RE WO MERR TR £, R REAR - b FAE AL O & B A AR ST
P s biti 25 B 5 B2k 0B 0 B ARG T PG (6 3D, R ARG, S T 2 H B i e A 45 4.

ZE LRTR, 76 R JCHLRE PR B e AR TR, SR A BB S BT T 2 B O A RO L T G B AN B Ak
HON) 5 I T ORGSR TORAROR. R, BE KPR TR R A T 2 H RO R Y
T K AR A e RN, S LK AR I R 2 A R R A1
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Effect of Inorganic Phosphorus on the Growth and

Chlorophyll Fluorescence of Peridinium umbonatum

YANG Yan-jun', XU Jin-zhu*, WU Zhong-xing', WU Xing-hua'
1. Key Laboratory of Eco-Environments in Three Gorges Reservoir Region (Ministry of Education)/Chongqing Key Laboratory of

Plant Ecology and Resources Research in Three Gorges Reservoir Region, Southwest University , Chongqing 400715, China;

2. Wansheng Environmental Protection Bureau , Wansheng Chongqging 400800 , China

Abstract: Phosphorus is usually considered as a key limiting factor on algae growth, because it has a great
effect on the growth and photosynthesis of algae. Peridinium umbonatum is a common bloom-forming species
of freshwater dinoflagellates, but few studies are devoted to the understanding of the effect of phosphorus on
it. In this study, P. wmbonatum was cultured at different concentrations of inorganic phosphorus in order to
explore the influences of phosphorus on its growth and chlorophyll fluorescence. The results indicated that the
value of OD was enhanced with the increase of inorganic phosphorus concentration. After 11-day culture, OD
in P. umbonatum at 0.1 and 0. 6 mg/L. phosphorus was significantly higher than that in the treatments at no
and low phosphorus ( p<Z0. 05). The chlorophyll fluorescence kinetics parameters showed that no significant
differences existed between the treatments of 0. 005 mg/L or 0. 02 mg/L and 0 mg/L in DI,/RC, TR,/RC,
RE,/RC, ABS/CS,, DI,/CS,, TR,/CS,, ET,/CS,, RE,/CS, and R, , while significant differences were
detected between no-P and the treatments of 0. 1 mg/L in these parameters ( »p<C0. 05). These results sug-
gested that rich phosphorus significantly promoted the growth and photosynthesis of P. umbonatum , while no
and low phosphorus had a negative influence on it. This also implied that the changes of phosphorus concentra-
tion might affect the formation and process of Peridinium blooms.
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