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WERss, 0. BERI BRI AR S K B TEP T B 95

TEP. TEP WJE I 15 P A AILB 4 728 DAy JORE AT 1L
B h) EBL TR B SR A A R G P Y HE
ARG AR, FRIEAEY) A EPS 4332 B SRR L i
[N I i b3 S & AR e = 2 LS E AT
(ISR SR U N RS X S P = N 190 i 7 67 37
EPS 5EFRIM LAWK EP TrEM, X
TE SR R BRI 0T A A 3 A 22 W I B2 R 14 BF 5 R
SRE/D (HALAA S8 TF R TIF5E. Hhan MART X 2509
1 PR e g R, BB AR BEA TEP BilUE &%
FNEFER R B Z FTEKE, U HAEBE R A LT
BRIP40 8 25 LU e 0 R A 19 100 R B 2 19 TEP,
X T UL ST R B EAR B 5, iR
SR AT LATESE TEP (1 — JORTR, JUHOZR A= I
5, ATARCEERSC TEP, Ft, BREARZEm R
IHIRET, BT ERAEYRIET K AEESREN
SEERIThRE, AR T RRA R KA TEP 5%
P22 W5 J3T At 2 XK AR B A1 B 3o it A TR 5
TEP $A N SEBRIE AR BE S TR BR A= W IR Al i oM 4 55
—FE 2 LI

BRI A KR EFR TR, 2R
TR T 1A B AR T A i 2O 1ot
BB 1990—2014 AEJCERVE T A TE I s I B, 45 2R
F AL A I A B R IR S, RSN S
N BREINTE KR IR 19 208 LE 20 3ol i ik 2020 1,
132:1, 142:1, 224: 1, AR5 Y8R AT RES 5]
R E B I EXTERIE RSB0 8 IR 3L T R
TP EM, USRI HA 5 R B IR
K, BERERIEARBESE  EE IR A N, P2
B G TR AR IR G 3RO A B A K s i T e
THESR . EHSETREE L, TEBBERIENL T,
BOPAR B AR EHZ M, H R TEEREE
AR, HEFORBRR R, BRI Sk
TEAFBESRAN T A . IEAb, TEBRBE SRR, BR
TEARRERE N AR KRB W R T E A T, X
SO AIF 5 2 W A SR S X BRI AR B 1 A K 77 A 4
HVER, (AR EERIE RS TEP B TE L,
T2 PN TEREE SR R B LT, XTEIEAR
AR BB TEP B, DL BRIE
B BRI A AR RS 500

ARG R EAR BB E R BRI A T

MR . MBS . TEP 4B L, 1R
T BRI A 8 A0 O Wl 5 5 IR o] 14 0 17 Rl 5 77 PR
il S EEA TEP 72 I AI5C 2R, N R A
B L T AL AR FHER TP A A5 R LA F R R M
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1.1 #FH

BRIEARBEBEBEAR T 2016 45K [ 0N 15 3 2 o
W AR, AR, AT PRI B
R REEIRE, iS5 BBW-PGO2, MR PEESE . R
FH 110 Fige gk, BEIREN 20 °C, FhEH 30%o,
T HEGE A 80 wmol *m2+s7!, JGHEEL A 12 h: 12 he
SEESFF IR, BUREUE R ERIE AR S, 7
HARE IVER R 24480 10 wm BFH2E0E 2 k&%
BRAER, WSR2 I B AR S B A A0 TR
1.2 EWHE
1.2.1 SEBREE

B 1R AN 2 D Scaa b R, o3 ) 2
PRAIZH 1. BEBRMIAL 2. R /10 Fifkk, BEm
FRERHE A 116.18 wmol/L, LA Redfield {4 3R,
VAR RR Eh e B AR L o 16 1 1, 32 1,
64 : 1, HAMEFRHASAL, BALEAR 3
11 (R Do BEOEFRR B PR 2 9 Dt
T, RERILG AN B 1000 cells/mL, fiil
FEMLARFLR 2 000 mL, HoA Y SL 5685 37 5500 5
PGSR 2, SR 33 K, HERE 2 RIR
R/

1 BEFLRHNBANTRLE

e N KL BE

15 E'E‘fj‘nﬂj"f’f/ @fﬁﬁ‘f’f’ A%
FEIEH 116.18 7.26 16: 1
BRI 1 116.18 3.62 32:1
WERRHIZH 2 116.18 1.82 64:1

122 RHREE.
Zagml 2
KRR )5, BUSABUY 80~100 mL AYHIR
BESRFRE A, R ml SF 1.5 ml. B
O, AR R 85 (2 2 D 5%, T U

. ERmK, Emib
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Fa ¥ BUHE7E Nikon ECLIPSE Ti 2¢ Y618 & W i3 Bs
THHMTIEL, IO EAARM A B . I IR, B
2 mL ¥ T 24 fLB, 7 Nikon ECLIPSE Ti %¢ 64l
BB, FPLEERCRE PR, 2T 304
FUH030 A4k, Fo T 30 fBig, AT
ISR G AT R | B T AR AR R T
MBI, DASBRER AR I A
123 4% Za5Ehdeyn e

B 20~30 mL AR, FH GF/F JERE (£ 450 C,
3hBeky) Uk, SRl BB T -20 CH R
BAE, HFMEM4 % o, MR ABEREE . %
SN E T4 a BESHTE 664 nm, 647 nm
630 nm. 750 nm P T ARG, JHE L AXITHE
23R a BUURBER . JER AR R 5 JH Skalar San++
EFRERIEL B I N E SRR AR . WANRRER . W
R B
1.2.4 TEP R &M Z

IR 15 mL BT, FHIALAR R 0.4 um 1Y
FIRFAEGIEME (Waterman) 3§, B AUEAGER
it 0.02 MPa, fiILA 0.5 mL 38R 0.02% % /K Hr i 4L
@i (pHEN 2.5, BER & RN 0.06%) , PRidiH
XPUEMEHEAT Yot . SRIG 1 mL B 4liK 4y 2 Wtk
vk, KrleEAEA55) 10 mL BEES LA R, A
6 mL 80% MG RRYA L, 129 2 h, H[H] A3 e f /N
BRIRRS), i TEP se0rMft. BEEHEESNAT W)
HEAEETHAE 787 nm YK WA S G R
Aok B R R bR e £ A TEP &2,
1.3 SitsHhA*E

i FH SPSS 20.0 X &l AT 4140t SR
RZE 90 (one way-ANOVA) X BRIZAZ B M /Y
PR . RARRRE . AR A0 M R . 4
WM R o SR THE 22300, K-
test XJBRIE AR B de T2 W9 TEP P~ = #4722 % 47
Mo BE W E KA p < 0.05,

2 ER 50
21 BERTEBERLRETHER

FSR O E SR AL 1 Bk, A SR
THR IR, PRI HABERR L 1 B TR0 h AR Eh gt

PRTFAE o Tl 2L Nt IR 1) 2 45 5% 9 P R R Sk v JBE 4
TEES 21 R M AaseE . FEH 4G F7 00 iR IRk
WETER 21 RIGHANAIR, BEE T BRI
1 FBERRMILH 2, I . BREFRHIZL 1 AwEFR &
42 B SRR P R R T FE e 2 Y L4300 Dl 5.63+
0.14 pmol/L, 2.87+0.15 pmol/L F1 1.40 + 0.00 wmol/L.
WME (b)) IR, BRI, BERRILL 1 FIsiiR
120 2 BOBRRRER e HE AT W R TR 4

150 —=— il
_ o - BRI 1
So120 - B 2
é 90
=
Z 60
Z R,
.;ﬁ 30

0
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(a) WYMRELV S
8 —=— pihl4l

- - WEFRIZL 1
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~

h

R
§~ -i?',i‘.r; AN

~
I i i

00 3 6 9 12 15 18 21 24 27 30 33
Fsf il /d
(b) ARk
Bl 1 REERELREARBEA LR E I LIER
2.2 BERRGISZMG TEREARERNEKER
221 "R FZ abEhwmieE EA TR
FERERR ST, RO AR 2 e 40 = B 2%
K a i bas L mE 2 BiR . 45 A0 HEZ BRIE b
PEANMIT S 2R a T ITESS 15 RiAF| R AME, H
PR RR 2 1 RN A AR A SR R a S AR,
39K 104.42 + 6.67 pg/L. 109.56 + 15.98 pg/L, Hl
B 2(a) s TMEERHIZH 2 4R a SHN 66.46 +
2.81 wg/l, BEHEMTHEHRH (p<0.05) . 5 15 KLU
Je, PIABERREILL 1 ARSI 2 BT aRER & i
TR, 55 30 RUJGIRTRMR, BEKF
BRI EEE a Fi' (p <0.05) . IR ERIE
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R, AF DRI BT AR A K K TEP JE U2 97

PR AN = B AR UL 2(h), 45 AL A fe s 4N
Mok E] (821.30 £ 150.74) x 10° cells* mL™", #iFR
il 1 ZHFNBR I 2 2H 00 5 o B O3 g2 (630.56 +
93.36) x 10° cells*mL™", (356.98 +24.20 ) x 10° cells-
mL”, HMEEE o S EAREHEARL, BN
30 RFNE 33 KT, 7E WG FAK MEL BN
WA, WEMTERAMARERE (p <0.05) .
AN, I 2 AT LA, AEXTEON, BEFRHI4L 1
A A R 3 i s il RNl R A 2, Al IS o 4
2 U TR 2

140 —— il
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g |
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222 BEFRH M T ERMARE R R RK A SR
S PRI TR B AR R
FETH 40 A B AR BN B 3 R . SEIR A5
N, N RRZH 5 S0 6 2 35 IR v BROE AR A i AR RE TR
JRARER A SIS IABERR H 4 1 BRI 4L 2 B
TR PR B IR TR R AL, (EBERR I 1 Ak
FRIZH 2 ZEJF R FEER (p>0.05) o &4 .
WEBR 2 1 AR RIZH 2 B 32 h B A 3 AR
FELA3 SR 99.70 + 3.98 ~ 422.80 + 58.31 um., 163.50 +
24.26 ~398.16 + 10.32 wum £l 120.76 +21.98 ~ 353.21 =

30.73 pmo ZEFAOMEER BN, AR EIE TR E
RAEE (p>0.05 . WE 3(c)IiR, HFREhE
PRI A A B SR 15 KIS R R, 55 30 i1 33
K, WERRIZL 1 FIBERRILH 2 9447 1m 40 e 2 i
AaiET 0, BEMTHERH (p <005, SHFR
SRR a O WL RIER RS2 A B AR A A I — 3

14001 = 4ihlgl
o = AR 2H 2
= 1000
T 800
2600 i it
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TRERHREOG K . R BERRSIAL 1 AR Al
2 1 TEP e &S ALTE 73 5] /2 45.72 + 8.60~493.16 +
22.82 pg-Xeq L™, 68.94 +22.45~453.18 +20.15 pg-
Xeq L™ #l1 66.48 + 11.82~284.06 + 20.13pg - Xeq L™
FESS 18 K, WEBRMIAL 2 8535 WD TEP We & 5451
HAIBERRHIZH 1 K5 TEP M2 B E 225,
Kl 4(b) s, e, BEREI4H 2 19 TEP ¥k
S EAR TR A MBERREIZH 1 (p <0.05), FRTM
FEHIAFBEBR S 1 Z A B 2R (p <0.05) .

600 T —a— pisfilzrt
- o - ERRAILL 1
=~ 500}
= --a- BRI 2
o ]
g 400f
o
3 300f
jﬁ'ﬂ 200 f
(=T
B 100t
0 lllllllllll
0 3 6 9 1215 18 21 24 27 30 33
fit[a]/d
(a) TEP FHA8L
iR Y]
700 r X ELY
OfaEm
Ul s B
%U 500 | (:p >0.05) | (p>0.05)
> OF ‘
w400 !
2 :
?EH 300
Qi . ' -
. 200 | 0" |
& 100 é Y = :
) . rl'l@
0 i
B4 BERREIAL 1 BRG] 2

(b) A KW TEP 5 &
B4 BERFIZET TEP SETHE S EE TEP 52

3 137 ®

3.1 BEFRHIRI BRI AR TR AL AR A K I
ARICGESMENSEE a . IR #ik
W BERR AN . YR AR TR R X
BROE AR A K . RO P B R AR
REHFTLUE At i B SRk R AR s B i 41
1 AR 2 19 A E SR L EE T 16, [A)i)
FIF A ) AE K BEARE  (Cow =1 pmol/L Fil Cp=
0.1 wmol/L)™, FEASIIYS 27 KI5, WiFREZH 5

FEWPBERRER W d IR 0.24 pmol/L. (1 1), B
W TR AR KB, (AEE AR b
TR XTIRGIIAEE . e T BRI 2 1 Rl PR
412 GMEEE . PR EE S R B TR
M4l (p<0.05, Bl 2. E3) vbab, BEFR SR %E
PR THI A0 M 2 2 W IR TR AL (p < 0.05) o X
SegE BRI E R , 0 T ERIE AR Y
AN A AN ESY . BT 2 XN VE PRI ) A K 20
HAERERWAEYEER, 2RfEEE . &
Bt ARV E A RS, S5 T IR 4
A BB e B AL A LA A R B A
FRAIF 5 A1 3R Tl R 1 52 i 35K O A 0 3 4 L 1 34 5
HARERVERRAT 03 d7 EBIA4E Rl IR AE
i SR e B BFSE . HARKE M J 252058 3 78 JC ik
SAF TR SR SRR RESE R B, SR 2 A A A A ke
FAUH 0.13 47, AR TS R AEKE R 037 d7
EARERMRE, WKW ER AR, EHds
P BR ) S B 4 e B 2R (p > 0.05)
T AEPIN AT AT 2R IS, BB R i 41 i) 48
R ERSHAS A A BENZER . X rTRE
H1 TR IR S50 P ERIE AR e 4 ) o R g e o &
FHF 20 5 4 WA i vk A i) o 4R 251 . 1t
Gb, MOTEU M A KR, BEREIL4 1=
H>BERRMIZH 2, HBERRBIAH 15 T8 H 4 R
Hildl 2 #EAFRE W . X W] BE R BRI AR BEBE A R
N, Y RPN S, B BRA R —2 1
e,
3.2 WERREIXIBRFLAREE RS A TEP B9

B AR BB s 20, T IS 2o 2 )
T AT B A — A AL, BRE AR
BERRRNR ) EE RS RS, B ARV,
AT DL BT g €, PR mT DRl e o i B i
HMBURL IR AW, BEARZE R WS A K A AT LA
YERKAR T TEP ) BHSRIEM, AL i) TEP 5 &
AR, AT R4 TEP & &t 5 B R 6
A1 LHEZLRE (p>005), (HERER TR
Ml 2 (p <0.05) o X b BHAE—E i Bl P 174 ol FIR i
(FEWBEEL 320 1) FEARSXIBRIEAR N4 TEP 1 AL
BHAG, HBERRHIE—Lmsmnt (B 64: 1), BR
JEREHEEE TEP 7= .35 T .
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T
W,

8 BERREIXT BRI A e A K & TEP JE B s 99

PRI, BEOCE ARG 2 S B0 g i iy
EPS J3 At T BP0, A WA R ax A R T e A
FRIAEAS R PRI v 7 A 0 oy s i B (E BRI i 26 2
1) TEP A=/ & B Z L T4 HI2H, 5 REN X Z 5
AR S R — 3, s, BRRE (CABE L
25.16: 1, 52.14:1, 128.5: 1) SZEGALFHLH BRIE AR
P EPS PR R T4l (AL 17.41: 1) EPS
PR, — 71, A RESR R PR A T B A P A
B pH EFE &, AT g1 R /R SCIE ¥R (Calvin
Cycle) TRE; 73—y, SEEEREN], HEIERER
HAE 2R B YRR T A0 M2 5 TR, (R
R ERBAK (B 3) . BATHENBERIE A2 51
PR EH R EGY, — R0 BB
(AW 32: 1) BRAR T A K 258, HIEAR I
KA G o3 5 T B R R R RR R (AL
64 1) W25 BH A5 40 i 1) 28 K R Wb il K AL 590
MR TEP (R4

4 4 ik

W PR SR ERFABE I T BRIE AR B AN M 1) 2
KE5H, EERIy: EREWIARE, BERGIH e
55 30 RIS JL-FBEANBIBEANM; B FR A 2 A it 4% %
T AN BRI S AR T A N T
M H HE T WA B 2R .

Sk

IR BR 8 FREh A B RVt 320 1 B, Bk
TEAFHEBERY A KR TEP P R Bl 22 5k . DfIKs
B il L A X B0 PR TR 3 3 1 A K I o T il
AT e, OMBERR G A2k TEP Bk, A
SRUNML S HIAL 77%, PR N 56%, {HE
TEP FREH ATk B HI 41 92%

R SR A T RV AL 64 1 1 B,
FERIEAFRER A K AZ B, 8182 3 TEP 7= &
BRI, (B8R 43% 00 LY 57% 0 TEP, 4§
B BEREAIG, BERR IR, (HUE BRI AR 3 BE i
AYE I TEP P AR Z M .

BRI AR SRR VYT R, T EEANL
VS Sy AR ) A VR S AR . TP AT
SRR B AR B IR S5 KR, RS RRR i 15 1l
TEIE AR 00 K B TEP 275 LR T 43 B
IRMITE ARV A= 5 A 2 Lo BB AR R
TE—E BB R EACHER T, RESTEME
KGR TR, (HAEARR RN TEP /Y
PRI Z RN WE NN . MERTE AR A K
S 4 T B A 155 0 A s B TEP Bl 2R PR R b . [N
I, 7S AT I R i KA —E R R
B Tl 7K SF 1] BE AN 23 ) 55 BRIE At 8 e AR T R (4
E, RVEAEBE R 05 B0 0 X BRI A R
A48 2 AR PR T
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Effect of Phosphorus Limitation on the Growth and TEP Formation of
Phaeocystis Globose
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(1. Guangxi Academy of Sciences, Nanning 530007, China; 2. Guangxi Key Laboratory of Marine Environmental Science
(Guangxi Academy of Marine Sciences) , Nanning 530007, China; 3. Beibu Gulf Marine Industry Research Institute,
Fangchenggang 538001, China)

Abstract: Although the coastal waters of Beibu Gulf in Guangxi are in a phosphorus restricted state all the year round, the bloom of
Phaeocystis Globosa occurs frequently. During the outbreak, Phaeocystis globosa mainly exists in the form of colony. After the bloom
recession, the colony burst and produce a large number of Transparent Exopolymer Particles (TEP), which form a high-carbon and high-
viscosity foam under the action of ocean dynamics, affecting the safety of fisheries and nuclear power water intake. This article explores the
effects of phosphorus limitation on the growth of Phaeocystis Globosa and the production of transparent extracellular polymeric particles
through semi—continuous culture experiments with nitrogen phosphorus ratios of 32 : 1 and 64 : 1. Exploring the effects of phosphorus
limitation on the growth and production of transparent extracellular polymeric particulate matter in the Phaeoystis globosa. The results
showed that cell density, chlorophyll a concentration colony density and colony surface cell number of Phaeocystis Globosa were all
inhibited in the second half of culture under the phosphorus restriction of nitrogen phosphorus ratios of 32 : 1 and 64 : 1. However, the two
phosphorus -limited experimental groups did not show significant differences in colony diameter compared to the control group
(Significance level p > 0.05). Under the condition of nitrogen phosphorus ratios of 32 : 1, TEP production of Phaeocystis Globosa was not
significantly different from that of control group (p > 0.05), and under the condition of nitrogen phosphorus ratios of 64 : 1, TEP
production was significantly decreased (p < 0.05). The increased degree of phosphorus restriction had an effect on TEP secretion of
Phaeocystis Globosa cells. The results provided a basis for further study of TEP formation mechanism of Phaeocystis Globosa under
environmental stress.
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