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USSR T RS A B R RO Y Vi SR T
PR R AR, AT SRR B
JIE 1 15 3% 0 200 TR AR N T VR AR ) R 5 2 B —
L Tl R o R R B L, A 5T BRI A A 1
XA )8 A | U B R SR AR s Oy =X e
DA T i R B R A A AN S R A A v v
A6 R B2 1Y 52
1A
1.1 B Himg Biih XiXEki& it

F 2019 4 1 H FERCM T A1 0L I 2] 3R A5 4
WU R R K, 4 200 um TEAA R R E,
EER KBRS TS, ERIEIRET, #oK
FEHE M S E (B AFERT 2 h), HFTIRA R
% 16 L7k 2 PET i WIHRMA o B R vk b
BLA . TCHLBE I kW2 56 i R B2 4 93k 3.58 . 0.29
A 14.30 pmol-L™, SRR B Ab 72NV [ o2 7

F1 BFLBAEFBFMRERERRBEKE

HRE

.hmAmmf

£ 3 H O Wk BEYE , Hoh oL AR T 1.8~
62.3 pmol-L™", 1A 15.1 pmol-L™", JCHLHEME B
FlM 0.01~2.16 pmol-L™', #J{f 0.32 pmol-L™', N/P
FLIE L 35~1541"820 e R Ge AR R vk i 3L b I ¥ £
Q=T N B N N O 7 1 W
A 2~100 F5 RSP A SCHRE 7 s Bl B E 2~
10 f5 2247 AT BURE, TEHLE S T HLBE 2 )i
40 pmol-L™", 0.5 pmol-L™", Ff#E4T— ML TR N4
KA HLEL, FRPE N/P % & Redfield HE 16 :
1550 0 1 AT HER . #5632 1 Wi in AN [RIVER JEE 11
KH,PO,. NaNO; & ¥ 7 52804, Ho x4 %
2AFAT, BRI IR BB SN T e £2 55 3R A I
HICR . BFROLMERE IR N 50 pmol-(m®s) ™, Jaiks
F 12h © 12h, REFEEN (20£1)C, 4K E4F 10: 00
XF 55 SRR AT N8 A0 4R 5), IF B AL T 4 5 SR A 1
I8, B 5 AR Al BROE s 40 e e A 1) A KA I
Hh12d.

Tab.1 Nutrition concentration in different treatments and original seawater

e as gy =X NO3/(umol-L™") PO} /(umol-L ™) N:P
M1 X IR (LR K 3.58 0.29 —
M2 — A IA 40 — —
M3 — U PEAS I — 0.5

M4 /SRR 40 2.5 161
M5 R/ ERNIE-RIT 40 0.8 501
M6 B R U — 0.05 —
M7 H & ImA 4 — —

1.2 H¥mRE5H5H

B R AE 5(10: 00)RAEIKHEE, B30 mL FH T 5%
T EIRE S £8 25 mm GF/F 3¢ IS £ 4 psat g m, fin
A ZFAR e F20CHRTE, F Skalar San™ & 7%EE B
ST B FRER R, TOHLAL . JOHLBE AN M rk
fiEh (G I R B4 514 0.07. 0.03. 0.03 pmol-L ™' 22,
B 60 mL /KkEHIEZR 25 mm GF/F i, JEMEE AT
90% A FF T 4°CFEEREAEHL 24 h, BURE.L53) F
5 W 55023 566 3T (Agilent, Cary 100) 73531 £k
630, 647, 664 K 750 nm AL E WOGAE, BEfTIH
BF a SR

B 5 mL KR T 30 FLAR H7E A 35 (Nikon,
Eclipse Ti) F WSS BERSORE | BN MBI i 98 1
BRPY BEARIERAES 24 h POUERSEEE, LARGEfk

e, HL 500 mL ZKFEI A SA& G0 B 5, &A%
TR S5 X FE S R AT Ve i, B — 2 5t WA 5 T V7 i A
Wi EOHE Fh FH S 3% (Nikon, Eclipse Ti)i#E47 7 i AE
Yy Rl s o 5 AT, PRI HIIRE A AR 1~6d
N RIUKE, 46 6~10 d Ry B K HURE .
1.3 KAESH

B bR B DL A AR R R, R
4 colonies L™y Hie 77 Uil 4y 40 4% i LA A T 118
B4R, SRR cells L,

ARG K I 7E SPSS F 47, KA one-way
ANOVA J¢ T K5 5050 B AS [FI Ab #H2H 35 FR 50 VR B L 3K
PREEPE PR | 3R i SR U AE ) A0 e o
2250, BEMHKTFREN P<0.05; KM Origin
2SR
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M1/3/6 =/AAEA R THLAES 1 d FFRTRE, Z
J& T 1 pmol-L ! 24735 8l, M3 41 TEHL AU 43Aisf 1]

M@Ammf

EARTFAGMBR (A 1a), %= AbHA] A ICHL R HRE
FRTH A BY(P<0.01), M2/4/5 =A~KbHH ()0
BILRUR B 35 SR TR R AORTR], M2 2104 F R
JERE /N, MA/5 AIFEER 1~7 d B T RRIRBE A K . RS in
R MT 5 1~3 d A TR, 55 4~12 d WEA T

60 ¢ ~ 307 ~ 20
—~ a - Ml O - Ml _ ¢
‘Jso- e M2 w251 8] - M2 Z
2 - M3 £ - M3 g 15+
g 40t — M4 = 20¢ — M4 =
= M5 ;
& 30 l\f\é\x‘»ﬁ%\}M g 1.5] M6 % 10
2 5 — M7 = Lol M7
g 10} 2 ost &
0 ‘Pﬁ\ T bt /,74/‘ ) ;g 0.0 WM ‘J::E[ 0 L L L L L L )
0 2 4 6 8 10 12 14 0 10 12 14 0 2 4 6 8 10 12 14
ReFEI T /d l*?il]]‘lﬂ/d REFT/d

K1 A, BRERAA IR TP I A (). TOHLBE (b) RGPk R ER (o)W B 1 A2 £k

Fig. 1 Variations of dissolved inorganic nitrogen (a), dissolved inorganic phosphorus (b) and reactive silicate (c) concentra-

tions in different treatments of nutrient addition bioassay

TCWEAR NS M1/2/7 4b B 20 7 3% 7% 30 6] TCAL Bk
JEAE 0~0.40 pmol-L ' Z [AIFE I 3 (& 1b). fFAERE
R INE) M3/4/5 Kb BELH B TCHLBEAESE 1~7 d R T
REas, 55 8 d JE LM TR EH . M4 4 T
I B E, NE 1d B9 2.5 umol L' FEES 7d 1Y
0.31 pmol-L "o AERISIBEA M6 417E5 1~7 d Tl
BE7E 0.3 umol- L™ LU R 3, BG4 LTt

7 AR BTG PR RERRERAE SRS 1~5 d R P T R
W& 1c), M~15 umol-L ™" fFEZE~5 umol-L™', MJ5
BB RS
22 cHEE axt RAEE T Ry h

MR 28 a F R B ) — 1 S n ) Rz 7 7 BH
i 22 591 (& 22), M2 20 XF Z0ES I i e 1y A 55 2~4 d A
MK, 2 5~8 d FaEAE~26 pgL', % 9~12 d (& E
~20 ug L gl M3 XS IN 4 i R 2% A R
PR R PR R, 5 2~4 d PG K, S 4d ETHE
WEfH 44.5 pg' L' JFE A FHEEHE 9 d 19 10.3 pgL s
M3 4% 3~7 d BIMERE o BERT M1 & M2 4
(P<0.05), M2 ZH 27655 9~11 d W& & T M1 K& M3
4 (P<0.05). BEAYESIIXTRTHIM-28 R a B4 HEFE I 5R
TRMBI, AR MR TS R 4R a
AR

[ei] B 4% P RUFR B A AR L 16 0 1 TS0 1]
) M4 J MS 43R o B35 5 T 51 84 (P<0.01),
EIE R G E o SRARHTAMAR 2.5 1%

(&l 2b)o 5 3~6 d AMHERE o PRI, M4 AHTES
6 d ik # B i1 96.28 pg-L !, M5 I§(E 1A 76.58 gL'
987 dIFIR TR, FRES 9 dIRMEZ 30 pg L' 55N
Tt Wﬁﬁ@%tb/\ﬁ—l‘_, 2R &R a N LTC B % 2
S(P>0.05).
— YRS IR R R TSN R O A5 A R AR R

a WAL BHREGHE (B 2¢, d)o BFEIMTTE,
M2 K M7 2R a BB AE SN AT BAE B K S
WIFES, TEES 8~12 d W3 & T IRZH(P<0.05). M3
Je M6 2H 4 3 a 1728 Ak R 35 wif 0 PR 3 K 5 P
HONFE, SRIC R EZEF(P>0.05), B 3~7 d B
i TR IRZH (P<0.05) . E SR RIS N7 A0 28 K o &
TR I W25
2.3 FHAAMAT R R TR T

W45 7K U AT ) 3 el R R R R AL,
FREEEE 22 Fh, Hoh ke 18 B, L 4 R (W3R 2),
P B Fh o B AT B (Synedra spp.) . 2 55 MR B
B MR 45 #E (Rhizosolenia
Sinensis) M 55 8L/NR#E (Cyclotella striata)? o (A5 E
R, SR IFRETFIH 200 pm 57 45X 0 46
“@ﬂiﬁ{ﬁﬁiﬁﬁdﬁ%{%ﬁ@ﬁ% {EL 45 4ob B0 41 1 B 37
WIE R BRI S . REBETESE 1~9 d MY
#a X g, 55 10 d H B AL B A5 B, Ma~
M7 A4k B ZH e Y Y AT IR 40%~65%, 1
A BRI N N R B 5 (Prorocentrum minimum) o

(Rhizosolenia delicatula) .
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Tab. 2 Plankton species composition of original seawater

Fanx - Jim
S+ ARTICLE
50 100 [ .
a l —e— M1 I b T —o— M1
i —o M2 90 | —v— M4
40 \kl : ——M3 00| ) ——M5
= * J/ o0t /.
0 o0 L
S 30t S 60 /§
gtﬂj > B ool
% 20f — 5 W% 40 ¥ )
& A * I
E = 301 s AN
10 F C* 20F //' \!—i\.
L 10 L g \.——.\./.
% 2 4 6 8 0 12 14 % 2 a4 6 8 10 12 14
BEFRINHE] /d B E]/d
50 r 50 -
c —e— Ml d l —e— M1
T i ——MS5
M2 IR
40t ——M7 40 F l/l
~ T e
2 ~J 2 :
2 50f l % 300 \§
] o
I i%\%x = -
W% 20 —4 3 —3 % 20 / e
it \ - i 5 \ X
= =
10k \I——i\./i 10 V/ —;%
% 2 4 6 8 10 12 14 % 2 4 6 8 10 12 14
IR a)/d B FEnstia)/d

R a HHRMELL

— WA INE B (a) . ARV B (b) . —UAEAS IR KIS R () S — USSR 45 K I8 e (d) 15 55 25 10 T

Fig. 2 Variations of chlorophyll a in nitrogen and phosphorus addition in once (a), different N/P ratio (b), nitrogen addition in
once and daily (c) phosphorus addition in once and daily (d) of different culture conditions

[R1GiEKIFE R EYMFEN

WS T LT XA B /(10%cells L)
AT Synedra spp. 2.91
7 55 M A Rhizosolenia delicatula 2.55
AR A Rhizosolenia Sinensis 2.18
SBUNAE Cyclotella striata 1.27
ISP ZETE 3 Pseudo-nitzschia pungens 0.73
ZI G2 B Thalassionema nitzschioides 0.73
B A Y B Bidduphia sinensis 0.55
- Pleurosigma spp. 0.36
FHE B Navicula spp. 0.36
L A Eucampia zodiacus 0.36
TRE JL P I 3 Guinardia flaccida 0.36
HTFEM A Rhizosolenia stolterfothii 0.36
FARE LT gAY Rhizosolenia alata f. gracillima 0.36
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gk
ES R4 P T4 i 0 25 BE /(10%cells- L")
T B Thalassiosira spp. 0.36
AEE Chaetoceros spp. 0.36
N I 26 8 I 5 Schrderella delicatula 0.18
] R o
F 5 E I i Pseudo-nitzschia delicatissima 0.18
S A iy e Achnanthes brevipes 0.18
TR/ 14.55
/N i Prorocentrum minimum 2.73
BRI Gymnodinium spp. 0.36
I SRR A 5 Ceratium furca 0.18
T P Prorocentrum micans 0.18
HE /Nt 3.45
TS kR Copepoda spp. 0.18
BrFpid feh, WY R R BRI B B 5B 8 d JFIR T R . RN, A R SRS I A% b B

S I [ 18 0 e AR ) R 3, 2% A Ak BT £ o KSOA
ZEAKR (K 3a). FRUFHLY) A0 HE AL S 4R a
R AEAR LK 3b), 2

3~6 d Ay 4 g 2 v 3

1) 241 D 225 s e Tt B2, [ S N R R () M4
K M5 440 % B ek LT, moR®E S9N
14.8x10%, 15.9x10° cells' L',

351 20
! ~ 18 b —o— MI
30 r 'L - —O— M2
2 161 —— M3
L o I —— M4
= 25 2\ /~\ "g 14-_ o— M5
{.% j/ < 12+ o— M6
S20r ;% [ —— M7
ot
= 10
=15 =2 gl
= . = O\
=10t = °r
s “g 4+ w
s 2k ) \\;L
O 1 1 1 1 J 1 1 1 J
0 2 4 6 10 12 00 2 8 10 12
3Rt E]/d B FEHTE)/d
Bl 3 A& B & in g X SL e R AR Y M A B (2) S A 5 BE (b) S AR 4L

Fig. 3 Variations of phytoplankton species number (a) and cell density (b) in different treatments of nutrient addition bioassay

24 HEAZEREARE R KRBT REN
Hoh

AT R LGk 476 A, [R]IHI & &
12 e BERAN M B o AR A A XTSRRIt A 8 o i) i
FEAENT 225, BB N 0.5 umol-L" A RENHL
PRI, M3AS 6. 7 dMRIKFEREST
HB AL FEZH (P<0.05)(K 4a), F-JE T4 7 d iAIK(E 4.8x
10° colonies' L™, {H5 8 d #EAATT A IR, FRE &
% 1.2x10° colonies'L ™!, %5 12 d BB A MK, &
TR INEY M2 2B B2 (AR AL S 6 BRAE AR, T35 7d

IKIEAE (2.3£0.2)x 10 colonies L' &, #EMAFEEELE 1.5%
10° colonies-L™" s, Biaria Wi b i
. M2 BT 34 AR A (87+57) pm, M3 41
9 R (115+84) um, X HEZH M1 0 k(109+89) um([& 5),
25 b R S SR AR TC B 22 R (P>0.05) . A
2 5 R 41 A K5OG B0 A0 2 [ 0 ) Al SR A A 22 001
(£ 3), AAMA M2 (R 0.55, fITXF IR M1 (1)
1.02, WEASINZE M3 BURERIN R 1,17, BEAESINAE 5
IR R AN M B, (R SRR SR Y B[R] 45
RIS INASF) TR B SR i i A 4
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Fig. 4 Variations of colony density in nitrogen and phosphorus addition in once (a), different N/P ratio (b), nitrogen addition
in once and daily (¢) phosphorus addition in once and daily (d) of different culture condition

8001
700 x
600

200 H—TL

100K

N % = %
0 MI M2 M3 M4 M5 M6 M7

*

K5 A, BREFRARE RS P EOE AR R B A SR AR
e
Fig. 5 Colony diameters of Phaeocystis globosa in differ-
ent treatments of nutrient addition bioassay

[) BF 8 i R RNl i R B EE o 16 0 1 F S0 0 1
) M4 ] M5 41, #ERECETCIH 82 & . MS 42k

F AR S X AL AR — 3 (] 4b), 2 4~7 d BT
A EEEERE NS, M6 AAEARFEREME 1x
10° colonies-L'~2x10> colonies-L™" ] 3 [m 3 2 . 4~
A PR () HE RT3 AR e A AL = (B S), 43l
H9(133+74) pm F1(1394£96) um, M4 Fl M5 20 214 1458
5N M A A e Mk IR A REBR 35108 1.31 Rl 0.86
(3 3), S LU Tt e B o 2 A 4t L 5 ) 15 K

08 A 2 R 6 — U S ORI R R R A ) A7
TEFES, —IRPETR A A M2 21 484 = B ARk 5 0 1R
AT, T4 4. 54, % 7 d BBNEEG R
o BRIFIMAN M7 HRIKTH 1 dTERL, sk
ZE 12 d, HFEBRARE 4c), 55 7~10 d YRR
BT HEA(P<0.05) . B RAS AL 1Y R 1435
EHAR10£91) pm KT —WME B & 19 B 42 (87+
57) um (& 5), BRIFMAN M7 4Rk H7E 5 BEAK
AN ECHY B AER N 0.79, 75T M2 4119 0.55,
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Tab. 3 Logarithm relationships between colony diameter and colonial cell number of Phaeocystis globosa in different
treatments of nutrient addition bioassay

Ak L BN /um BB it Keud R ERES BEE
M1 30~463 123 9 0.71 1.02 P<0.01
M2 28~283 50 8 0.39 0.55 P<0.01
M3 25~527 62 8 0.64 1.17 P<0.01
M4 40~336 70 8 0.84 1.31 P<0.01
M5 51~334 68 9 0.62 0.86 P<0.01
M6 39~522 68 10 0.41 0.79 P<0.01
M7 31~423 35 10 0.70 0.79 P<0.01

PERBOREN — R IR RIS IR R N B B EARAIE (R S), — RSB M3 AR 5
FERTIAR IR A K WER (R 4D), —kMRmn S RAIME0 A AR 1,17, &F M6 41 0.79.
BRI P Ao, M3 IR FEEINEE S d i 1.0x 2.5 HBEEREARERER FH£2Z
10° colonies' L' FFF% %5 7 d 1 4.8x10° colonies'L ', o7 AP A AR S WS R T kAT
{H55 8 d BIaIY % 1.2x 10° colonies' Lo & KUSMBE  Spearman AHOCHMT, £ ILF 4. PEURF 8 150 P Ak
() M6 FERAZ R B, 55 5 d B ETFE 2.0x10°  FREh v B 5L I 260 R 6 (P<0.01), BE{A 4 i % 5 AL
colonies L', BEMRFERMEAEIFZEE 9 d, 5510 d Il BEUkEE . MEEE o &5 SOF WA 40 i 5 R 5
7% 0.4x10° colonies'L ' PIFPAII T R AMEMASE  IEAHE(P<0.01, P<0.01, P<0.05).

x4 ABMERTUTHREGEERZERSHUEEFRRRERE. EYERYHMEE) Spearman HHX R H
Tab. 4 Spearman correlation coefficients between colony parameters of Phaeocystis globosa and nutrient concentra-
tions and biomass and species number in different treatments of nutrient addition bioassay

VI S H T/ LB EEREREY  Chla  AIEE/

(umol-L™" (umol-L™" (umol-L™) (ngL™)  (x10° cellsL™) AR
FERFE /(<107 colonies L) -0.23 0.08 —0.42"" 0.24 -0.10 -0.22
PR B /um -0.13 0.15 —0.01 0.19 0.17 0.05
FE A0 A/ (cells: colonies™) -0.09 051" -0.01 0.55" 0.40° 0.05

TR B P<0.05, 0 FE B E M P<0.01,

o1 s 2k ¥ (Thalassionema spp.). 5k (Thalassiosira spp.)
3 ‘Iﬂ'ﬁ’_\n K S5 8L /N (Cyclotella striata)55 o [R]E U8 N2 R

JEhaiE Ak N/P Ol 12, $550 Redfield HE, B9 M4 F1 M5 4, 4R o MAE Y Bie, H
Redfield B2 WU YD T AR B SRR W R0 BROBAR BB IR 2 B 4R R 7 BAROK P, R B AR i
TR, B IR TR S AN E L B B RN EREAR R E R S IR B ik
Wl h ) 24 S T B AT A AT . ABIEST Pl aE BE RRER R AR ERAUKE I, AR EE L T
INAIRIRHA AL B TR G R se s, RAAMBE  AWMS R EZ R, BB FR s st
TEUEAE Y AR R A L [ R N 1, b B IR TR AR ) WOR A TERE AR, R T R IR T R
AR 2 B RR A PR A T R A AR v DL PR R T A A 0

TR A REVE A 25 M Z IR s JR AR AR TR A ek AT Dy A e A B (IR B o R o, AR R
P PR RSN, SRS NS R TR R T AR T B S
RHSRE, BRI R, BABREFMAEE  EL BRI AR R S, A A Bl
TR TR RN R R P SRS Wi K PR SR Xt BERR IR MU S 5~7 d, VR IEAE Y A0 0 4 AT
PRFA, TR PR3 AR A 3 (Rhizosolenia spp.). W o B RERRER BOTHFE, IR/ WIREREM LLEIZ LT
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R, B B s o B B bR R Y R
1, R AR A R R MR R T, A
rvadk i Y B4 I T R B R R TR, AR
W R Y

ACHRVE B A A R AR R B AR K IR 19~
21 CHFEARGEFRE, BAEENT 10°~10° colonies L,
HAREEAAE 1~5 mmP ) AHFSE rp gk 2 3R
#id 10° colonies' L', #AEHL/NT 1 mm, HFEmt
) WO R BRI R R Z —.
AT BT 0565 5 35 5658 Y 22 501 IR 7T g S 52 el
HNEZ—, BIEIEEEBET 40 pmol-(m*s) ' BHE K,
FOGEAE T AR R PO i LA A 1
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Abstract: Phaeocystis globosa frequently causes extensive harmful algal blooms in the Beibu Gulf of China. The
growth of the colony is critical in P. globosa bloom occurrence and duration. For this experiment, surface seawater
of Qinzhou Bay containing P. globosa was used to study the influence of nutrient input on the P. globosa bloom.
The culture was conducted in separate treatments with various nutrients, nitrate (N)/phosphate (P) ratios, and dif-
ferent added methods treatments. Results showed that the growth of phytoplankton was enhanced after N and P ad-
dition. Numerous colonies emerged following the phytoplankton bloom. The stimulation effect on colony numbers
was stronger in P addition than in N addition. Colony numbers reached a maximum of 4.8x10° colonies-L™', with an
average diameter of 115+84 pum in P addition. P addition groups had a relatively high cells-per-unit colony surface
area but with a rapid decay in colonies. Colony cells were distributed sparsely in N addition treatments, with small
colony numbers and diameter. The daily P addition method maintained colony growth longer than the one-time ad-
dition method. Overall, P stimulated the growth of colony numbers, cells, and diameter. Therefore, discharge man-

agement should be enforced in Qinzhou Bay to prevent colony bloom under sudden P pollution.
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