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(m® - s) SBREIWIR 12L: 12D (8554 . BT
B S SR SRR, AR 1 LR REAE K
1.2 BREWEBEKMLLH

P ERSEHE G B 22 R0 T 200 mL 28 £/2 E R
JIVE B 100 mL K5 323 IR % oA 1 x 10°
ind/mL, SRS 4 NEE . B K E R S SR
PR, LAB 1F B RE A= 4 o 4 IR I A 41> 1
FEMH R 1 mL, A1 Lugol [ [ 2 , I F i 2k
THEAE Olympus St 27 B3l Bd T~ it %k, SR e &
MEEF A IIA 1 mL 545 100 mL 3557 % A
£/2 B0 E R W D B SRR R . LI R AT
23 d, MRS A0 T B R 22 i BR A 4 1
GRNIE
1.3 sSLEegit

GEHFBIMEGMBNREFREFEA KRG Y
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LI 250 mL =R T BEah TR
TR BRI 4 42 o B0 S G 2 W, W U
JE 85 x 10" ind/mL, 2558 HF & B fif 20 21 (1 4
HEEN(EE)0.0.5.1.0.2.0 f15.0 g/L, %
WA ANEE LRHT 7 d, EIRERAN TR
BN RO AR 1.2,

Yl i B AR R IRF H RAE K R

(1) —WHEEF. HAEYEN 10 g-wet/L
MZETFETE /2 JFiRlh 532 3 d Jg B iER il
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L) bk, OF B AT 40 £ €2 B R EH IS, 7
R A X 550 A K 0 1 R 56 0 4 8, 0 i %
1 x10% ind/mL, LA M F R 5T £2 i
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(2) P g, HH (L) Py ol ek S
B SRR T AW B SR IR . R
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FEEHTINE 19 RS IR K IR AR R 5 57 W AR
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IR SR K I . SEE I E R (1) o
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Wo 1A (1) B il s A W B AR IR, T 121
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o DUMRIZ T EFRT 02 s i aEiE K m
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Fig.1 Growth curve of I. galbana
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BRAFMES AR R I BEIHRIE (P <0.01), )0
HIE 5 g-wet/L 21, BREFHE 4 A RE 2 R 1IE W 2E
K. S sEH 5 ,0.5.1.0.2.0 f15.0 g-wet/L 4

HH R AL HIE 8 A R A 15 50 51 L X REZLFRARG T
16.32% 27.38% A3.37% F185.12% (£ 1),

*1 EXEEMEZEENZENEEMT dWHREBESENMNHEEE
Tab.1 The densities of I. galbana coexisting with different inoculation density of
U. linza fresh tissue during seven days

ERAG USRI

2 SERARF i AL

R (W) (¢/L) the densities of /. galbana(10* ind/mL)
inoculation of U. linza
fresh tissue 1d 2d 3d 4d 5d 6d 7d

0.0 7.0+3.5° 9.0%1.9*  14.6%2.3" 14.7£3.4° 26.6+1.9° 23.7x2.3* 28.0x1.0°
0.5 7.0£3.5% 8.3+3.3"  11.9%3.9® 10.5£1.9° 12.7+2.0° 17.7x2.7* 23.4£3.5°
1.0 7.0 +3.5% 7.0+2.8° 7.8x1.7° 8.8+2.5° 12.0+4.0° 15.0+4.2° 20.3%3.7°
2.0 7.0+3.5° 7.1+2.0° 7.3+1.4° 9.6+3.44 8.5+3.2° 12.2+3.7Y 15.9+2.8¢
5.0 7.0£3.5% 7.2+1.9° 7.3+0.9° 9.6+1.59 7.7+3.04 5.8+0.9° 4.2+1.0°

T R AP RVBE NI + FRuER, RIS AR [E PR 30R & ANOVA I35 22 5 23 (P <0.05) o T,
Notes: The data in the table indicates means + SE(n =4) ; Means in the same column followed by different letters are significantly different by
ANOVA analyse( P <0.05). The same below.

2.3 ZEMEBRRERNKFESFERN RV NERITAIE 3 RITH, SR BRAEHE 6

1EH B PR 2 (R T X BRAL (P <0.01) 6
—RMRIR miIE 2 AT, SRR 4 5 X IR

AR X AW o T 20 AR A |
BRAGEHIE 6 WP 2 8 B o (0 1 IR B RUR 95 '

%
. =
2 ~3 RN, B0 2H A R A5 H e A e 2 A < L & s B =
e 7 2 ke . o ! o
FART X HEAL (P <0.01) , o5 55 TR U8 IO BR 2 o Poag BB
. . o o E N s B M
B0 A K OB B AR (P >0..05) - | , “h AH B o B
X pr hb ' (B | B O[E A8
i . E E & 3 SR
= R o wralal pr g x B - . _' A - 5
w S ro=d P E A
=, 1n .\:: i s
= " TRl .
= Tl 5} 3 ZEWBERTIRRESLERM
I v ol BB |8 TR & A K B
o ||
.ﬂ_ I {: ..Q 5 :"h ﬁ = Fig.3 Allelopathic effects of Ulva linza culture
g 5,
r -HE AL AR A medium filtrate under semicontinuous filtrate addition
. ) R ,I . g ' on the growth of 1. galbana

BHBHELROEEHLRR TR
21508 2 P9 o A5 <5 35 Rl R 2 I s 4 (
4) , J5 20T MR W 4 v i s TR AL BRSO G A I
TR BRI B eA KIC R E M (P >0.05) .
2.4 ZEWBETHARNKEESEEKNIER

TEMINEAE DY & TR B S 5.0 g-dry/L
MsEER ], BREFHEG MR 2 IR 6 d JR S8 RAETo (3R

B2 ZEWSEFRTIBRBE—RERM
MR EW SR E KO
Fig.2 Allelopathic effects of U. linza culture
medium filtrate under initial filtrate addition

on the growth of I. galbana

ZHBRAEHE B BRI 2 RIS K 2218, 7620 5 K I ik
3.8 x10” ind/mL, $R J5 & Wik A, 7 d J5 , P
WL LU IRLIRRAR T 82.64% (&1 3) o J5 2500 #r

2) sUSINARIE N 0.6 g-dry/L i, BRAF #4388 119
REZFREMH (P <0.01) , SLIEEAS , Bl
JELE X R ZH AR T 59. 68% 5 %S Tl AH X AR ¥ L
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(0.4F10.2 g-dry/L) TR )5, SATHRZHAH LL , 5k
G PR R Z A B EMHI(P<0.01) (H4d )5
0 B R H R B b, SEBRAE S R A
Eb X REZH A3 BIBEAIR T 9. 18% F1 3. 22%
2.5 SZEWEKBERBERANKSEESREK
HI1E F

AN TR JE 1 5 A8 T 5 7 T e 2 R T R 25
AR B HIAE R, SR RS R
WA S s (R 3) o 7E 1.0 g/L flidg st
PN, 56 6 R AT BRAFHE 4 B8 28U, IR
VSR 0.5 g/ L n] {HEREF M4 BFP e i a4
FEEAR A, 55 6 KBTI %R 89. 42% o HHXT
AR (0.2 F1 0.1 g/L) 4R AL, BRAFHE 4 e o
TR LA TE U 3E TN, B 95 55 6 RIS R 43
W14 30.77% F112.50%

B e D e

', [

Fr i 2

-0 e 10 PR (BB

B ! e

" AR NERE:

- 1 } ] i
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E4 ZaERaERERNGENEES
N3 BOES & 2 e p R RN kA )
Fig.4 Effects of U. linza culture medium
filtrate under high temperature and high pressure

on the growth of 1. galbana

R2 5REAZEMSERE THREMGC d WKEHEENTEBRE

Tab.2 The densities of 1. galbana coexisting with different concentration of U. linza dry powder during six days

GEWE THARRERIE(TE) (g/L)

BRAGEHE 4 JEFPEESSBE the densities of 1. galbana(10* ind/mL)

concentration of U. linza dry powder 1d 3d 4d 5d 6d
0.0 10.0 2.7 16.3 1.3  26.2+3.3° 31.3+2.3%° 39.7%4.7% 43.6+2.4°
0.2 10.0£2.7*  14.1£2.3°>  20.0£4.9° 25.5+1.6° 34.3+2.8° 42.2+2.0®
0.4 10.0£2.7*  13.3£3.2° 17.2£2.2° 21.6+1.5° 30.7+1.5° 39.6%1.8°
0.6 10.0£2.7*  11.7+1.9°  11.1£3.6% 12.3+2.1¢ 14.8+1.1¢ 17.5£1.0°
1.2 10.0£2.7*  8.7+1.1¢ 5.0=x1.2° 1.2£1.1¢ 0.3+0.1° 0.0¢

®3 SREAREMNSEWEKBEMRERZEM6 d MIKERESENMHRTE

Tab.3 The densities of I. galbana coexisting with different concentration of U. linza aqueous extracts during six days

G E KV EIR B (g/L)

BREEHI 4 HE PV the densities of 1. galbana(10" ind/mL)

concentration of U. linza aqueous extracts 1d 3d 4.d 5d 6d
0.0 21.0+1.5°  43.3+3.5° 53.2+4.2° 65.7+5.3" 93.4+4.8° 104.0%7.1°
0.1 21.0+1.8° 37.3+12.3" 46.1£3.7° 54.4+11.9* 71.7+3.3> 91.2+3.4°
0.2 21.0£4.9*  31.2+3.3%  40.3£2.9° 46.2+5.5° 60.2+5.1° 72.5%£3.2¢
0.5 19.0+1.6*  25.1£2.0° 21.3%3.5% 19.2+2.8° 15.3£3.4¢ 11.2x2.3¢
1.0 19.0£2.6* 16.4+1.19 10.3 £1.7° 5.1+2.49 0.5+0.1° 0.0°
3 Wik P SN 7/ T = I SO 1 ) R

TEAAEI R (A5 R ) 1 1)
PRI B RCA 250 J5R T o G A 40T 9 5 — BB A 4y 77 A
HHEE RN AR SR A EN S ES R
S, T TR0 6 P O 1) S RV T, X o
WHEAT AW BA , AR BB R i, KRG
X % ) O A A B E O 2 L T 2R R
(Ulva) {47 26 FIWF & 5 R RO 87 VR0
2T Jin AU BRSO IR B S AR AT

( Heterosigma akashiwo) = K., H A TG EYUE
Xof oAt T PR BOE 1 v AR AR T, I R DU ARG, AR
WEFEH, FATTHERR 18 37 2h KOG BRSE Fr i A= 1
HIVEH], TS g0 28 Al MR G 26 1 T AT R W 5
Xof R A4 T AR AR TR SRR AT Y . 45 R AR B,
ST AW T RR KIS TR P 5k 5
AR TR e AR
LTRSS AR Y R NGB B A
A R S e A A AR . FEIERG IR
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AR MU H A KBS SR IR pH AL, M T A A
AT RO A K o 7L 35 5256 1 T 4R
KB, FRATIE T8I pH A8, I 3A K G
IRk pH AR R 2846, P, S48 0F & RE O
A0 3R S5 B i ) A A R IR A FH 110 v 2B ) o 2
JIT WL B 10 1R 25 B 4 i 2B I R I e A W] RE Y
iR

TEREFRA B IS NG A8 W 8 T AR K i
PR R 2 T X BR A B A S A M ) A R A R
HIVER JFTE v B R P A BOEE T, R A
VEFIAFAEAG W B R000E , 25 400 ik P vk 2 3k 3] — 5 1
{EA BB Y 5 AR AR T B b ok B b
SAEVERI B L FEARSI AR YA
& TR AR MK PER R A B A3 1.2 g/L Al
1.0 g/L I, BREFHES BEAE LI TR 6 d JFE 4
97

GAEWF B R K WG IR S e, — otk
TNINERAE W 5 55 I TR, AN BB A b 410 o) 35k <5
EPRIAE . TSI G T BRI,
SEAR RO AR , 2 WG A8 W & B R IR BT Y
SEA P R AR, RIAEAE T 20 20 v AR W) o ik
JE v T AR R TR i, DRI DR AR B 5
A ) TR R R A0 ) R A < S T ) O
ALY 4 5 Nakai 27 738 (19 KA K 2B )
FERINSE B ( Myriophyllum spicatum ) i i ¥ 4 1<
F) A 50N D Jim 25 T A W o D
i 3 ( Prorocentrum micans ) 4% 55 A /E A 45
BB, X W POK AR A 3 A v i B2 4 Wk b
2 5 B A 110 9 A ) BT BB /K A 25 AR 4 v ik
FETER —Fh B .

ARSI G T B AR IR VR4 R I e A
BRJG  RFEREF MG e A K0 B M e A, 2RI
YR AFAE S o k. Tin 51 BEgT R WAL
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1R, Hrp— L R S 2 i B R ZL A AR AR T
TN N ARG TR F] g2 LA ZEH N s A=)
FE R 2 — o AR 2 Ak,
H ARG R BEE PRI B R3
PR R S AEAE AN RO AR TR S = 22 10 1Y
ST, A I I S g 2P

GEMBT 206 TR, 5 A E
FEAC BT T v A5 v K DX rh K B R I
o AT 52 30 25 SRR, REIE i il 1 R A

LR T B R ERAF M N AR A i
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The allelopathic effects of Ulva linza on Isochrysis galbana

HUO Yuan-zi'*?*, TIAN Xiao-ling'**, WANG Yang-yang'*? JIA Rui'?,
ZHANG Jian-heng"** | HE Pei-min'***
(1. Fisheries and Life Sciences,Shanghai Ocean University ,Shanghai 201306, China ;
2. Institute of Marine Science ,Shanghai Ocean University ,Shanghai 201306, China ;

3. Water Environment & Ecology Engineering Research Center of Shanghai Institution of Higher Education
Shanghai 201306 , China)

Abstract; The excessive growth of some species from green algae, such as, Ulva, Chaetomorpha and
Cladophora ,has been reported in the formation of macroalgal blooms or green-tide events in many parts of
the world including Europe,North America, South America,Japan and Australia. In June 2008 the world’ s
largest green-tide ever covering about 600 km” occurred along the coast of the Yellow Sea. Over one million
tonnes of green algae were removed from the beach and coast, which caused huge economic loss to the local
government. The cause,origin tracked and threatening to the marine environment of the green-tide and the
possibility of recurrence have greatly concerned government officials and scientists. During the period of
green algal bloom, macroalgae could inhibit the growth of phytoplankton, which could modify the trophic
mode of marine ecosystem. Ulva linza was a popular species of green tides that occurred along the coast of
the Yellow Sea. This paper studies the allelopathic effects of the macroalgae U. linza on the microalgae I.
galbana ,in order to provide some theoretical proof for evaluating the effects of green algal bloom on the
marine environment. Allelopathic effects of fresh tissue,dry powder, macroalgae culture medium filtrate and
aqueous extracts of U. linza on I. galbana were studied in the laboratory using coexistence culture system.
Different initial inoculation concentrations(0,0.5,1.0,2.0 and 5.0 g-wet/L) of U. linza fresh tissue, (0,
0.2,0.4,0.6 and 1. 2 g-dry/L) of U. linza dry powder and (0,0.1,0.2,0.5 and 1.0 g/L) of U. linza
aqueous extracts were used in coexistence culture systems. The results of the coexistence assays showed that
the growth of I. galbana was strongly inhibited by fresh tissue,by dry powder and by aqueous extracts of U.
linza. When the inoculation concentration of fresh tissue,dry powder and aqueous extracts was 5.0 g-wet/L,
1.2 g-dry/L and 1.0 g/L,respectively,the cells of I. galbana could not grow normally or died completely
within six to seven days. The effects of the U. linza culture medium filtrate on the I. galbana were also
investigated to confirm the existence of allelochemicals. The growth of I. galbana was not significantly ( P >
0.05) lowered by macroalgae culture medium filtrate under initial filtrate addition for long time. On the
contrary , the growth of I galbana was strongly inhibited by U. linza culture medium filtrate under
semicontinuous filtrate addition. It was speculated that continuous addition of allelochemicals was important
to effectively control the growth of I. galbana. I. galbana was not inhibited when inoculated in the U. linza
culture filtrate which was boiled at the high temperature and high pressure, which suggested that
allelochemicals from the fresh tissue of U. linza were unstable and degradable at the high temperature. These
tests prove that U. linza has allelopathic effects on I. galbana. These results not only provide insight into the
cause and mechanism of green algal bloom,but also lead us to speculate and evaluate the effects of free-
floating green macroalgae on the marine environment.
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