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Abstract: Harmful algal blooms of the coastal Prorocentrum donghaiense and Skeletonema costatum have been the focus of
many studies, primarily due to the devastating effects this alga has had on the aquaculture industry. Prorocentrum
donghaiense and Skeletonema costatum are widely distributed in the world. Prorocentrum donghaiense and Skeletonema
costatum have caused great economic loss in many countries. Allelopathy is a prevalent natural phenomenon in aquatic
ecosystems. The phenomenon of a large number of marine macroalgal proliferation is called ‘ Green Tide’ . Generally, green
tide occurs in spring or summer and end in summer when temperature is high, but sometimes extended to the fall. In recent
years, frequency and biomass of green tide are rising totally, it has become a major concern of the international community
to marine environmental problems and ecological disasters. Green tide occurs in the south Yellow Sea of China from 2008 to

2012, which bring about significant losses to coastal fisheries, aquaculture and tourism, causing significant impact on the
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natural landscape too. In recently years, Ulva prolifera is the primary peacebreaker algae of green tide.

At present, Ulva prolifera has been researched more, but mostly focus on ecological characteristics of Ulva prolifera ,
algae composition and Ulva competion with microalgae, less focus on the influence of Ulva prolifera on water-quality. This
paper studies the allelopathic effects of the macroalga Ulva prolifera on the microalga Prorocentrum donghaiense and
Skeletonema costatum , in order to provide some theoretical proof for biological control of harmful algae blooms.

Allelopathic effects of different solvent extracts of Ulva prolifera dry powder on the harmful algae ( Prorocenirum
donghaiense and Skeletonema costatum) were studied in laboratory. The results showed that growth inhibitory effects by
different concentrations of distilled water extracts and three organic solvent ( methanol, ethyl acetate and n-hexane) extracts
from Ulva prolifera dry powder on two microalgaes are obviously. The inhibition rate becomes higher when the concentration
increases, while it may promote the growth of microalgae when the concentration is low, which are similar with the effects to
other microalgaes. The distilled water extracts are of the weakest growth inhibitory activity on the microalgae. Methanol and
ethyl acetate extracts are of the highest growth inhibitory effect on two microalgaes. So it can be deduced that the extracts
from the chemical with higher polarity have the higher inhibition activity. The sensibility of the microalgaes are different that
Prorocentrum donghaiense is more easily affected than Skeletonema costatum, which may be caused by the characteristic of
the cell structure. The growth of all tested microalgae was restrained by the distilled water, methanol, ethyl acetate, as well
as n-hexane extracts from Ulva prolifera dry powder, and the lethal threshold of Prorocentrum donghaiense by the extracts
above were 5.00, 0.50, 0.50, 0.63 g/L (equal to fresh tissue were 22.00, 2.20, 2.20,2.75 g-wet/L) respectively in the
first three days. In addition the lethal threshold of Skeletonema costatum by the four extracts were 20.00, 1.25, 1.25,2. 50
g/L (equal to fresh tissue were 88.00, 5.50, 5.50, 11.00 g-wet/L) in the first three days.

Key Words: Ulva prolifera; Allelopathic effects; Prorocentrum donghaiense; Skeletonema costatum; growth inhibition
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Table 1 The experimental conditions in the assays for the effects of Enteromorpha on red-tide microalgae

SR WL BRI fiyE S 't HE i It HE ]3]
It (Jv ) Concentration gradients Temperature Tllumination Photoperiod/
ems /(g/L) /% intensity/Ix Light : Dark
- N2
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e 1
Z'fm,ﬂkhm% 0 1.25 2,50 5.00 10.00 20.00 20+1 4000 12h:12h
Distilled water extract

R 2|
ﬁm{?lljﬁm% 0 0.03 0.13 025 0.50 0.63 1.25 250 20+1 4000 12h:12h
Organic solvent extract
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FHT, By o IR L IR0 8 B L LR B 5 B, o N BEZEL AR AR 388 ¢ B 2] B S M B L B, R SE B 4l ) s
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Fig.1 The effect of Dimethy Isulfoxide ( DMSO) on Prorocentrum donghaiense and Skelet costatum
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Fig.2 The growth of Prorocentrum donghaiense in the presence of different concentrations of extracts
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Table 2 The effection of different solvent extracts of Enteromorpha on Prorocentrum donghaiense

‘ Sk . ’ “HBUIE
VB . - 72 h il H A R -
) The algal densities R 50% effective
Concentration The inhibition Average .
. of the end ) concentration
gradients/ (g/L) /(10*4~/mL) rate of 72 h/% growth rate /% (ECy)/8/L
X HEZH Control 0 70.7 0.0 131.7
1.25 96.3 -11.8 182.8
—— 2.50 12.0 124.7 13.1 L79CTHIA)
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— 0.25 29.7 48.7 48.8 0.24(FH1A)
= 0.50 73 107.4 3.7 J
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0.63 0 210.0 -11.1 1.06 ( Fit k)
1.25 0 — -11.1
2.50 0 — -11.1
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WiEs LR SR BRI - 1 J5 TP S A R ARV AN 2 7S 5 1 P R U o 52 3 v K Ve Dt Y
Az K LR, [RIAE R B BRI BE (0.03 g/ L) X RV It H e A SR R (3 T 38 2 s e AR Y
H B A AR LR S0 A F) 3 2 249 5 0 R ZEL RE AR AR ], 0 A 2 AN e L5 Y 488 B 45 o 52 6 o AR v
JE PR A 6 LU, BEAh , 3 35 TR LRSIV ZR TR IS FH 8600 72 h EC BN 0.14 /L, e 4fE e
H LR CTAR BT AR T i R S T 06 1 BT 4 B8 B AR 2 2008 0.10 g/ Lo 33X 5590 & F B4R U ) 2R V6
i P S )RS A 400 T e LA ST, AT, 3 TR TR £ TR £ B 45 52 W) 2 T D P 38 2 I A B0 T 10 (L VA
JE 5 W EERIBCYIARL, 159 0.50 ¢/L,

W IE C B R AR T 5 P A R ROV AN P 2 s o DCIBT rh 2 J R e iy 2t 2T DU H VR B2
9 0.03 g/L HYIECBEERIBCI AR INAT 0.13 /L (4 1E C et HUP s oo A< v S 38 1) AR A 2 M A s/
H N 0.03 g/ L A IE C e B BV S T R 76 Jt P 38 09 2R ISR B B/ N AR HEAE JH MR 2R 013 /L HYIE
CLBE SR BT AN AT X 7R Vi St P A U e A AN R 8 35 A A . MREERE 20 0.25 o/ B IE 2 hede iy
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PR INE X 2R i S e A K R B e PRI E R R 2 R, R AR SR R H R B A KR
48. 8% , LI T XoF AR L 2R 16 I 9 H P39 4 KR (131.7% ) B Al id 0.25 o/ L (1) H LR 2 R R4 LY
TN A R B e G BB AE KR (1.0% 1 2.4%) o BEAb, W7 & 1E O BE BRIV A AR T R H 35 1 72 h EC fEH R
0.24 ¢/L, £ FHEIF & IE C oe B IO 6 A< 1 J5 R S ey b 304 ikl 4 R B BBV B2 29 0.15 o/L, Mk
9 0.50 g/ L IE O BESEBUCYIAS IS, WX 7R i J5 g ) A 4 SR B A s U A A, A i L2 18, i3k
2 o I AR ) H SR AR RAUR 3.7%, MR} =0.63 o/ L A IE C e SR B A N, DX 4R 0 i R 3 i)
AP AR BN BN, 3 d PN B AR T i Y e AR A A0 T VR B R I 2 d AR, UiP 0. 63
o/ LI IE O BE 2 BUY) 252 i 2 1 J HP e AR K 1 BOEVE F BB VR B

g5 b JF HR 3% 2 T S [RIAR PR 500 A 25 B BB s T B, AR Vg it HH 3 I 3 A K 3 RO JEL g 41 ) 23R 4
SRR, AT VAR SR S B AR R s A KRB A B R 22 5, Hi 22K i iUy & 4
A 1o AN AR 2 A 2 X 2 T it PR B 1 2 7 A S ), U Z8 TR K A B BOCRCR LU A HILIA R 25 . WREESH 0.03 /L
(LYTHR T B BAR 0.11 g M H/L) A HLIE R4 O 7 i s 2R v I Y i i AR KA B s =, o i BE R &
1% TR AR B %ot 7 18 S F 9 0 A RS i A/ | 5 06 R AEL A EE AT 25 W /DN AR T o D 5 i skt e B I 2 o 2 BB ot
IR S ) R Ry — o A DR VR P o R B2 050 v 1 2 BB 5 1 D) o i PR i 357 ¢ 300 kg A [ 7 2 19 400 )
o 781K HEE R B | IE Ceir & $E U 2 m A< 1 I HH e A= 4 0 SO FH B0 (E R B2 4351 R 5.00,0.50
0.50.,0.63 g/L(AH T £ 8 fif g Ak 5 22.00,2.20,2.20 ,2.75 g W H/L) , UhBAH L LR S BRI X i &
TR A R RN A v I 3 1) S AR VR B o B e, LR I O b, B 22 R 78 IRK SR IO . ILAh , iF & 4%
ANEF RN 0 R 3 (Y 72 h EC,, (HAETS AR R 2518
2.3 WS TRAREW X b AR K R R

W TR R I ZE IR K S U p B 2k i AR K 2 n ] 3 K 3% 3 s, MK 3 B9 Rl R e i A
HIZEmT LIE H, SXTIEZL (0 o/ L W) A EG BV BE (1.25 /L BN BOWF 5 T8 A 2808 /K 45 e o v il -
ZRBE AR I BA T PSRRI A 3, FEE SR B Uk BE 3G I, mT LLE B il 2k e i 2k

i 600 g E
0T sk o
ot o
: —a—0.13g/L
400 ¢ +§~Sg§% 400+ o 025
v —<—0.50g/L
0 et bt
~ 3 —— . 2
=2 5 200 f 1.25g/L
£3 200 |
£ 5100}
S 5 100 |
X 8§ 0F
=3 0 ——¢——+——1%
ﬁ% 0 2 4 6 8 10 0 2 4 6 8 10
M
(=}
Zoo0| zmzmimy 600 | IE eI
i £ —=—0g/L —=—0g/L
23500 . 0%)3g/L 00 F L, 0.03gL
“E's ——0.13g/L ——0.13g/L
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Fig.3 The growth of Skeletonema costatum in the presence of different concentrations of extracts
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32 B B I RN BTG I HEREE o s, W10 B3R 3 ATLLAE th H AP A KRR, rh B 43 H
SER KR 2.50 o/ L RN Y 795.0% K% 2 10.00 o/ L TN Y 433.9% . [RIHHI i & 28 18K $2 U
Xof v P B 2% T R B R B (YR BE 29 R 1.50 o/L, BEAh, B3 3 AT, i &5 22 0 /K SR BU ot v il
SRR 72 h EC,fH A 11.74 g/L, 243K JE K 20.00 g/ L (ZEK BRI AR it | v il 4 e iR AE S0 56 1 d wi
BT, BLHH 20.00 g/ L (4 ZE 08 7K 48 HCH A8 e 52 ) v Bl i 4% e A K M BOE VR BB IR, KT % T1%
(B XA R B I B0 . AAFR 3 g 58 AT IR B [RIAE S5 R

x3 WETHRARBAREX & &R E KM L8

Table 3 The effection of different solvent extracts of Enteromorpha on Skeletonema costatum

Ve FE B I g - 72 h % HE K i
. ) The algal densities o 50% effective
Concentration . The inhibition Average .
. of the end o concentration
gradients/ (g/L) /(10“4~/mL) rate of 72 h/% growth rate /% (ECy)/e/LL
X HRZH Control 0 543.0 0.0 1085.9
1.25 559.3 6.0 1118.9
P— 2.5 399.0 31.9 795.0 TL74(FHA)
7% LY
LH_” o 5.00 324.7 34.1 644.8 l
Distilled water extracts
10.00 220.3 46.3 433.9 51.66( k)
20.00 0 — -11.1
0.03 453.3 2.2 904.7
0.13 323.7 26.1 642.8
— 0.25 196.3 56.7 385.5 0.1 (CFHA)
0.50 25.7 80.4 40.8 l
Methanol extracts
0.63 10.7 121.5 10.4 0.97 Hr S )
1.25 0 136.9 -11.1
2.50 0 — -11.1
0.03 503.3 -5.0 1005.7
0.13 355.3 28.0 707.1
BT 0.25 192.3 61.6 377.4 0.18(FHA)
e 0.50 25.7 96.7 40.8 l
Ethyl acetate extracts
0.63 8.5 128.8 6.1 0.84 (FrHuEE14)
1.25 0 168.6 -11.1
2.50 0 — -11.1
0.03 536.0 -5.0 1071.7
0.13 436.0 8.1 869.7
— 0.25 4237 44 844.8 0.81(FHA)
L 0.50 407.0 12.0 811.1 l
Hexane extracts
0.63 402.3 12.6 801.6 3.56( Frit )
1.25 211.3 95.9 415.8
2.50 4.3 134.4 -2.4

—. 72 h AU RN 0, oy AR 72 h R

WFE F B ERUY T b I R A KRN A 8] 3 536 3 B, BRI BE (0.03 o/L) YR & H BEER HLY)
BV I 55 % HRZEL AR B, Pl B 2R 1) A R I 2 AR — B0, S in vl B8 XS AR A A i 2 il 2 35 (P>0.05) o HH
3 FiR , BEE S S IR FE W 3, i 2% B 00 A 1 32 20 I i 7 i 7 38, ELAM R B i K, |
AR R BEAL , MR RS 5 0.13 /L BRI BL T X5 R 5 AR KB 2 i B0l VB, e fR kA
BHCERWINAKIIEE , F & 3 $HE 5 280 K S B v i 2% 38 U s B i FH A0 (B MR 24 8 0.10
g/ L, BEAh, W& BRI 6 i 2530 72 h EC fE M 0.22 ¢/L, HIE 3 v LUAE H, 249 R 0.25 ¢/L i
5 AR U 00 A T DU XT rh 1 S B R AR R R I T AR A I RIVE T, 3% 3 15 0 LA v il B AR e e AR
B H 24 K BRA K 385.5% , e/N TR IRZHAY 1085.9% . I 0.50 g/L 5 0.63 g/L WF & H L B Ay 7%
JOTESE YOSt v P 2 i 0 A K A i R A PR RN, AR KA RS AR B B8 K 0 B R 40.8%
10. 4% . MR EE =1.25 o/ L BT o 4 i 09 A K = AR s ZU A SO RN, 2 d PN B0l 7 v D P s e Ak
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SERFET S, ULEH 1.25 o/ L B FH R O O 0 2 5 i v B 2R i 2k K M BOE AR BB R B, KT %5 TR (E I
X EEAR R BN A BRI . R 3 A Rt v LA B RIS

W8 O CBRIRBU X B s A K Oy e 3 536 3 s, IR IE RN E (0.03 g/L) i 5 H
PSP T B 2% i A A R s e R B ARARL, 6 v B SR e AR K s i M AN, MR Bk 0.13 o/L B9
BN LT L BEBE I X v B £ i A A I S Rl VR T DA 2R mT DU HE 0 A B0 KA 2 1R
B, 3 MR & R O Fa B 3 v B 25 BT 46 Hh BRI IR FH 0% B MR B .29 8 0.10 /L, ILAF,
W R SRR B X B 4530 72 h EC, fH°M 0.19 g/L, 7E 0.25 g/L AR H B A8 I st 00 i S50 SR 5 B 4l
B 0.50 g/L 5 0.63 o/L B RYWFE LR S BRSREUYI S B, X5 o Bl i 2% 3 1 A 4™ A AR s 20 9 0 )
VER A HTETE IR A SRAK, P 40800 H P39 A KR A8 40.8% 1 6.1%, JMRFEIR 1.25 o/L B, 5
399 P9 BT o b R S e R AR T, WA 1.25 o/ L (1) LR LT AR U R N2 5 ) v b R A e A K I BOEAE
B (Ve B, R 4 T2 B X i A 2 B0 Ay e B S8O8E 25500

HFE IE OB T o Bl 2 A R s8N A&l 3 BT o DAL P i SR B AR AR R R T DU 1 Yk
4 0.03 g/ L {9 1E b B8 B S T xof 24 18 D FHY 98 10 A K R 52 Wil T3S/ N, B0 M B /N AR R T R
0. 13.,0.25.0.50.,0.63 /L [3F & 1E L B S U 7 ik 7 v Jit PP g 1) A i et LR BL . 3R B0 A A /0N (g 4100 1
YEH , NFe 3 5 Ik 4 75 J R 95 A H 38 42 R4 5 R 869.7% .844.8% 811.1% .801.6% , X FRAL (0 o/L ¥
T B B AR 1085.9% A0 22 R /N, R & 3 I & 1E C e B IOt v Bl B 45 BT i B B0 sl 4 FH 7 [ 41
WEEZ) N 0.15 ¢/L, MeAh WA & IE C A BT rh I 25860 72 h EC, fH0 0.81 g/L, W E N 1.25 ¢/L
B IE e AR B A I, X il B 2l A KRB B i S A R VE . PR 38 3 i, Bes o i B 258 0 H 7
BIAERK3R 415.8% AL TR HRZH TPl 2536 1 H P 344 K 6 1085.9%  (H 5 vk B2 Y F B8l R 2 iR 4R
HUYas s v i 45 A S I BOER B LL , W & 1E O e SR B 73 0 ek v A 2% 388 A9 A A AR R 3 S AR G 5
P, MUREE N 2.50 g/ L BYIE O BERE IO s mast, WU o il 4k i i A 4 = AR s B BB, 3 d B
T B SR AR AT R EE R 2 d NESE, UEBH 2.50 o/ L W IE OV BRI AR I s g v B B A
KA BIEVE B

ZE L H 3R 3 TSR RIS S B B S B VS I, B 4 H 3894 KR R i ] R AR S 8
Fiw AT AR 45 W FLE & SE U0t vh i B S A RAE A B I R 25 55 0 2808 /K 4R B R 22 3 vmn s
WA 6 R B AR A 2B = A S ) U BH 28 B /K A B IBURSCR AT HILIA R0 22 0 X AR Vg J H e 1) S 3645
SER B WREER 0.03 o/ L( AW E BB ERAK 0.11 ¢ IR H/L THRASS]) A HLIE RSB It o il & 4
B KA B RS, Horp B EE RO B AR i AR R /N, 556 BRAEUA B R N B A R F
TR BE 2R 2186 45 TF C e B BUC X v i B 45 B ) 2 300 8 — 5 B A ] IR B I5E 2 18R 2 TR 4 BB %o o8
RAEF SRR L R A — e 255, IS IE O e —80, WRBEH ) A SR B a8 I o v i i 2 e 1
TR AR R L AR . 788K W | R Sl E Ce i & BB sZma b il i 45 A K A B E T 1
{ELHR B 430024 20.00 ,1.25,1.25 ,2.50 g/L (AH 24 T &8 fif i 1A ik 2 88.00,5.50,5.50,11.00 g {B & /L) , Uit
B B | TR TR AT 5 4 AR A B IBOROT )i 25 1) s A VR R ek BRSO I O e, e 25 1R 2 7848
IREEBOR . 5 7R 16 J5 Y 38 SO AR X B, 45 s 7R S BB T v ol B 4% i 1) S5O0V FH BV BE AR, e Ah, Fl iy
BB FERIBINT TP S50 72 h EC,, (B AR L BETS AR R A 2514
2.4 AN[E)A TR B EC X V9 o A 0 e A A ) B

N T 5 700 45 B A0 S [0 Ve 5 R 0 %o O o 20 T 088 72 SRR A LA n 18] 4 B . AR ] LB B
R ) 4% 1 %) B B 45 m it b 2 7 DR 986 0 72 b A ) SR K T Rk b B A AR R O Bk
(=0.63 g/L) A LA RIS AR IS A0 8 3 d (N3 E 80T, JEIRA 72 h il

W 2RI K SN AR [ R 3 5 P B AR B s AR E 22 R, VRS 1.25 o/ L I &5 28 1R /K 32
SRS ORE AR L 4 Y 72 h SRS (B (= 11.1% ) , RN BUNSEEVE T . i b B2 A9 2 1R /K S )
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I B 2R B 72 h B REON IE A (6.0% ) , RBCNE/NOIIHIMER . MR 2.50 ¢/L F12.50 ¢/L Z&1H
KB4 B XoF 3 P P R S 1 72 b e 23885 O T M L 2% SR, e AR SRR Y 72 b A 3R 2k
HAHE 5 A5, U BIZE IR K I AR S R 0 v A R s T B AR S AR AR R R A
YEFRH . BEAN, 3R 3 A & 28 1R K BEICY A AR 18 S5 Y 8 5 T i 259500 72 h EC, H A 51h 1.79 ¢/L 5
11. 74 ¢/L Al 15 —E 4518,

WFF TS S S ) 2R T i R e 5 P B SR B R 3 an 181 4 s o IR EE (0.03 o/L 5 0.13 g/L) Wi
FA AR IR T 2 T D 3 5 P R B 2R B 72 b SR ERAHE VR (=0.25 o/L) R & H EESR IR X AR 1 i
PR 3 5 v B 2R 0 O A S 1) 2 SR A WS O %) 18 R, Ko 4 Vg D Y 9 19 o il e Gt e R o o vl o
BRI BRI A A RSN AL BEAL, BR3P A P AR B X A U S S P T KR 72 h
EC fE51 5174 0.16 g/L 5 0.22 /L o AT A5 & HI B ER 0O XoF 2 T Jt FHY 98 A 400 o 47 P O k2 2

200 [
160 + ZRUKIR A — B RERR IR
[ 1.25g/L 180 = L[] 00l
140 ¢ 2.50g/L 160 | = 0.13g/L
120 + 5.00g/L » = 0.25¢/L
or = B3 050gL
100 120 | — [ 0.63g/L
— X 1.25g/L
80 100 - —
60 t 80 | N=
< 40 f 60 r —
=] |
£ 20t 40 r =
g 0 1 20 ] —
N o L=ZNS
= TR B w5 Ak FRU R ol A
oA Prorocentrum donghaiense Skeletonema costatum Prorocentrum donghaiense  Skeletonema costatum
E
=
A, 220 .
oo | — ZMZEY ECmRR
120 = [ 0.03gL 100 | = [ 0.03gL
I — £ZZ2 0.13g/L = 0.13g/L
160 - = X 0.25g/L 80 - — 0.25g/L
140 — E3 0.50g/L — B3 0.50gL
120 L = I 0.63g/L — [0 0.63g/L
100 = & 1.25g/L 60 = B 1.25g/L
807 N\E 40 | \=
60 - = =
0 ¢ = 2 | =
2 | ﬁ? = % =
TR B H B AR TR B Hh B AR
Prorocentrum donghaiense Skeletonema costatum Prorocentrum donghaiense  Skeletonema costatum

B4 FREFRFRIYX AMIAREEN 72 h 1§ R LR

Fig.4 The inhibition of different solvent extracts of Enteromorpha on the two red tide microalgae

W8 LR TR EEBUC X AR 1 I P e 5 v ) 2 e %) o A A P AIRVR B VS sk e B AH I B4 . 0.03
o/ LR PE A HF & LR TR B U 8 X} 24 V6 Jir F 9 3 0 g /N AR AT 0V T e e v o e 4% g ) 3 B M 3 /N Y
PRUEVERT B W BE W 85 SR SR AR I | B Tk B () B ikl i e R R 4 i R B R A R, ISR T
B 5 TR TR B B %o 2 T D R s 11 72 b A1 23R Lo b B 2R ) 72 h BIRR B R MR R 0.50 /L 1Y
W IR TR -0 DU S 4 72 b 300 R TG T v, 00 B L I 30 s e A BB T B VR . R Tk
R T 7 TR TR HR U VA 0 8 24 08 J P S i AR R P T PR 3 72 b R, BRI & 2R L TR
PEIYAS IO 2 T St FH 1 o 2 VR R G R T e B 4R B R e AR AR, X S5 0 B BB U 1 S e 40—
., A, R 3 IS R S BRI N AT R B S B AR EERY 72 h EC5, fH A 0.14 /L 5
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0. 19 g/L W AT & LR LRSI 0T AR 1 vt R S g o o 4 B 3

WFE IE OB U X R T 5 i 5 b I B AR B R AR AN 18T 4 P, ARHREE (0.03 /L) BYIF & IEC e
S IBCYIES IR 2 T S R 5 P B Al A S A A T 2R IR 2 A P, ) 2R T8 D Y R A i R R BE S BT
W IE C B B VS I BE A3, X AR v S5 P Y 72 h i AR GE g i R B R T 0.50 g/L A 3 d N
PRAERIET , IR W 1E C e SR IO S e B2 A 4 0 vb B 25386 10 72 b S SA R A2 A B, Horb 7
WIMASEN 0.13 g/L 2 0.63 g/L If 72 h | ZAHR AL/, 28535 1E O Sede BU S Ik 22 0 1.25 o/ L i
B ARG 72 h AR AR O BB I i B E T B . BRI 004, 1 7 IE O e f I
WA RS 2 18 D B ) s AR A P T 0 o il B 2R R A e AR AR T 3X S o TR IR RO L B TR LR SR
SEER A IS AR —B, A, th3R 3 B & IE O e IO X AR v Jst HP e 5 P il B 259 19 72 h EC, B2 R
0.81 g/L 15 0.24 g/L WA 155 5 1E C Be S O 7R T8 D Y 388 ) 400 ol 4 P O A 2 8

g5 LRTIR W AT S S A REAN mla 2 E PT AR R E AR KA s AR i, X5 AP A — 265G TR
TUBEEIHWITEAR— B Jeong 552 WFST & I 20 Fh K U5 1) 2 LB IR A 5 ) i LA R i v, R — Lt
B 21 A 2R T I R 2% R K A RO 6 — 26 iR i O B AT 0 AR R AR, R B
Myriophyllum spicatum FERERFEE R HE 2R G0 43 WA FR 2 ML & a2k K B — e ikl R o
TR A R I R A SO AE AR BRI R FRUE B se A W, B Y A AR R B 5 L 40
PRI A R AR K B —E B AR i TR SR e B A A RS, TRORIREE N 1.6 ¢/ L I XS
DRI S5 2 A T S B R T T LA AL P M 3 2R 9 L W 5 R U X 0 1 400 o) R T e B
S NI KB e AR B A B R AR 3X AR R S5 18— 20, EAb, W 0 2R ) S 25 e A O E A ] I (U
JE O B 2R e AR T D PR AR B R B 1R 38 0 2% A e A I RS 25 22 57 (R MV T A0 )
o ik P4 A R v AR

A R EE R AE AR 35 45 P U 2 X 25 ol R S IR A SRR FE AN TR, BVAOR IRV
I, AR D FHY 35 15 v 1) B 2% B AR B R R R o, RV it Y B P T i 2R, IR RE R T AR T I
BRI TR T 2R B A M S M R R T, Pl 36 3 R & S B X AR U B 5 R I B 2886 B9 72 h EC, fER A,
AN TR TR R S BB 0 AR v Y B AR T e v B 2R e e 55 oh IAIRT 4wl IR B 7
X 33K A 8 e A P ) i B2 80 D 2 DR S HAT A FH AR | 5 500 1) i SO e ARG v B2 7 00 1 T LA
BT AR B AR AR T s R g R (R 4 e A A B AR i P R O LA R
ol (AR S o UL TSE R T R 3 X A A o P ) A BT AR

AN, S W R 43 S AR BUIF T AR /b o R A5 20 N e A4 W 5 7 P A R AR gkt e i 2%
BERYINI Y BT, FEALEE O- /R RBIK IR 5 TR 174+ NS . BRI BT B AT A ROR B
T RE . PN T HIFSE 53 HT 5 A 00 55 S 5 0 2 1 5 L R 2 4 £ R A A
AR,
3 ik

ARSCREMTHE T 4 FARIA R (I ZABK P CPR AR IEC ke 3 MAa LA BHFE T AR S
B 2R ST AN P B Al AR R R S AR VR SEIRZE SRR Wr o SR O P S5 A T LG X PR 2
TR A K se AR, e AR AR T RAT B S A i 2 28007, Wk B2 AR IR (0.03 g/ L) P RE2x R BN — 5 Y e kAR
FYVE T, TEH5 s 14 2 Iy 2 I A4t A T, B A5 o B2 B, S0 et A P A8 o ) B SR 3 < AR e 4007 A
A3 5RO A A A A T AR

ZRUR KGRI 0T P Ao o ) 8 1) e AR VR TN T LI R B2 O, T A LV AR, BRI 2R £ T i B X
B A ORI, TECBE AR 2 o ARIEAR U 0], Rl A0 25 W s 128 v AR ) Joi v e A5 A0 B 23
B AR BRI A LY

PP 2% T 0T 5 A o SRR AN [ R T D R S8 ) 5 A 0 o ) B v T b T i 2
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