WS B4l ] ok B Vol.5 No.4
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7 hAER L T E RS
SHEEEKIER

WxH XEE FEF

(P ERFAHRFHRE SRR TN, F 8 266071)

W OE R oPRERLAENRSRARGL KT ARRAGREER, EAFEKR
ERERE, @M% 7.28~87.40 pmol/L, 4434 6.36 ~57.23 pmol/L, &% 5.78 ~ 17. 34
pmol/L. X 3 FHLAENRERLSFHRBRAESF #.36.42~65.55,19.08~57.23
$25.78~17.34 pmol/L, THMNRHEREHE 21.8% ~24.3%,10.4% ~17.2%F 17.
9% ~23.0% "t R EF S FRANEASAEET 29.3%~41.2%,25.6% ~38.1%F36.5%
~40.3%.,

X@IA ALaE, sFasR TRE AKX

k70 R A LA R A R AT O, 20 M, B UK R B W LA R R 5
FEC BB ER AL, LSS I O R BRI, TR R N
o, BISUENS, BOEH L TR M oK Y (R A B B RAOAE A, ),
@R, RREAFR LR RRARRAKT, (00 0.01 /L

Yt TR T 1A % o L 1 B T80 T 5 S PS5 R0, WX o (R % 4
TR KBRS SNBWE BAR LR ENTRESRERD, BARLHER
ATEC MR EWE R KIS EID, I T #H LA EAERARSES KAV BHE
SV, A — O XA K I, X R T RoF ER L
TR S IR IR S WA B,

1 #EEHE

1.1 SEBRHHEEA
REWSEM IR LRERE. TRAEKRAFEXBER, F 30~31,pH8. 1,

Y 3% 18,1997 - 04 - 07

« HFHRRFRLSWRINA

1y BEE #EN, ERY. B Lo b EFR FR M RN ESER (R,
7) MM, BEE EEF.MIuRSESREKMEM(RER).

3} Youxian Yuan, et al. Enhancement of rare earth for growth of Penweus chinensis(in print).
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EKEULE VIR, RARZBIED & W, SRTARA YRS, #(La0,). 4L
(GO MEE(Yb,0:)( LR BB 6 &BERA T B AR AE IS, FAR KRS R 1
000 mg/L{RITTR I %, AETRR.
1.2 XWHE

£ 250 ml ZRPeAEh, WEREGK, i AR S EE R, @RAAEY 150 mL, &
SRR AR BE 29070~ 80) X 10 mL !, B FAEIEIE Cu: Cp: Cou 7 30:2:0.5(mg/L), -5
BRLEE, B 1 WEE S IO, A RIS, BEREEQS+ DT, Ffa A%
FU40 w B AT HOLBE, F 838 B 2 4 000 LRI B 64 B8 7= 2D T B0 M T
o SEREENE: R =11:13, 5 HBILARS AR EIFED 3—4 K, Bl 5, A
UV-365 HiBAHIEEEH( A S H) 78 550 am 4b, Bl 1 om HRIE, DK b 2 Hol 52 18 3%
B, R E AR B HERIE. B S5 M ITRER TR E IR L RS
MEW, B RBRESRHEBEN, TERNNTHEBOSERNENI Y PR ENE.

2 SRS

2.1 BIuEXNFEGHSWEREOY N

2.1.1 MXREWERFEAGPE LRE )XY, MAWIE R 21.85~65. 55 pmol/L
RIS, SXRRA LR, S 4 d FPIR, SSRA MBI B (P<0.05) & T, AR
B39 7.28~87.40 pmol/L FYMESE 6 d, H AR KR (P<0.05) BT R4, mMA
W9 36.42~65.55 pmol/L W& 41 5 P SERR A Ho AR, WSS 5 d FREG, RSB (P<0.
05) M. 6 d, AN 36.42~50.98 pmol/ L #9405 4 BRZAE A £L, 40O 21.8%
~24.3%,

500
450
400
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250
200
150
100
50
0

conc. of cell

sapk A [ (x104mi)

1 2 3 4 5 6
. E# days
EHE @728 WM2185 mg3s42 MBE5098 @6555 m87.40 pmol/L.-

H1 #HREESREANER
Fig.1 Effects of La on growth of Isochrysis galbana

2.1.2 HEMHEWESREHENOTW ME2 B, LIWARR 6.36~57.23 pmol/L 95
BT 40 T, HREHRB(P<0.05) BT X EA, MARN 19.08~57.23 pmol/L B
AXWA, 75 6 d WHKIH B (P<0.05) BT H T4, i, 24000 40 M3k BB R 2R 31
10.4% ~17.2%.

2.1.3 SNMBREWESREENIBW SR(E)EV, AE SR KENS.78~17.34
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pmol/L BAKMMBEHB(P<0.05) @ P EEMAEA. FHed MMARNS. 78-17.
34 pmol/L B, RIEC R T, Lout B 4R, S BV BB 17.9% ~23.0% .,

450
= 400
E_ 350
2 8 300
» L
:;3 250
:é £ 200
(5]
g ¢ 180
E 100
50
0 5 =
1 2 3 4 5 6
X # days
g% @636 m15.08 w3180 m4452 M57.23 Ww75.31 Lmol/L
H2 {XREESREANEN
Fig.2 Effects of Gd on growth of Isochrysis galbuna
600
= 500
E-
e 8 400
x5
® £ 300
§ 8
' 200
100
o
1 2 3 4 5 6
R4 days -

BE&% m578 W17.34 @2889 94045 w5201 umol/L

B3 SMESNSRREANES
Fig.3 Effects of Yb on growth of Isochrysis galbana

2.1.4 TERLHNBSESREAOKE SHRS b ER DHRSHSWE KK
SRR RN, PP RRS (A TR S HE & W A K A B A M B (B 36. 42 pmol/L, %L 31. 80 gmol/
L, 48 17.34 pmol/ L) HEATXT SR80, FIEHEZ A BER, FRAM LM REBSRELK
FHENERER(E ) EWE, NE 44 T8, CRHAMBRBAB(P<0.05)H T RE, W
X 3ALREZHESEP>0.05)2R, HUFARK LRSS ESETHENRAEER,
AETINERRENRERERR. ENMNARKENH 7.28~87.40 pmol/L, $L.6.36
~57.23 gmol/L, 5 5.78 ~17.34 pmol/L; B AEMRE K 36.42~65.55 pmol/L, $1.19.08~
57.23 ymol/1., 8 5.78~17.34 pmol/L. BICVERZH, BB LIRS ESRARHENE
B AR T (U RERE R 12.04~48.17 umol/ L., FESERYE,
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500
450
400
350
300
250
200
150
100

50

conc. of cell

SRFE [ (x104mi)

¥4 days
L R m36.42 m31.80 m17.34 pmol/L

B4 FRBIAREFEREANL W

Fig.4 Effects of different rare earth elements on growth of Isechrysis galbana

2.2 BiInR{RAKREWLSRHFESRNEE

2.2.1 MNHEWERVHFREMOTM MELTEH, WMWAKE R 7.28~87.40
pmol/L METRH, NE3d T th, HURESERTFXBE, $ o d 0f, HHSE S BHX
BRARE29.3% ~41.2% . XSHTREHW S BAE K ERHKEETRE R,

R HNREEESRMZESANK LR R

Table 1 Effects of La on systhesis of chlorophyll of Isochrysis galbana

RS E/ (pgr 17" cone. of chlorophyll

Cro/ (pemol- L1

Fid F2d #3d Had Hsd Bod
0.00 82.95 170.4 220.8 269.0 302.4 325.2
7.28 82.95 181.9 241.0 310.2 390.8 420.3
21.85 82.95 180.4 249.8 340.8 399.7 433.1
36.42 82.95 202.0 252.3 3476 420.2 458.9
50.98 82.95 187.5 248.7 353.7 418.6 44y ]
65.55 82.95 193.5 272.0 345.3 409.7 4503
87.40 82.95 168, 7 230.5 322.4 390.2 423.7

2.2.2 HLNHREHEERHFIRESHABBM MAFE2 o BH, ALWAKREN 6.36~—57.23
prnol/ L B & LI 4H et B AN A KR 76. 31 pmol/L. MK 4H, M 3 d i, Hot &
ASBVIBER®, Bedmit, MAKEHN6.36~57.23 jmol/L. IFLRALHHEE SR
AR 25.6% ~38.1%, XELMBREFSRAERKEMOBHLRERM -8,
2.2.3 @NHKEWEEMNERSHEIRE AKEITEL BMAKRERS.78~17.34
pmol/L B Z KLIAE M A MEI3I FHHENSZESTEHASES: B cdif, STRAM
MR & R AR 36.5% ~40.3%, XSEMREWLELKEMNERERS
B2
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F2 HMHREWSEHERFECREMAARBLR
Table 2 Effects of Gd on systhesis of chlorophyll of Isochrysis galbana

BHEEEBTES (pe-L 1) conc of chlorphyll

Coal (pmol L7 ;)

®i1d #®2d Fi3d Had Hsd Heod
0.00 82.95 1704 220.8 269.0 3024 325.1
6.36 82.95 182.3 217.6 299.3 382.7 408. 4
19.08 82.95 185.6 242.8 301.2 419.8 437.5
31.80 82.95 190. 1 239.6 331.8 423.4 449.0
44.52 82.95 1924 240.9 347.1 435.6 429.8
57.23 82.95 180.3 233.3 345.7 402.3 420.6
76. 31 82.95 175.2 210.9 279.5 320.2 342.3

%3 BUREEEEHERSUEMPIEHR
Table 3 Effects of Yb on systhesis of chlorophyll of Isochrysis galbana

HEEMFE/ (pe . ') cone. of chlorophyll

Cyp/ {pmol: 174

#®|1d %24 Wag Wad Bsd ¥ed
0.06 §2.95 1704 22008 269.0 302.4 325.1
5.78 82.95 182.6 238.6 - 331.7 417.2 443.6
17 34 82.95 188, 3 247.3 332.8 423.7 456.2
2% 89 §2.95 180.1 219.7 255.8 2873 319.8
40 45 82.95 166 4 202.8 231.3 255.3 301.3
52.01 82.95 157 8 200.4 222.6 231.4 287.7

HIHLTEAREARENEAS, WECENE TR EHEFF RN NE R/,
B ELRMRZEM R 8 B FEZ 9% 0.116 0.0.105 0 7 0.098 5nm!™, WHELS
BREFAR SR EMRELE X, XS5BT RNE TEAFUMARES, BianRE—EK
B T AT 805 S0l AT e A 35 1, X—BR bR N AE YR ENR LB THE
TSGR, I B A7 B+ B R Tk, B, BREAR NS RETR
BIETHERE L E T LM RTRMN, XERER B BN, W32k
A EREROLETEER T T EEFET SRS S, 305 THIEE, A ERERN
SEERMBR, B LTRSS ufed — SR,

2 ¥ X W

1 REWE . BT SN AWR . PEE LR, 1994,12(4) 358365
2 fERbE, . EASTEERLSRE.AXNES R RN | PERB W, 1994, 12(4) 344347
3OKER.S . B EdEERE R RRRHER . #L 1992,13:60-62,70

4 EEFE.E. P EAERTEERNEYHETSMER | PEBHLFR, 1997, 15(1):289~292

s MAH E% ERST WL RERAERERMBE | BEFHR, 1997,19(2):124-127

o WHRESRRERS . EFRANE . N EREEY, 1991.688—691

7 fRAE.F BL(EM. b BET DR, 19952933

8 ipdE, B Hhih. A G S T AR 1995.471 - 480
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Enhancement of 3 rare earth elements to
Isochrysis galbana

Qu Keming Yuan Youxian Xin Fuyan
{ Yellow Sea Fisheries Research Instituie, Chinese Academy of Fisheriy Sciences, Qingdao  266071)

Abstract The degrees of enhancement effect of light, middle and heavy rare earth elements to
Isochrysis gulbana are similar, the beneficial concentrations of La, Gd and Yb range from 7.28
~87.40 umol/L.,6.36~57.23 pmol/L and 5.78~17.34 gmol/]., respectively. Their cptimum
concentrations range from 36, 42 ~ 65. 55 umo/L, 19, 08 ~59. 23 pmo/L. and 5. 78 ~17.34
pmol/ L. respectively, which make the cell numbers increase by 21.8% —~24.3%,10.4% ~17.
2% and 17.9% ~—23.0% . The comcentrations of chlorophyll increased by 29.3~41.2%,25.6
~38.1% and 36.5~40.3% compared with the control group.

Key words rare earth elements, Isochrysis galbana , chlorophyll, enhancement
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