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N E AXLHEIEIARR HALALTTH. B 8. 8. L. ALK ALE
(Chaetoceros mulleri YFo 2 3 (Isochrysis galkana YIEF L EAFE, FRET RERE, K
A(1~5)yx1075,107°.(5~10) X108 (1~5)x 102,10 7~10"°.10 °mol/L. SA1LEA
TLERALRA L RORK, TREERE TR ERLES ARG 20.4% ~43.2%
19.7% ~25.6%, AXMHLLERRE LA M~ /2 B F N T 4k, URET L E X EA
BB AT T BT, BB BRER M- /2 B A KR R EKLG 1 M,
SR EEL 2 M TR,

REA WMEALL, 2R, BARE

K EWAED, AYEMEI R AR REEN ISR EHE TN R ST EREY
— ERREBRERERS, EHENSTREAERB T HOENE R, HEAKGRY
)R MR TR R, METTRA SRR EYAE KRR RBI E R, EXEF SRR A
W, REEOHRFFE MR T RAEIE K, 1B B A £ B B BAEFI 0 BBYIE ; B —F |, M5
RAOFEMETE, AMNSSRE SRR D, 1ol BT SR B E R R E T,
—EARMHZEME, ERBEARER B PEREIYNERFRRRERE,
R Sl A, R FE R K P RB TR AR, N 70 FERFHRRBT T HE
TEEROR, CEHRTHEEEZHMEBTEIES RSB R24, MEETE
HPMS, —BRANEH. 2. 2. 9. 4. BRLFHRETEV U, REAMARKETE
MHEREYNERERHRAN G EES10] BRMAGFME A AN ETEED R
REW; 3 —FHH, ST ENETMAREFLEHNFRAR, P XENETEFBNR
BERETN, UL AXAEKFHRTRET S K TGN AN AREL KAER
(Chaetoceros mulleri) 1€ 3 ( Isochrysis galhana) B EHAF, R TH. 8. . 8. 4% . %
TE MK B B S P I B,

1 #BEHE

W AR 1996 ~ 04— 22
» EA PR SR R T R .
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1.1 TESEEENR

ERATENERRH NI EFHRERPARERT., TRAKBAELEEZRLSE, &
& 30~31,pH8.1, BKBIE VI, EARZEBRHPER, _

BRERAR(CuS0, 5H,0) R H (ZnS0, - TH,0) . HiER 4% (MnSO, - H,O) . AL H (CoCl, -
6H,0) . FLBE B NISO, - 6H,0) . B #I(NaMoO, - 2H,0) . Z. “ M Z. B —#(EDTA) . WM
8. B _ET R R FTRENY AR A,
1.2 KBFH*E

# 250 ml = AL, Il Bk, A B85 R 8 B T 2, B AARBLN 200ml,
BRI N-P:Fe(:S) M 30:2:0.5(C: )meg/L M—FBBEGHMBLCRKARE, SATT3
M, BEGRFQ4+1)C., B4 BHFI 40w BRATHE, S8 N 4 0001x( FIL I i £ ¥
FB P ZD - IR M RE), eHEeTEE. BH 1014, B HENLAR=E AEHE
h2~3 %, BBBEETE, H UV-365 BitaXEEH( BASER), 7 530nm 5 550nm
b, B lem HEMEAHSHRBE M, SR EMABE HAMER, HREHN
FR UV -365 BiFa080eE T, A8 #7. BEXRBELHFRITE. 8.4 48.
B.BNRERE, SERREATHAPERT LS IEXE AN EMTIFALRE

R, ZBHFRKFRITREL
F1 RRBEFERAT
Table 1 Experimental factors and their levels

T A/ {mol-L™1)  Level P AP/ (mol-17!) Level
Element 1 2 3 4 5 Element 1 2 3 4 5
Cu 177 0% s5x107% 1077 10°% Mo 107° 10°% s5x107% 1077 1078
Zn 10°° 1078 1077 s5x1077 1078 (8] 1" 107 1078 1077 1078
Mn 10°° 10°% s5x10°® 1077 10°¢ Ni 1071 10°° 10°° 107 10°¢
2 KBREHER
2.1 EXHBER

HEHRLE 2.2 3, DEXEEEHEE, B B0 RREERT T EW . Xt
BEE, &1 HEFKF Cuyys Zngy~ Mngsy, Moy Cogay~ Nigay B iF; T2 % Cugy Zngy
Mnygg) Moy Copgy Nig) BiF. FRIBERN T 4. X5, GREWH, e B LENAER
B tE B K /MBUF 2 Cu>>Mn> Zn > Ni> Co > Mo; X & ¥ X Cu>Mn>Ni>Mo>Zn>
Cos
2.2 BirER

KBRS EANRELER S FRIERERYE, 2HEXHHERNSRBRN
BIFKTV4 SIS E T 1 MR 2, HFEEMARF KT AR REN 3(F6), 45
ATATERSERNERTR, GRFVER7.X). NAEE B 3BESFTREF 1A
2, R B 4d B, MAEHEBFR 0 8.8% ;55 8d B, B H 19.4%; F 9d B, £ 20.4%, X &
BEFINIGETFRY 2L,AKES 740, SRR 3, GHEERST 11.5%; F8d i, &
F29.2%; B 104 B, B 43.2%. HRFERAMHE 1 B10dBET 52.8%., ATUEH, #A
W51 MEEFRREH 3, 758 8d B EAERN, WA H 3 WLIENERAR #A.
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%2 WRTREMERERHREREXRRSERE AN
Table 2 Resulis of orthogonal test of microelement for C. mulleri culture and direct analysis

o HF Levels BAE A
No. Cu ZIn Mn Mo Co Ni ﬁ%*(% S_d) (A-0.490) %1000 At
C. mulleri
1 1 1 1 1 i 1 0.479 0.482 0.476 -11 -8 —14 -33
2 1 2 z 2 2 2 0.536 0.504 0.520 46 14 30 90
3 1 3 3 3 3 3 0.488 0.490 0.476 -2 o - 14 -16
4 1 4 4 4 4 4 0.480 0.469 0.481 -10 -21 -9 - 49
5 i- 5 5 5 5 5 0.562 0.506 0.483 12 16 -7 21
6 2 1 2 3 4 5 0.497 0.528 0.502 7 38 12 57
7 P 2 3 4 5 1 0.520 0.520 0.502 30 30 12 72
8 2 3 4 5 1 2 0.485 ©.486 0.497 ~5 -4 7 -2
9 2 4 5 1 2 3 0.486 6.499 0.494 -4 9 4 9
10 2 5 1 2 3 4 0.480 0.465 0.451 -10 -25 -39 -74
11 3 1 3 5 Z 4 0.510 9.542  0.526 20 52 36 108
12 3 2 4 1 3 5 0.510 0.487 0.491 20 -3 1 13
13 3 3 5 2 4 1 0.503  0.500 0.489 13 i0 -1 22
14 3 4 1 3 5 2 0.490 0.513 0.509 4] 23 9 32
15 3 5 -2 4 1 3 0.441  ©6.427 0.434 -49 - 63 -56 —168
16 4 1 4 2 5 3 0.498 0.522 0.513 8 32 23 63
17 4 2z 8 3 1 4 0.497  0.490 0.500 7 0 10 17
18 4 3 1 4 2 5 0.472  0.471  0.455 -18 - 19 -35 - 72
19 4 4 2 5 3 1 0.458 0.490 0.490 -2 ¢ 0 -2
20 4 5 3 1 4 2 0.479  0.493 0.478 -11 3 -12 - 20
21 5 1 5 4 3 2 0.454 0,451 0.475 —36 -39 -15 -9
22 5 2 1 5 4 3 0.403  0.400 (.408 — 87 - 90 -82 -259
23 5 3 2 1 5 4 0.445 0.408 0.428 —45 - 82 ~ 62 - 189
24 5 4 3 2 1 5 (0.472  0.436 0.459 —18 - 54 -1 - 103
25 5 5 4 3 2 1 0.455 0.450 0.472 - 35 - 40 -18 -93
I/5 4.4 21.0 -81.2-43.0-57.8 -6.8 T = -652

I/ 12.4 -12.4-42.4-0.4 8.4 2.0 :
m/s5 2.4 -51.4 8.2 -0.6-32.8-74.2 p=T/75=-87
K/5 -2.0-20.8-10.8-59.6-48.0-35.6
V/5S -146.8-66.8 4.2 -26.8 —0.2 —15.8

2.3 HHFRESABHEE

RORMETR 3 HETEZALUREFLEENHRRERAL MM TRE
£, TBEHIHEFORREEHREE T RARATENEROMTRERE. SHEA
F(EH 3MEABCRSES 1 f2 BEXEER,

St o P 6d SRS, AAERMABNES 1 BRAERHSREERE 25.6%,
FERmE Ry (Rl ) RGBSR RE 21.6%, EHAMB N (AH 3) XX B
EH R RS DIRES 19.7% 1 24.0%.,
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Table 3 Resulis of orthogonal test of microelement for I. gaibana culture and direct analysis

e KT Levels BIEH A
No. C: 2Zn Man Me Co Ni & RO 6d) (A~10.370) X 1000 &t
I. galbana
1 1 1 1 1 i 1 0.372  0.369  0.369 2 -1 -1 0
2 1 2 2 2 2 2 0.374 0.375 0.373 4 5 3 12
3 1 3 3 3 3 3 0.373  0.374  0.362 3 4 -8 ~1
4 1 4 4 4 4 4  0.366 0,374 0.376 -4 4 6 6
5 1 5 5 5 5 5 0.372 0.367 0.365 2 -3 -5 -6
6 2 1 2 3 4 5  0.374 0,362 0.365 4 -8 -5 -9
7 2 2 3 4 5 1 0.369 0.363 0.362 -1 -7 -8 -16
8 2 3 4 5 )3 2 0.372  0.373  0.370 2 3 0 5
9 2 4 5 1 2 3 0.369 0.370 0.370 -1 0 0 -1
10 2 5 1 2 3 4  0.364 0.361 0.370 -6 -9 0 -15
1t 3 1 3 5 2 4  0.371 0.371 0.374 1 1 4 6
12 3 2 4 1 3 5 0.367 0.374 0.371 -3 4 1 2
13 3 3 5 2 4 T 0.379  0.376 0.375 9 6 5 20
14 3 4 1 3 5 2 0.370 0.372  0.370 0 3 ] 3
15 3 5 2 4 1 3 0.372 0.372 0.369 2 2 -1 3
16 Fl 1 4 2 5 3 0.365 0.376 0.365 5 6 -5 6
17 4 2 5 3 1 4  0.364 0.366 0.364 -6 -4 -6 -16
18 4 3 1 4 2 5  0.352 0.355 0.360 -—18 -15 -0 -43
19 4 4 2 5 3 1 0.353 (.354 0.352 -17 -16 -8 -5
20 4 5 3 1 4 2 0.371 0,374 0.368 1 4 -2 3
21 5 1 5 4 3 2 0.358 0.362 0.366 -12 -8 -4 -24
22 5 2 1 5 4 3 0.350 0.353 0.353 20 -17 -17 -54
23 5 3 2 1 5 4 0,363 0.361  0.360 -7 -9 -10 -26
24 5 4 3 2 1 5  0.356 0.353 0.356 -14 -17 -14 -—45
25 5 5 4 3 2 1 0.356 0.359 0.365 -14 ~11 -5 -39
1/5 2.2 —4.2-21.8-4.4 -11.2-15.4 T=-271
B/5 -7.2-14.4-14.2 -4.4 -11.2 -0.2
mw/s 6.8 -9.0-10.6-10.6-17.8 -9.4 p=T/[15=-3.6
N/5 -20.2-17.6 -2.2 -14.0 - 6.8 —-9.0
V/5 —358-90 —5.4-20.2-7.8 -20.2
®4 MEN- HETRETFREFTERIN
Table 4 Variant analysis of orthogonal test for C. mulieri )
TRER MR BB B F B¥#
Variant source 88 Freedom MS Significmce
BER(SS B) 69754 74 :
Scu 30 560 4 7 640 60.16 "
Sza 7 B85 4 1971 15.52 *»
Swn 8653 4 2163 17.03 *n
Sho 4532 4 1133 8.92 *
See 5651 4 1413 11.13 *
5 6120 4 1530 12.05 *
SDa 6 353 50 127

Fo.n(4,30)=3.72,Fy.05(4, 50) = 2.55
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x5 W - WERTKEXRBH BT
Table 5 Variant analysis of orthogonal teset for I. galbana

TREH WaEFE I B By F B
Variant source sS Freedom MS Significence
BER(SSH) 3994 74

Sa 2009 4 502 41.83 * o
S5zq 182 4 46 3.83 x ¥
Spn 393 4 98 B.17 * %
Swme 305 4 76 6.33 L
Ses 124 4 31 2.58 *
S 379 4 95 7.92 L
SDa 602 50 12

Fo_01(4.50) =3.72.F0_05{4, SU) :255

¥o METEBES

Table 6 Primary choiced concentration of microtlements mol/L
L X Microelerent Cu Zn Mn Mo Co Ni  EDTA
B 1{MEX) Formula 1({ C. mulleri ) 107 107" s5x10°® s5x107® 107 10°% 11.3x10°"
K 2(4 M) Formuls 2( [. galbana ) 5xt07% 10°° 1077 10°% 1077 107° 26.2x107°
KK 308 FE) Formula 3{all) 3x107% 107% 7.5%107% 2,5x10"% 5x107% 107° 18.1x10°°

£7 HECTREFHAEREKCIRER
Table 7 Effects of microelement on growth of C. mulleri

R EH/d Growth days
hd 1 2 4 6 8 9

Formula
MM /ml™!  Cell concentration

£6.920.0 166.61£0.7 239.813.2 306.5£5.6 389.41+10.5 443.1329.2
2 86.1+0.0 173.9£1.5 256.010.7 331.7L5.6 422,7+7.2 455.3+3.2
90.2+0.0 178.8£0.0 270.7£0.0 352.8+£3.2  445.5113.7 479.6+7.2

¥ M Control 86.91£0.0 173.9+£0.0 248.7+0.0 305.6+15.4 373.1+40.6 389.3+45.4

#AEE/% Raise rate

1 0.0 -4.2 3.6 -0.3 4.4 11.2
-0.9 0.0 2.9 8.5 13.3 14.3
3 3.8 2.8 8.8 15.4 19.4 20.4
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Table 8 Effects of microelement on growth of I.galbana

EREXE  Growth days
2 4 [ 7 3 10

MR/ ml ™' Cell concentration
313.8+4.8 520.0t9.8 §92.9+10.5 639.6%11.3 7460125 854.0+14.9
314.6+£5.2 511.7£7.9 591.8+7.8 653.918.4 63597190 667.8+16.7
3 318.0+7.7 513.1£9.0 589.1+3.3 659.2%+10.4 7T42.9%14.6 BOD.0£30.7
B Control 312.9+6.1 507.7£9.5 567.6+2.7 591.4£4.3 573.1+13.6 558.8+27.7
BEE  Raise rate (%)

[T

Fonmula

0.3 2.4 4.5 11.5 29.7 52.8
1.6 0.8 4.3 11.5 14.7 19.5
3.8 1.1 3.8 7.5 29.2 43,2

Fo  BIRSTREMREIRH R 2 REMERE

Table 9 Effects of micreelement on concentration of algal chlorophll — a sR/L
X¥/d Days i 2 3 4 5 6
BF 11— fEX Formula1- C. mulleri 0.230 0.320 0.579 0.744 0.885 1.207
K% 2— &M Formula 2 ~ 1. galbara 0.224 0.333 0.506 0.662 0.693 0.861
B 3-AAEM Formula 3— C. mulleri 0.230 0.330 0.498 0.720 0.808 1.150
B 3 - &M Formula 3~ I.galbara 0.224 0.322 0.471 0.628 0.684 0.878
X — MER Control— C. mulleri 0.230 0.278 0.451 0.601 0.664 0.901
R - &% Control ~ I. galbara 0.224 0.286 0.454 0.587 0.650 0.708

3 itie

MERZERTUEN, H.8.2. 8. 4. 85 e PR, HAETKASEER LTI
ROTR, XS5 XR7, NIWMBER —BM, {ER, Guillar 7 Rytherl" T M FE L M- 1/2
A (R10)TRER, BESCER, S PRFENLEHEEEEN. EBEIHRNEY

M- /2 BF, BHEET MR A ENREREAHER, ARTENEELEM-{/2 8
FEE 1 MRS, BEA 2 MER. YW EESNERN, - FEEa TRERANR
FRBEFI IR, H AR RF LXK EE R E TR R RERN,; B—F &, B Al
KR B A RS Re i, K P RETEN RS SARAET, MSHEELRIGY
HNE, Bl —8EAE G R RS KREAEER. A XRANESTSESEREX, 86
WRER(1.4~19.2) X 10 ¥ mol/L, H9(0.5~3.5) X 10 mol/L!8], 5% 8.5 X 10~ mol/
LB, SEBIREAUE, #KPRER—HER, 8RB MNEKEER, $BERM.
BARFERRERAR T KA MRR, WFREFN, BAPRNEELRTREY, §%
BEREM B KERESM-{/2 RANRE - R, HEARN A BRESRE
RRMBE MEFMHASKSVECLKLS, XTHEMORE, FEF L M- /2 BF KL 14
R, SRR, TREGT M- 1/2 RAPENEERMEK.0x 10 *mol/L), R H &
MIVERER 8.9 % 10 " ®mol/L, TI4kTE R s A b Ty E S BFMRAMARN, B2, B M-1/2
BH Y RS, AT DA R RMBCT M - £/2 B3k —2, B A RIS v 0 e 3 o ik
BUTRNBREERBEMFER, BT R, BRLERERERETE, KR
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AL T REE B RY, B LAFE 3RS IE 57 M v 45 o 0 38 40 T B8 1 L A IO K B LA T
B, HHMaRARRNTERIEAR. S 8. 8. 0%, ENRNECENERRREE
FhRRIRER.
1o MEARREASM-2 REEE
Table 1¢ Comparison of microelement composition with and M — £/2

[50:3 LR BHE/(mol-L ') Element and concentration
Fortnula
Cu Zn Mn Mo Co Ni EDTA
EHE 3x 08 10-° 7.5%107%  2.5x107%  §5x10°® 10°* 18.1x10°%
M-{/2 4x10°¢ gx07? 9x10°7 3x107% 5x10°® - 0

B B AT LU, BRI BRI RRRTE T € B E T SR B0 B Y 15 B, FR
1% H i KSR IT T A TR R,

# X X W
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Optimum concentration of microelements

in seawater culture solution of marine algae culture

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

Abstract Copper, zinc, manganese, molybdenum, cobalt and nickel were defined as edsential
¢lements in culture of diatom Chaetoceros mulleri and Isochrysis galbana and their optimum
concentrations were defined as (1—5} X 10" 8mol/L Cu, 10" *mol/L Zn, (5~10) X 10~ ¥mol/
L Mn, (1~5) %X 10 ®mol/L Mo, 10”7~ 10"°mol/L. Co and 10~ *mol/1. Ni, when those
microelements were added in the cultural solution, the concentrations of cell and chlorophyll of
Chaetoceros mulleri and Isochrysis galbana were raised by 20.4% ~43.2% and 19.7% ~25.
6% , respectively. Compared with the compesition of seawater medium M — /2, this culture
solution contained a new additional element Ni and the concentrations of other five elements
were revised. The concentrations of Co, Cu and Mo were the same level as M — {/2. The
concentration of Mn was 10 times as fow as that in M — /2. The concentration of Zn was 100
times as low as that in M — /2 approximately.

Key words Microelement, Marine unicellutar algae, Marine culture
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