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(Chu, 1946), SXAFEFHRGRIR YR N EHE/KArificial sea water (Chu) (Harvey, 1957,
pp.112—113,) Tk “ATHA A%, DUREMEIT RANEL XA 3 8, X DRPHRED @
it — IR (Chu (SRR, 1949], HETERMMBHBTRIMIOER; TR
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-2 EER, TR E-SRERERNER, B BinAEE METERSY
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A R O S J0 S S S B B 5 ARt R K S R My B ) B L (I Droop, 1962),
ERA G, FRAXFEOWRRSER D, ERER, RBEFEESAFIMROTETED
SBAT Y —HEF% T{E (Droop, 1955, 1957, 1958, 1961, 1962; lewin & Lewin, 1960;
Provasoli, 1958, 1963; Belser, 1963) EHTRBOMAREEFERFH, FARAEX,
B RESARRIESE S ARERER AR, REPEERETFR I MESHER,
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RE1 ZARELREETRZ— CR#E) DMy L= 1A (WRAm,
MEMLT R AR -, R LB R AR RRIFNER, RREREH BN
WEH AR, KM, FEMTEEDERY, B REEFNY RN LES LR, m
HFE A IMENERET . PP RXREEEEN

1, #fh

RN F RS IS, SR B RTSE gk vh 2 BEE IR MR Y L B4 IR SR L 1R
B BATE s, W3R Nitzschia closterium f, minutissima (W, Smith) Allen & Nelsen [f§j{h
T3 E BIEA A& Phucoductylum tricornutum Bohlin, HRRERLLET, |HE BRI N, P, F:
HIEA (NO,—N, 4p.p,m,; PO,—P, 0 4p.p.m ; Fe (FeCH,0,-3H,0), 0,04 p.p,m ]
REHEARA,

2, Wi

- RIF BHRARMN R, RE0C, RERENKEABIEME, BN, P, Fe iR
#l [NO,—N, 4p,p,m,; PO,—P, 0,4 p, p.m,; Fe (FeCHO,.3H,0), 0,04p.p.m,], ¥
Kk 1962 4 1 J1 7 R RINKG o ‘

3., LIEEENHE

KERHEIARE (Chu, 1942, p. 300) FFHEHER K. BEWIARF , akske
TF, BB HK. M EBMEREARKDRE, #8855, ZHARKEERE, FRb0
Wo REWIMERE, RIEEHARIERF, NTESE, FOK, WERGE 100m] FIEEHE G
LBERRE. BRAR, IEBRHERT.

Y T AR S o ) AL O T B X R S R B R AT 25m] B
L) 540°C @i AL, Fin 25ml fYZRERGTIR 2 1547

4, BERLE .

6 AN BN (150ml) ZEEdn BRI AANAK (N, P, Fel 3t 7oml, 4342
#l: B-ENMLEEHE 0. 1%, FHMLEEINERKK0.1%, 3 Z/SEM ¥ K B3
B #HAIR (A,B), BEHEMNM ARIKE 659,400 4, REIFHBE, & nlF 9,120 4,
BEFERIAE 25°C; oM. B 4 CHFFIRY 40 W HOBIT H B 10 AN, JB9R401,000 Lux,

5. RERERME 1 HiR:

M 1 WEL, BRMERMAEENREEL SR EERES (B8, BaRmR
B RES A — A SOAE, R THRE RSN, SA LEEARRERRRER
WS BRI IR Sy R R AR i A ST . I RARAT B R AL R R AL
ef, MR EEEIEDA GE—R), W EKRERNEETE R, SRR MR, 8T
=R, B— ZERZHBRTRE L Mln Bk, M F 1,04, 0.89, 0.77, F—
BOE ZHALIE AR B B, A RLEE SIS B [y 220 R147% , S5 h0dk A
THREEY 150% . RARWIEREARLEN, PR Fe RZmyifi T, B -LEENROP I ERE
PR IO TR TR He BRI FI TR RO AL K SRS s i R IBEI HEp AT & i A A
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Table 1, Effect of soil extract and ashed soil extract on the growth of

Nitasnhic nlosteriwm in natural sca water

e Bl ¥ WiAdn N.P &Fe : Hik N, P& Fe e
.. - . Tt - e ety . g RN I
A R ML= 0.1 % b e K IR RO . 1% AN, D&
H o —E T Enriched sea water Enriched sea water . Enriched sea waier
“HH___:_\_\\\\| & =oil extract &ashed soil extract | 1 way
A ; B [ A B A B
23/ & #h ; : ;
9,420 | 9,420 9,420 : 9,420 9,420 ; 9,420
Inoculinm H ; .
26/1Cell no, 22,400 | 18,900 16,700 17,000  © R4,400 14,600
EI{f (Average) 20,600 16,850 14,500
M T # (Cell no. . .
actually increased) 11,180 i 7,430 : 5,080

FEHEBBR T, LS R FR Rk, FRb s BRI B TR i ERGERY .
AEREEEAMARIR, BRE N RGE A R R, WRWE AT R B
A AL R, W B A M ARk (Provasoli, 1963, pp, 175—189). ZRELHYEIMER: M %,
BE SR MEAE SR By, SREVE LB, XEHEN BREE P ERFEATE (Provaseli, 1963,
pp. 206—207, Tab, W), FLE I RERE EREHEIPR IR (Chu, 1946a; Harvey,
1953; Provasoli, 1963, pp., 191—193), LT EMAERAfE RN SO FRENE K
WRERRA, RMVMMERDS, TR, FE B, EFELIER (Droop, 1955,
1957, 1962; Johnstor, 1964), TFillilEk2 X 3HVHK, BWHFIRFE B, FRMEMAEATL
R B SRR oA PR R R AR SR B RE (T RS

Ty HEAEFEDB AT A IR R TR

S 2 XARBAEEL ZENO,, PO, R Si HAWBITE Fe R Ma (A TiEA,
7R B T By B 1R, |

TR B I TR b B, SR AL MRS R LG . B3R A Tk “B7(Chu,
1949), KB 5LFE 2 [ MgCl, SEJT MgCL, - 6H,0 A R; [FinE% 10.634728. HEXH
BT RER R InE Y 153.46182 8., fHAT MgCl, 6,291g. . poi, AR T —ilior T Mo
R Co REFIMS T, Mn BUOIWRAERE, H& Co 4 #g/L],

B,, £ 5 NSRRI HE S, RBT I LRFSR S IR,

5L A THE7k “B” 60ml 4y Fasoml s, 2% 34, B2 REIMEHARBH
B, FPETIBRARISE . 51 MUMASELE R By, Smag/L GRERBTLRERER), 2
S TR A TS g 0.05m], 2 3 ATV B3 A T/ B 7. SR B HREN
JEE (10 %40W, BRITH, SMFERE) WE, % % 1,800 Lux, BEE 10 A, & E
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Table 2 Artificial sea water“A™znd“B”

L & o mgL ' % B & me/L,

! | . [ —
o NaCl 23,477 | S:Cl, E 24
| | Mgl 4,91 | NoF ! 3
! ﬁ i Na50, 3,017 | NaNO, 50 A
i CaCl, 1,102 | NeHPO, 5 LJ_;
AR Kei : 664 | Na;8i0,+9H,0 10 Fﬂj':
?1.5 B NzHCO, : 192 MnCl, 0.2 | ?B
T KBr 96 FeC,Hs0,-3H,0 0,54 |

¥ © H;BO; 26 B J
A1,(50,), . 3 | CuS0,-5H,0 B.04-

| BaCl,»2H.0 t 0.09 i{ Z0S0,-7H,0 0.01 :
; LiNO; 1 |I {NH,);Mo,0,,+2H,0 ! 0.025 i

#124°C (FINEIA 22°C, B 25°C), 1963456 P 12 HERM , B mnl i 2400 4 . 2
9 R 11 BRAGRE, SRmEs.

RE EATRKRB PRFAIHELEFER B WBEH AR EEREEXKHERR
(Rh B ARERE/m])
Table 3 Effect of Vitamin B, & ashed soil extract on the growth of

Nitzeohia olosferinm in artificial sea water “B”

() | (2) (2)
= e e j e — . L

i - PR AR K 0,8% 4 m
i ﬁﬂﬁ‘ﬂ:i&a Em#gh-' : Artificial sea water “B” &

Artificial sea water “B”

""--~..__H . Artificial sea water“B"&B;, | zshed =oil extract ;;

2,400 . 2,400 2,400
' A ; B A B
369,800 | 357,400 323,600 | 275,000
6 A21A 502,500 363,600 H)) 300, 300(T 1
607,200 666,400 634,800 510,400
6 B23H 836,000 636,800 (T K 527,600 21)

CERAREFERNER TR, R, ATWKYBYIN B, smag/LiS, REEEEHKETYE
SUEAS AR AN 3R IR A R . I 1 2 T b — SRR ST I B W R AL
EEM. ALK B"dnA LB TERA, SRR ERENEN. R R
ATHARB , —iRRE KRGS (RFRB 6, 1,800 LuxR R TR B, Xk
BLHIEIA Tk B & H DRIy Co, SRR MILIG—~E, 9 AT 208 =RUE,

EALWK BVHAE S HMBILR (Mo, Fo), REBMER CRERY 4, T4
HABEAN, BEUMMELH By, s5mag/L H BEREELERNERD . XER HE (&
AEEH A AR B By, EFRHEILEEEA BT, By, HHTS Co BE4%, B,
REFA IR W BE R B T A B3R R R Cos {0 By MIIEHTOTIY Co & & 6§ I
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RESAEH TS ATET. M EREAMER, ATHEK B HEAMELIRT; B & A1
AR 2N AL EEFNREZ—

RE 3 IAMRBEHIRFEE @ REAPHL K By, & RIS KM 4K
oA _

AR 1, 19624 3 H 2 B ml B4 9,380 A, FEFTRABAL, RAKEAKENR
N, P, Fe #3ifil, [ilsB1, %8 10—13°C, SHE 2 EH 5 oy 0WHRITH, B M
100, JB3R 1,300(%)Lux (B kiU e LR 1,000—1,600 Lux),

HREH B R NIEIBEE RN R DG, RF/RTERMIWHRE REN . HR B,
WHEE (mag/L) 4735 7#1, 5,000, 500, 50. 5. 0.5, 0,05, 0 (HH),

5
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HELER By 6YHVE, mug/L

Concentrations of vitamin By, m#g/L
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A, B, CRDANETEMERE1. 6.
8 B 10R i A L BERITR L
Fig,1 Effect of different comc-
entrations of vitamin B,, in na-
tural seca water, enriched with
N, P & Fe, on the growth of
Nitssohia olosteriums A, B, C &
D showing the growths in 4,6, 8
810 days respectively,
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B2 HARKEEBSL BR (B
N, P, F E5#FDE A2 HE B, 1Y
TRagD, RREHENER
(A), (B), (C), (), (B).(F),B(G)
IR THEER Buo MIREEO. 0,05,
0.5, B, 60, 500 /& 5,000mug/Liff, &

FrE 10 KNI AR ERER R,
Fig.2 Growth of Nitzschia olos-
ferium in natural sea water, en-—
riched with N, P & Fe,with dif-
ferent concenirations of vitamin
B;; (A), (B), (C), (D), (B,
(F) & (G)indicating the growths
in B,, concentrations 0,0.05,0,5,
5, 50, 500 & 3,000 mAg/L Tes-

pectively,
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AR A LR 2 PR \

FEI By, 5 K Someg/L M WRLEE 57 b, BRER FH I X R R IEAE 1 2 1 A0 DI HE RE (1)
LB 2), 5L th 2% MRS IO BEREH B BBt & 22 (1,4 B,C D #) ELORA,
FOARIEFEECF] (P 1, DEE) Z4%PFRH0Y 164% B 170% . B8k, AN BAGTREA %
UE/KEM By, BEMR MM EMEEEL, RITHIWE L B, 5—50meg/L,

SRR, WEKPMEL ¥ By, B O AL (Lowin, 1952; Droop, 10555 Cowey,
1956; Kashiwada et el,, 1956; Dairlay and Fisher , 1953 y Burkholdes & Burkholdes,
1958; Tomiyama, 1959; ¥Yishniac & Ri]ey, 1959, 1961; Rythes & Gui]lard, 1962),_@,‘
REEEX, RERENHR AHEESLERBET. SCRHBME% 0—26nrsg/L , B
LEREREAR, By, §EWHE 30—200meg/L (Provasoli & Pintner, 1653}, |- B, A%
HERAEMNEIFE B DS H MG B, Ry, EH Throustochytrium globosum { LA H By,
HRE) FAZENYHAB, SBRBTFRE, FRRHERMEGRIES4.5—11.4mng/L, &%
% 12—14.6 mng/L(Vishrize & Riley, 1959, 1961), ¥R, TP EHREXBH B EH
BN EREBARBEVRNRERESE (5G—s0mrg/L) f, [E, B, &BRIEHAT
EiN, Ei8, BOEFUEHLT, SEMPEEYEEMNER, 15 B, UikiEwm T somng/L
I, A HIH A R IR (8 1) AB KBS (e, AR AP HREY, Flikk
1By W& B — AR FIRER 3 A G R SR IE (500—5,000meg/LY, 0 EeFlR
€ By, TR —FREQH, QULEHER, KRREAMNELRERE, TATHMEHE On
By, & T smag/LWIE), '

FRBPUHEYR By, B, REFTR. &RE—DWREAR DB ML bR
BRI E B, &R AL 7S UM ) 1 ey A A R SR DT A TT B B T T IR IR e A P2 1 i
ZALI D KRB BT B BT 2, 0 gk 8liE P RS S R
LR IR =8 B & EA T B RERE AR (Belser, 1959, 1963),

= G H R R A K S E N SR _

HRE. B 8 . BENEBRXHNAMENIEW , BEEE (Harvey,, 1957, pp.
138—149; Raymont, 1963, pp. 147—183) {H&HZEMERAXIITHE 48 M 09 1= H, R
o BERIMMRTHET HER B X#HARKENEMN, 0B, FEHEMNCo, B
EHEEMT Co, WA RET Co, MAMMPBIRER, 4 THSE Copyfel, #TFTUTLA

A4 WABSEER S FET, FNEETHRARE PSRN ELAGARESR
2l T B A | :

EMAL LRE. AR ARMN, P, FeHRAIRDFRB., 46, SHMALRR
81y Co [ Co(NO,),+ 61,00, (10 (XfHE),(2) 0.05, (3)0.5, (4)5, {5)50, (6)
5008/ /L. SR FHE (500ml SENN, %5814 550 200ml), HEFMAUMIIR B2 24 9, 3884 /ml,
19624 3 H 2 Hikhl, BB 4, 6, 458 R 10 K JaEEE £l % , GHEBUREN
T, AMRRERIRE . RRMEAES 2 MRS —%, IR PrEtE, &
BN E 3 FTAR :
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BB, Cosrg/L R 50ug/L WALAEK L, 13300 AR H0M 3R 002 B0 35 R %0 E
MR REE (H3, A, B, CR D)% A RN (H3. AL)o0.5 ~g/L H14lM ¥k
5rg/Lgng %, HJFH] 5 #g/L HLBWFE 0.508/L 4 (E3, B, 6K C#, 8 RK). &
a5 ng/LHAEKTELER (H3, D, 10:K),

RES BNPFEERTERZEHT, ERLLZEERR 4, RN, A THRLERE
e et, WA M (4,500 Lux) Y50 (1,800 Lux) W#l, JEHR 10 AN (8 E 18
). 8E3% B8 Co MeEE 25 5 4. ©. 0.05. 0.5, 5, 50 #g/L, MRRALEEY 161°C, 75
JHl% 15£0°C, RIEH 10K BRIT (40W) FEARN—A SHEHRG I RLITER, BH
WA R BEE, EXITEEENRE, BEREE. BE, BELEEE, EAKBRENE

iy

(10%/ml)
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Nomber of diatom cells per ml, x 10°
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BN FIREE, Mg/L
Concentrations of Co, fg/L
H s B#Hik (TN, P, Fe#R
AR, AEMSEFRENTH JE K
BB,
A, B, CHCHHEREMIGE 4, 6. 8.
10 R¥EME/R.
Fig .3 Effect of different econcen-
trations of cebalt in nataral sea
water enriched with N, P & Fe¢, on
the growth of Nifsschia of osteriums
A, B, C & D showing growths in
4, §,8, & 10 days rtespectively,
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B THRE rg/L

Concentrations of Co, #Hg/L

©oB 4 ARMENET BB EK (F

N, P, Fe i) I, TRIAVHEE ¥
M S6HHT D TR IR B AL K BT I B
(A), (B}, (C)Em, 1,800 Lux RETHE
MEE 4, 6. 8 REGERIFR.

A, Bb C %ﬁ:\‘l 4;500 LﬂIj’tHﬁ—F! {%WE

4, 6, 8 RIVERERS

Fig k6 4 Effect of diffcrent concentra-
tions of Ce in natural sea water em-
riched with N, P & Fe, on the
growth of Nitzsafia closterium, un-
der different light intensitics; A,
B & Cshowing growths in 4, 6 & 8
days respectively, 4,500 luxsy (A},
(B) & (C), in 4,6 & 8 days, 1,800
Lux,
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Tk, FEEH. R AR IR AR, 2R 2 MR
B, SR 4 PR, EA KRB 3%, RRKI— 2 Co0.5re/L #l K
B, 5 s/ R 0.0508/L FlikZ, LARMEMIEAIEIES, ZEENEE.

B Co MK BESE, APHIT GHLIFIIR L VS A K BT B

SR8 4 BRI, FTCo 508 /L WK BRI 0.5/8/L UREE A RIS BLLE . K5I 5
HiE R (Co0.5rg/L WHEHEISCRERCERT 506/L) WA, WK 4 thRAHLERER
e H I BRI IS T, Co 5rg/L ML B ITI L, JEHRE 0.508/L L A 7.
T B R A R — TR . BB 5 DREY, B KB, B, S RERATE B
PRI B TR, B LA AR TR B BT R R 2, b & BT
PR R TR A R E SRR SR ERRE L~ T RE, R
FIA TR R Co kIR
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ST, “g/L
Concentrations of Co, #g/L
B 5 380 & 4,500 Lux %EBT, ALk “B” fURBEREEHE FHRE
TG B A KSR BRI,
(A} FoR 380 Lux BEET, #HFRE, HFLURBWETHOEHLHR
(B) £ 4,500Lux X R FAERHE, €11 RMATERBE 0.1%F%
4R GERHEHR) REEER.
A, IEBOGEMTORE ¢ KESAIRIEIT S (IS FRETREARF
FHEMES LUK (A) M DERN RG],
Fig, & Effect of different concentrations of Co in artificial sea
water “B7on the growth of Nitzsohia closiorium, undeér different
light intensitiesy (A) ‘showing growths in artificial sca water “B”
(380 Lux), on the 1lth day after inoculation, when 0,1% soil
exiract was added to each culture and the light intensity was
changed from 380 to 4,500 Iux; (B)growths,4 days after addition
of soil extract (15 days after inmoculation), 4,500 Iux; A (s-
cale on right side of Fig 5), ratio values, {B}/(A) (Diatom no,
in cultures of (B)/Diatom no_ in caltures of (A)],



B1—28 RN, MEAEKB LR SEAET B R KR A R 27

R BIEREANTNEKPERENHAERBEERERERMMBWE. RTHEED &R
Bio HAMAER], BEANTER BVPERBBE R, FELK3IH . KBEEHEN MR B
2,934/ml, BRI 5. EH% 2470, FERBEHALE/K “B” (Chu, 1949) {{E B
RiEKe BT 150ml i, 4FF 7oml, EHESY 34 380 Lux JX 1,800 Lux BAL , &6 5240
Co By & FRIEE, 40 (XME). 0.05, 0.5, 5. 50.500.,2,5005%5,00028/L, EH11H (1963
£6 A1 A, HEKKE, CoFHAFAER, EFFRP AN 0.07ml, X F380 Lux
AR KRS, MEEEREERHE 4,500 Lux,

380 Lux MR (B 5). ALK B, XipEEERESIE5 (A, § 11
K1, EEMFIIE (21/V—1/V1) §BE, £F M Co MnCo 5,00028/L f¥EFHF , EE2E
BN, ELBWEVEFEY, ML EG,1334 /mly Co, 5002g/L) FA 37% 1Y
MEFH—~RK, EBEARHRYE. SRE 4 /BT, BRATHEK “B” dfk Co b,
RHRZEOEEL TR,

6 81 D AEEMERET MR L EERE o 07nl (Hl1%))E, BISMBEZES, (B)
#.H15K), 4 8 B(1—5/V)Co 0,06—5,000.8/L ZHRERF L, MEBAIIRINE
ISR A RN 6.9, 9.3, 9.4, 8.4, 8.7, 3.3 % 1.6 f& (5, 45%), MLEE

® oM X

B % 4 B (105ni)
Cell no, /fmlx 10%
Ratioc valmes, (B)}/(A}, (C)/(B}

0 005 05 § S0 500 5000

SETUE, s/l
Concentrations of Co, ug/E
B 6 1,800LuxlefAF, ALk “B” WARIEH FIRENS HIE
SR S B SR A0
(A) FORERE 1R PR B A B RE R 0L 5
(8) ZHFHFBUR N LHELRAZLE, T4 ROBEHET
(C) MABE I RIRE 7 ROER R E 18RI EEHR.
A, In:BEBRTER, -ORPPETHE S
B, Mt HMEMEEE 5 — 7 RAMNBREEL,
Fig, 6 Effeet of different comcentratione of Co in artificial
sez water*B” on ithe growth of Nilzschia closlerium, 1,800Lux:
(A) showing growths in artificial sea water “B” 131 days after
inoculation, when §_ 1% soil extract was added to cach culture;
(B) growths, 4 days after addition of soil extract {15 days after
inoculation); (C) growths, 7 days after addition of zoil extrat
(18 days after inoculation}y A (scale on right side of Fig 6),
ratio value, (B)/(4):; B, ratio values, {C}/(B).
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MHETE, DL Co % 0.54g/L B5rg/L WM ESHERE, ZEMALE, SANMRIELES =R
Fo XL LA B RTEIREE 7R R B A AR,

HAREE R RELTR,: (1) ATHAR"B NCo f5, WEZ B EREMESR B, HHE
AEREREHNEN SR, (2) AREWFHRDIBET, CONEE RS, ¥
B 50078 /L IHE (I 5 (A4 Y, (3) REHIREAEM, Co WREFEEAE 0.5—51¢/L
A (E 5, 4),(4) Co, 0,0578/L RE LK, RGBT E; 14 2,500g/L LI L, IR
A YRR B E MG ER

1,800 Lux $HEGEAR (B 6 ), [F K EEAY Co— B 12 330 Lux(f MRS £ #8678 4,500 Lux
FEAE3P. EEEREEIEE BR AR EME (Fe (B, NERKEE —BTFR
4,500 Lux 1, HEBETLEEMM, Co2f 0.05—5,0002g/L, A G9AM By BB S I 4 18
BHES 6.4, 7.6, 7.5, 7.0, 6.8,73.2, 2.6f%( 6,85 ), Co, 0.5/8/L & 5rg/L FHiLEE
FEH, HakA Co, 0.5, 50, 500 2g/L3ffl, Co ik 2,500 F 5,000 #g/L (2. 5mg/L—
smg/L) B FMIHIER, _

T 8 R (5—-8/VD) DI L, RMRIEMB)5/VIRy 2.2, 2,7, 2.6, 2.5, 1,9, 1.4, 1
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Fig 7 Effect of different concentrations of Co in artificial sea water
“A” on the growth of Nifzsehia elosterium, 15°C, 4,500 Luxy (A), (B)
& (C) showing growths in 3, 5 &7 days respectively; A, B & G, ra-
tio values, (A)/inoenlum, (B)/(A) & (C}/(B) respectively,
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growths in 3 & 5 days; A &B,ratie values (A)/inoculum &(B) /{4)
respectively,
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EFFECTS OF SOIL EXTRACT, ITS MICROELEMENTS
AND DIFFERENT CONCENTRATIONS OF VITAMIN
B, AND COBALT ON THE GROWTH OF
NITZSCHIA CLOSTERIUM W. SMITH

s.P, CHU, C. LIU, P.C., HSIANG, S.J. WANG

ApstrRacT

The res.lults of eight experiments on the effects of soil extract and its micro—
clements as well as of the different concentrations of vitamin B,, aand cobalt on the
growth of N‘itzscki.:x closterium, in natural and artifici_al sea water, are presented
The influences of different temperatures and light intensities are also studied,

1. The growth of Nitzschia closterium in natural sea water, enriched with N
(NO)) 4 p.p.m,, P (PO,) 0,4 p,p.m. and Fe (citrate) 0,04 p.p.m., is greatly
improved (Table 1, 2nd column) by the addition of ashed soil extract, and further
improved by the addition of the organic contenis of soil extract as well (Table l,
Ist column), This shows that the natural sea water used is deficient in micreelements
and organic substances, both of which can be supplemented by proper soil extraet,

2. The addition of vitamin B# 5meg/L [Table 3, (1)) to enriched natural
sea water gives better growths than the addition of ashed soil extra.ct [Table 3,(2)],
In different B, concentrations in enriched natural sea water, best growth ececurs in
B, smag/L (Fig, 1 & 2), noticeable deficieney appears in lower concentrations
and inhibitery effect increased in higher concentraticas,

3, Optimum growth is obtained in cobalt concentratiﬁns 0.5-5ag/L (Fig, 3-5)
in enriched natural sea water, while deficiency is observed in lower cencentrations
and inhibitory effect in higher concentrations,

4. In artificial sea water without Al, Li, Ba, Cu, Mo & Zn, only slight
growth can be obtained in various cobalt concentrations and growth is comparatively
better in Co 500#g/L, being less in lower as well as in higher concentrations [Fig,
5 & 6.(A)]. The addition of 0,1% soil extract makes 2 remarkable difference
‘Fig. 5 & 6, ¢f, (A) with (B}, and here best growth oceurs in Co ¢,5~5#g/L
(Fig. 5, A; Fig. 6, A &B),

5. Inhibitory effect is very remarksabie in cobalt concentrations 2,500—5,000

rng/L (Fig, 7 & 8); but with the addition of microelements (Al, Li, Ba, Cu, Mo
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& le1) the inhibitory effect is greatly lessened (cf, Fig 5 & 6, A & B with Fig,
7 & 8, A, B, C), and may disappear under certain conditions (Fig, 8, A), Thus
the presence of various microelements, such as in artificial sea water “A”, may have
an effect of neutralizing the inhibitory or harmful effects due to high concentrations
of cobalt, or of other metals as well At the same time, the presence of various micro-
elements in sufficient quantities may also relief, in one way or another, the demand
or the effect of deficiency of Co (Fig, 7-10), or of some other metals as well,

6, At the presence of sufficient various microelements (such as in artificial
sea water “A”), the optimum concentration of B,,, 5Smag/L (Fig, 1) may have an
inhibitory effect (ef, Fig, 11, A with Fig, 9,A) on growths in ail The cobalt
concentrations tested (Fig, 11) and the inhibitory effect is greater in higher cobalt
concentrations (5—500xg/L), -

7, In natural sea water, the contents of B,; and Co vary from very deficient
quantities to within the optimum range shown by these experiments, The presence
of various microelements and organic substances in various quantities may have
various influences on the effect of B,,, Co or some other substances on the growth
of phytoplanktonic organisms, All these substances are continuously enriched in
natural sea water, in the form of natural soil extract washed to rivers and hence to
the sea, as land drainage, They are also continuously produced in the- sea by living
organisms and chemical activities unsing substances contained in this natural soil
extract, Thus the mechanism centrolling the'gmwth of marine phytoplankton is very

complicated and further research in this field is urgently needed,



