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The Absorption of Inorganic Micronutrient by the Blue-Green

Alga, Spirulina platensis.
Pi-Hsin Tsai

Studies had been descnbed for demostrating requirements of the bluegreen alga
Spirulina platensis, for the inorganic mlcronutnents Iron, Boron, Zinc, Copper
Magnesium, Calcium, Manganese, and Molybdenum, in addition to the presence and
absence of E. D. T. A.

v The function relationships between growth rate and cationic concentrations were
analyzed by the multiple regression method, and the correlations were all significant
at 5% or 1% level. '

In the presence of E. D. T. A, The efficiencieé of utilization of those cations
were increased significantly at 1/ level.

It was estimated that the optlmal requirements of cationic concentratxons for
Spirulina growth were as follow: 0.744 p. p. m. Fe*% 0.016 p. p. m. B*% 0.01 p. p. m.
Zn*% 0.0077 p. p. m: Cu*%; 11.687 p.p. m. Mg*2; 5.25 p. p m. Ca*2;, 0.213 p. p. m. Mn’2
and 0.684 p. p. m. Mo*®%, respectively in the medium with E. D. T. A.

It was possible that the interactions between E. D. T. A.and Magnesium, Calcium
and Manganese were very high that the growth of Spirulina in the absence of E.D

- T. A. were all being inhibited.
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Table 1. Basal medium for Spiruline platensis growth.

NaHCO, 8.4g/4 . MgSO0, - 7H,0 0.2 g/l
NaNoO, S Lo wo CaCl, + 2H, 0 0-04 =
K‘ HPO‘ 0-5 A" Feso". 7H,O 0-01 . "
K, SO, . 1.0 n " A.soln. - Lo m&/k.
NaCl | 1.0 n B, soln. S 1.0 . n
A, soln. B, soln.

H,BO, . 2.85 g/t NH, VO, . 230 X 10:. g/t .
MnCl, -4 H,0 1.81 K.Cr,(SO,)..24H,0 960 X.10 P "
ZnS0, - 7H,0 0.22 . NiSO, . 7H,0 478.5 X 10“ "
CuSO, - 5H,0 - 0.08 1 Na,WO, . 2H,0 179.4 X 10 "
MoO, 0.015 n . Ti, (SO,), 400 X 1()‘-“ "

Co (NO,). 6H,0 440 X 107" W
When used :

E.D.T.A. —Na, - 0.08 g/p
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Growth rate

Fe*2 concentration ( me/y )

Fig.1 : Gr_(_)wth rate of Spirulina versus amount of Iron, as
ferrous sulfate, added to various iron-deficiency basal
medium in the presence and absence of E.D.T.A.
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Growth rate

e———@ ; With E.D.T.A. v
Y « 2.771398 ~ 1.884118 logX - 0.523672 (logx)?

r2. 0.588248

A---- --A Vitbout BoD.T.A. X -
Y = 2.430383 - 2,185406 logX - 0,890121 (legX)?
R%= 0.661944
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Fig.2 : Growth rate of Spirslina versus amount of Boron, as
Boric acid, added to various boron-deficiency basal
- medium in the presence and absence of E.D.T.A.
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Fig.3 : Growth rate of Sﬁiruiina versus amount'of Zinc; as

.zinc,chlqtide,jhdded to various zinc-deficiency

- basal medium in the presence'ﬁhd absence of E.D.T.A.
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————&: With E.D.T.A.
Y = - 3.024328 - 5.7B4660 logX - 1.366920 (10gx)?

8%.  0.787870

O—-----8; Without E.D.T.A. .
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_ Fig.4 : Growth rate of Spirulina versus amount of Copper, as -
cupric sulfate, added to various copper-deficiency
basal medium in the presence and absence of E.D.T.A.
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Fig.5 : Growth rate of Spirulina versus amount of
Magnesium, as magnesiun sulfate, added to
various magnesium-deficiency basal medium

in the presence and absence of E.D.T.A.
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Pig.6 : Growth rate’of Spirulina versus amount of Calcium, ss calcium
chloride dihydrate, added to various calcium-deficiency basal

medium in the presence and sbsence of E.D.T.A.

¢]

07



608

~

& ¢: With E.D.T.A. -
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Growth rate

.._——O t With E.D.T.A.
Y = 2.50A195 = 0.426699 logk - 1. 293256 (108%)2
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O=-=-0: Without E.D.T.A.
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1% 0.582073
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Fig.8 : Growth rate of- Spirulina versus amount of Mol ybdenum,

as mol ybdic anhydride, added to ‘vanous mol ybdenum-

deficiency basal medxum in the presence and absence ’

of E.D.T.A.
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Table 2. Analysis of multiple regression of different

-cationic concentrations on Spirulina gtowth,

Cation Medium  Sample " F
size ‘
%%
+ E.D.T.A. 14 11,808
+2 -
Fe : *
- E.D.T.A. 10 50635
) 11 ' 5,715
+ E.'D.T.A.' . 0
p*3 V ! "
- E.D.T.A. 11 7.831
) ] N
+2 + E.D.T.A. 11 4, 13.
Zn ¢ *%
- E.D.T.A. 11 15.892
. ) : *%
+ EnD.TOAQ 10 12.999
+2
Cu %
- E.D.T.A. 9 11,348
. e
Mg*2 & E.D.TiA 10 6.679
) L 23
ca*?  + E.D.T.A. 10 15.730
- - ' T
Mn+2 . + E.DITOA. .11 11.236 ) :
' xR
+ E.D.T.A. 13 18.403
+6 :
Mo . _ *
- E.D.T.A. 12 6.267

%% i Highly significant, P < 0,01
* : Significant, P¢ 0.05
+ : With , < : Without
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Table 3. The available ranges of -ioric conc., the expected optimal conc.,

and the predicted optimal growth rates for Spirulina platensis.

Available range  The optimal The optimal Growth rate
Cation Medium of ionic conc. : COoncC, growth rate of control
(mg/e ) (mg/z )
+p  + E.D.T.A. 0,038 ———15.892 0.744 1.627 0.161
Fe - . .
- E.D.T.A. 0.060 ——— 9.827 * 0.768 0.281 - 0.247
+3  *+ ED.T.A 1.909x10°5 .13, 0205 0.016 4,466 3.386
B ‘
- E.D.T.A. 5.186x10"*— 6,778 0.059 3.771 - 1.757
Y +TEIDITiA.  2,232x10")— 0.168 0.019 1.887 0.886
Zn
.= E.D.T.A. 2.912x10" 95— 0.170 -  0.022 1.308 -'0.076
4o+ E.D.T.AL 2.396x10"'— 0.245 - 0.0077 3.095 1.831
Cu _ ' .
- E.D.T.A. A.ooex1o‘“-f 0.238 . 0.0098 1.875 - 0.98
Mg*? 4 E.D.T.A. 2.528 ————54.032  11.687 1,044 . 0.672
cat? " 4 E.D.T.A. 0.699 ———39.439 5.25 2.468 © 1.964
Mn*2 4 E.D.T.A. 0.032 ~—— 1.425 - 0.213 1.697 0.898
w6 *+EDTA 2,65 x10"2—17.676 0.68% 2.579 1.47
Mo ' :
| - E.D.T.A. 2.117x1070—21.612 0.214 1,918 0.684

+ : With , - : Without
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Table 4. The result of pairing method to test the signifimncé of medium in
the presence and absence of E.D.T.A. ’

Cation Fe+? B+ Zn** = Cu* Mg+* Cat+t Mn*® Mo+

t-value  3.72°% .4.939* 3.72**  10.287"" 7.657" 15.248"" 9.659"" 3.288%"

** : Highly significant, P<0.01
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HE THERHERERETITRZOHERE BB R HIREE B HeH MEE TR o AXFTE
B R SR MM TLRE e TR TSR SNBER» —HRE » TEEENRBIE
B ET AEEBHERRE

BEFSER y IRERSHARER ) — BT » £ B THHE » TIRBERFEZEERR
ﬂﬁﬂbﬁ%&ﬁﬂﬁﬂd s IR HEWE B Fe+* ( FeSO,) @M » Limedium W& BAED.T.A ER® » 1A
&Walker (1954 ) ) FifE Chlorella 7 glucose — urea — E.D.T.A. — salt th¥{ Fe*' &) FA
B1E glucose — urea — salt AW ZFIHR X » BIE.D. T.A. &Y AE VR B Fe+* 99 A ECH AHE o Gold-

Cperg ( 1952 ) ¥ #HHI 1 medium FIBAFe 4+ 1 KZA@ 4 80 ~ 90 HHIMK X R & £

T A B o Hayward ( 1969 ) ) 1§ Phacodactylum SUERRS » 4 50 % 49 SMET s Bk
WFBUCHR » B Aedium Py Fe* WIMEZR N B8 L2 W BB » LEBIESS R
d s Fett BIYR Fe ( OH), 2B » MASBEBFAM o WATMD Fer* WA » MMHAK’
¥ % INE.D.T.A. £LAM

BREGRTR P —F S BTR » RN RS RO AVRORES  BRERTE » %

| A%F B R Fert 487 #E ED.T.A. W FETIRE » MAKREGKERRK  BELREBTR
#96.9-X 10° » ABMAE LR WAVEIEIE T @B o Greenfield ( 1942 )" (EARBIENEA

{FFR O SR RSB T H,BO, B Chlorella tIBHRE - ﬁm&&mx? THOGME B B
AR EERZ R

S RPINGAER CO, BEERHFHTER ) » BT GIEE Chlorophyll eoAaz R¥A 1
RIS » @%aaﬂ&_wﬁﬁﬂmaswmggocmmmn,aaulﬁswbmm Nitz-
schia B Zn+t ORI E » REMEH 1 INEA » 2 medium P ES AHEI Zo+ » Bl cells
R U > THRGEETRIR ZEU ISR » BB ERAN Zn » BPRFTLRE » 3 medium &
iy Zo mﬁxa EBEcells » MHEERZn+* BB o M mediumAMAED.T.A » HE
chelati on B F + T 4 % 888 Zn** MEX unavai lable + LB S SR - 945 S EHgnE B
M BERF » RIBH medium R EAED.T.A & » REAFTHHTH Z Znt RE» HHK medium #&E.
D.T.A HBIE o EARBRP » Zn+ WARFMARE » H70.2 p p.m. LA Blmedium REE.
DT.A # » GBEERAE30~50 2 BZn" BEAR » BEERE » MmediumARIME.D.T.A
%, BMELEBIGZ « REBE 200 # Ll L AR B 5 p.p-m. R 11 p.p.m. ZRBESERA
medium 73 » B FmediumAMEE.D.T.A. ST KL R &HE > MAAED.TA % A&

—E» TR o

SRS AR B & R KBS ’ﬂﬁﬁﬁﬁﬂ’]%@&i{ﬁgﬁ ¥ Chlorella vulgeris ME » CuSO,
1077 METEAMSEMERE 5 X 10-* MT » XAERBD 50 % ' HCu+ BENE 0.3 p.p.m.
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o EAMM P HHCu* LW ERZ 0.25 p-p.m. LA » BEEABERELE0.01 p.p.m LA -
RUARBETH  BEEEN—  FUCu BWERIEHRE.

SREEHBTHFIERBRSVS BT » SR RERE NI T2 S B%TF - HYE ke
HnRBER ETHELEEROIREH Y » CELERRWEER AR EeEL S/
P 0§58 BRI ZE R AR R~ MR > DIRMAI B AEH 9 o Halldal (1956) "38tECa+
8{Mg+* Z ¥ phototaxis B FiEM ( antagonistic effect ) » platymonas £ Ca* Mgt
ERT 1 ¢ 68 » RIEMIYGME ( positive) » /NR 1 6 B8 negative o ZEHLEEeh » £ HERE
By Ca+® » Mg+ ZHMES1 © 2.2 » BIERFEE W ( mucilage ) B9 H A active motion =2
B D o T HAT A28 LR S R E AT At — S ER o R s H Ca Mg
“HEETOER BRAEEDTA FERAT » TRERARY  FHEBOE EZ2 H0% -
&wumﬁﬁwmcmMum,ﬁm&Mﬁ% + R HE RN R AR R AR RIS | » T
E.D.T.A. 8Ca , Mg BT IR TR HEER > AREE—SH T o _

ENEEFERER SRS R » BST U84 EWEEFTTRSHTE » —
BRZ » H5|#E Chlorophyll BOLATHE » X AERKE » BxmEs Y o Zuiiefehae B &
Ca*® » Mg+ ML+ AEAEDT.A. FHET » 248 8MT 520 o Hayward ( 1969 ) 9 $5H Ph-
aeodacty_lum # mediumPAEH3 p.p.m. ZMn*® #F > ge4ERE » TIEFEE REER 23 1.425
p-p-m.. FBILRE » R S8 » Phaeodact ylum $Mn+* (I BE Fer * AR » #Fe
RAERGE WIATSR » WIREDEaM » EHMR SRS RANFe O ESFE MR A BR
lmedium WKy Fer* o T8 Mn+ BISSEa00Rlc 18 » B EME Ry e B R » % ARERIK
- 0 MMEMn** ZEE BT BEED cel | IR IE medium (N » IR EEE BEA NLa M » 5 E—F

BY T o , i

SHZEEFAEERFEAZOAR RSN @B nitrate WBE/FH FOUYESED
&) s LA Chlorella TS » 94 B E » FUETE cells binitrate fESY BayRERS D » Wolfe |
R#gH 1 NS NH, Cl1 B+ Mo** ¥ Anabaena cylindrica ZHREEHEIER o FEIREET
FIgn A S g #Eh » AR LINaNO, EBX EMARE » # LS IR » Mo B— U AT R,
B8 36 R BE UG S5 2805 > NIRESNH,* » H¥ Mo+ ®WER » BLIERDAW o

ﬁmrm,mﬁmﬁimiam¢,mmNmﬁ%MEDTA%g&%?mﬁﬁﬂmﬁ@k,‘
BOETR B - WERERA EEE Mo i SRHNTAAHR EANAFGEREEERE
B medium WAFMEDT.A HR/A » LREEMo* HEDT.A BWRAMNBRAEHET + &
BE—HH %R ‘

w = —

AR EEFNEEEA N Fe , 8,20 2 Cu, Mg, Ca, Mn EMo N\ EMBETEZER

) ELBCER AR H A BRRR » REEERE o

| BEHBTREEEERFOME » DREE . HREHBR » B7E0.50 M Fo

2EDTA HEHBB TR SRR BASEWHE - P<0.01 o .

3 medium A& ED.T.A - RSN Sl Ta RE ESREWT ; %“’07Mppm’B“,
0.016 p.p.m. 5 Zn** 0.019 p.p.m. ; Cu*® , 0.0077 p.p.m. ; Mg+ , 11.687 p.p.m. ; Ca**
5.25 p.p.m. 3 Mn** 0.213 p.p.m. ; Mo** 0.684 p.p.m. .

4 mediumAMME.D.T. A, IRIEIEN & g Ty BB REBWT : Fe+:0.768 p.p.m. 3 B** 0.059
p.p.m. 3 Zn*? 0.022 p.p.m. ; Cut*? 0.0098 p.p.m. ;-Mo*® (0.214 p.p.m. ©

5 Mg+t s Ca** M Mn*' =HEFHEED.T.A EHAIIER » & R =1 s T 5% felE 2 B8 0E Bo
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