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ABSTRACT

The lethal actions in Arabidepsis thaliana and Lemna polyrhize brought about by certain
inorganic form of Mn, Ba, Hg, Cu salts, and organic form of Na salts, were studied with
aseptic artificial media. -

These metal ions at certain concentrations caused lethality of either Arabidopsis or Lemna
when the media were without Ca ion. On the conirary, addition of Ca to the media
protected the organisms from such lethality.

It was postulated for the present from the procceding evidence that Ca adsorbed and
distributed along the sites hetween the plasma and cell membrane acts for suppressmg

permeation of toxic level of metal ions causing the lethality of these plants.
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i oFel 7 werrel fShl E4 R lon o] fEBidel v1A & EfEBd #8e] Ca: REMNERS Y
Bdie] =z FEH "3_ e Y AERE MR AL 32 =k e glw ol Cagl fEFES Mg ion-g

HEAYE g s @3 ZRE e & 2Ehz v-(Mever et al. 1960, 4T 1955). HE&7HA & of
7 o] ® & Ca8 fRAAVIEEIS) Folul Fol viebibe ZiQivlel St MMEEEINY =23 4:{LERRY fitd]
e GHA R FEa vk EAe 9k e ik Carl EEES SEEEY S GA 2 2
HE FESS 5= (Burstrdm 1952) ©f fEfle] H=]MMEid] fhaE= & Cag Hol /ﬂ REY R e A
#4(Cormack et al. 19633} v}, LREEC Ha FeIMiEs] KEe 7EHMEEREd HEs Bl
3 Bho o]m 23l ul(Brewbaker and Kwack 1963) 917 v1¢} {50 (8 1955) Ca ione] =gl [EININNE
d = ol gzte] FeRstd AFE{E#ES . 9l (Kwack and Macdonald 1965, Kwack 1965) = 7EiERE
P A V EIEA St SEEEWEY MBEAs o5 2 Y (Bwack and Kim 1967). =21
CaZ S|yt EOMIECIA BrazehA v NREEAZ #le 2 £80] S8 IfEz #2R
= JREAAYILA AHTE EHElE 47Xl 47E Zlelch(Collander 1957, Van Steveninck 1965,
Weiler 1963).

Ca 9] TEMMREER D ¥AE J9k& GHE vtat% Zro] (Kwack and Macdonald 1965, Kwack 1965)
of - (@Rl Z QA o E MESl oW & BEERRE o9& W Cat 23 BN EAS SR
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2 9ok (Kwack and Macdonald 1965, Kwack and Kim 19670+ A= % <sA 9o},

75 WioE-S IR 1965)9] #EMie =X B E Mn, Ba, Hg, Cu ¥ H3 o] Na-FR{LAYE 6
st mEEA RS :[&FEVEFFJC’ At 2R & Carl s FES A 2l g
olo] s IEEA T A FIREE &3 NEETY BFEEY Cad KA FER
£ Bi(Chauchuri and Wiebe 1968)3F =.2|3t HEEFEE ] k& FEREY BREECT Caz REZ
th(Reabe et al. 1966)+= 55 5 4 =z Cad o|obzh2 £EEfEME =% HEEKE =74 g+
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o]t A S A 7B W (Lemna polyrhiza)= MEEFEQ Arabidopsis thaliana 2 F|FEsrs ¥
E=E EETFIA ATEEERS v FE 9 Lemna = £iEH7) ghol o] 2= R —Hd &
Fol =TH=% s Bl 25 EiEEyel 2 MEHEAe] (Hillmen 1961) 0] = = o] o
] Arabidopsis = IRZ ﬁF_ﬁgE7 1 Zola] a2 (Mckelvie 1963) 22 = A PEI(Langridge 1957)¢] 2=
o] $hw HEER Hiel BRI LE S4B FRHEZ 25 Feiv.

Lemna o] %34 = Knop's solutlon(Ferry and Ward 1959)-& &EH Jﬂ—-t‘ﬂ olH1 CaCl, & 2v] 2 gL

A(+C)F 9] &aAd (—Ca)ejvt &£R Fnd B SPES BEES Fidto SIEEEEe
5 AR =7 flask(FEEE 5 KEDY EER & 50ml & Y2 #Hks fﬂ"q RET % —EH £
Lemna B PyAGHY B &Ed BROES U5 394 5l 7. Arebidopsis = Hoagland solution
No. 2(Ferry and Ward 1959)¢] 1% agar & W& Zo]xz ~Cae #HsA= Ca(NOy), » 4 HO LB o]
NaNO, & o] &3 %73 BE SYWEE minstd RE BEE sl sEBE 65 <67 rt) o
gl 5mlse AT E HHAD S BEFAA BT KES BT 2ERS S8z By

vy, s 9ffe HMEEO KRS AN Hoagland 2 o] f@¥ye] 2 x2= ,51 BES i

IE(Fig. D oh. RIS BEER =& HEElys KBE pH ok A 5.5~6.0 0] 4 BTk R
0}5}‘1;']-
o|E sl —iEE FrHCl fBE & He FEs: dx EF9HEe Cad #H3 RS k)
R
# #

Arabidopsis B REBEES] MnCly lREET ol A EZRAIH & @ & % 14 Hrlol Table 1(Fig. 2)7 2+
o AL Ebdet, B —Caof glolA s 2.0% MnCly o] #3}e] S2R2FHEEFLMS] Hsl4 +Ca
o] glolA= A9 EESHA BIF ERESZ gen +CadA HFET BEE 2.0%9 9. Lemna
2 Aste] 2RERE oS Wl E B $% Arabidopsis o] EERTT BECEEYF 3HF 2o} —Camo
MnCl, 0.03%3 .2 Cacl JAME 0.09%FE EFE e Casl Ftel Hak ﬁ:ﬁ{’r—mol E 5= 31w (Table
9, Fig. 3). Lemna o] BEE 2e|dt BaCl, & A A ZOLEAL 97 9-& = B % 7 H=ld —Cadf
g A= 2.5%0 A 28 Bt =E el +Cax 3.0% AR oF4 A9 EEMOE EFESZ 99
£} (Table 3). HgCl, & 4%‘75!1 & 3 wl o= Lemna & BAE $ 5 Ho 1.omg/lFigFe]A —CadAE &2
Bz +CadAE Jizke BE 2850t 2d =2 &t g st (Table 9. = Lemna 7} CuSO, 7%
Il el A BiE % 6 Fl°ﬂ —Cad] A= 4mg/lo A 52& FIESY =8 +Cale 28 2= 47
& 919 =k (Table 5). JRE Lemna & FASHe &P = NaBis BB sgho } (8 1965) gk
o] 9lo] A Na-salicylate o] = Hifo 249 Naf A4 5 FHS BE % 7H —Cax
25mg/l oA BFEH e Hel +Ca 40mg/l7AA & 719 IEHeIor 50mg/leq Nafhe
7} #His] FElgreh(Table 6). Nag5e) EDTA A ] B E Lemna & +CaclA: 2.4%3
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Bl A BHE % SHl 2 2R E etz g gd=d —CadAx 2.2% A 28 Fima o (Table 9).
Na-EDTA & Arabidopsis o] #f8) 4 = fERY = §5 % 18 A=kl +CaA: Joakel 49 fEok @23
EFAQE bl —CaclAE 1.8%2 U4 28 REH BIEY =H(Table 10). Lemna = terramycin &
Knop’s solution of Yol £EAZ & v B % 4 Hel 0.1%AA +Ca 280 £H5P e —Caold
= ZBUt #5EY ot (Table 8), 28y Lemaa & 2,4-D7} & 43?@2 WRel EA R E H T olsArA 9
Caghfte] REaA -Cael e BiE 2 6 Hol 10mg/lolA 5525 Bl —Cacld= ofd 2

Table 1. The effect of Ca on MnCly-induced lethality of Arabidopsis thaliana at varied
concentrations, 14 days after seeding.

MaCl, (%) o Joi|oz]o4 0608|1012 16|20]24]28
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Number of individuals +Ca { 9 3
][ 0

Survived —Ca 9

Table 2. The effect of Ca on MnCly-induced lethality of Lemna polyrkiza at varied
concentrations, days after transplantmfr

e e e, = e

e e e e < oo s N

MaCl, (%) |[ 0 { 0.01 | 0.07 | 0.03 | 0.04 | 0.05 ‘ 0.07 ’ 0.09
Mumber of individuals +Ca | 5 ? 5 ! 5 5 l 4 ’ 4 1B 1_’__'“0—
Survived —Ca 5 4 } 1 0 ) 0 i o 0| 0

e e ~ A1 AL 2 s

Table 3. The effect of Ca on BaCly-induced lethality of Lemaa polyrkiza at varied
concentrations, days after transplanting.

BaCl, (%) 0| 0.5 | 0.50 | 1.0 | 1 2.0 | 2
Number of individuals +Ca 5 5 5 5 5 5 | 4 4
Survived —Ca 5 5 5 5 3 l [’ 0 0

Table 4, The effect of Ca on HgCly-induced lethality of Lemza polvrhize at varied
concentrations, 5 days after transplanting.

HgCl (mg/1) | o | o1 | 0.5 | 1.0 | 1.5
Number of individuals -+-Ca 5 1 5 l 5 i '—5——' I_ ——5._
ourvnc—:d -ﬂCa 5 }' 5 { 5 | 5 J 0

Table 5. The effect of Ca on CuSOy-induced lethality of Lemna polyrhiza at varied
concentrations, 6 days after transplantmg.

CuSO; (mg/1) | 0o | 1 2 | 4 5
Number of individuals ~ +Ca 5| 5 5 ‘ 5
Survived ~Ca 5 J 4 , 0 0

Table 6. The effect of Ca on Na-salicylate-induced lethality of ZLemne polyriiza at
varied concentrations, 8days after transplanting.

Na-salycylate (mg/1) Lo | 1| 5] 10 } 15 | 20 | { 30 | 40 J_50
Number of individuals +Ca 5 5 5 4 4 3 ’—‘—3" E 3 1
Suarvived ~Ca 5 4 4 2 2 2 0 0 0
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Table 7. The effect of Ca on 2, 4-dichlorophenoxyacetate-induced lethality of Lemna

polyrhiza at varied concentrations, 6days after transplanting.
9,4-D(mg/1) ‘ 0 ( 10 | 20 | 20 40
Number of individuals -Ca } 5 5 i —
Survived ~Ca | 5 5 2 2 s
Table 8. The effect of Ca on terramycin-induced lethality of Lemna polyrhiza at
varied concentrations, 4 days after transplanting.

Terramycin (%) | 0 0.05 ‘ 010 | 015 0.20
Number of individuals +Ca 5 5 5 1 0
Survived -~Ca 5 0 ¢]

Table 9. The effect of Ca on Na-ethylendiaminetetra acetate-induced lethality of Lemna
polyrhiza at varied concentrations, 9days after tramsplanting,

Na-EDTA (%) | o | 1s | 20 | 22 | 24
Number of individuals +-Ca 5 5 5 \ 5
Survived —Ca 5 4 1 0

Table 10, The effect of Ca on Na-ethylenediaminetetra acetate-induced lethality of

Arabidopsis thaliane at varied concentrations, days after seeding.
Na-EDTA (%) | o { 0.1 f 0.2 f 0.4 | 0.6 ' 0.8 | 1.0 f 16 | 1.8 | 2.0
Number of individuals +Ca | 9 8 8 1 7 “ 6 G 6 | 4 4
Survived —Ca ( 9 8 TT |5 4 4 ] 0

Fig. 1. Arabidopsis thaliana well grown to flowering in
agar-added Hoagland solution No. 2.
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Fig. 2. The effect of Ca on survivals of Arabidopsis Fig, 3. The eftect of Ca on survivals of Lemna polyr-

thaliana in MnCly (2%) plas agar with Hoagland hizz in MnCly (0.0%) plus Knop’s solution; laft,
solution No. 2; left, +Ca; right, —Ca(14 days +Ca; right, —Ca (9 days after transplanting).

after seeding).

fBB7 779 EAS MasslE o (Teble 7).
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e SRR o FRERY JL@BEdAdr o2 4E el 2w ok Miest =
A= Ca g =g KEwel mmskA =+ o EHERAT BRERS 94 A 24 8 R
EiRdE e el o83 v Kwack and Kim 1967) Z485RIE0S SN2 Arabidopsis S
Lemna i= =5 TEAEERS] ERA & 22 ERE vEldle Cae ¢l & £BHMn, Hg, Cu, Ba g
Na ion %) o] LERHEE HES] ETAZAT. AT BEE 2% Casl Mg ions 24 &E¥EE
Biol 2%k fubifEA (antagonism)#) FRiEsH=2 (Meyer et al. 1960, Fifi 1955) 0% 2A 01} 2 &
W e A = Mgk Ca s el REBALST 95 FoZ n| o] wol(Brewbaker and Kwack
1963, Kwack and Macdonald 1965) =z EBRE elotz 9z Cael MEfEm< BIfstE ZEm
Birdl Z87F ATA & B &9 v B BSEDAR A EEsl SERY SEMd %
g CagfRe = fEEe] HET] RS 3584 welgloh

S MYl Yl AE Casl RS = Carl FBEE LI WHEN @Fd mEsw .o A
(Bennett and Rideal 1954) == -e]fmfficl 4] B3 wps} o] f@pEel WRPIE 93 FHRbEeG
(Epstein 1961, Weisel 1962)-& #+o =4 W&l Mn, Cu, Hg, Ba 2 Na ion ¢ MEREAS
1E8hs Zlel=k nglcl. JEBMEA AL CaF vlEsle] fMiEkd FEHE SEYEY HEHER{T
£E A4 BEY vl(Kwack and Macdonald 1965)91=F. Ca sl o] 7o fRefifpRo (LA E S of
et e sbA] YAk Ghilk, W, EHES) Kwack and Kim 1967, Weijer 1068) ¢ %8 4 &=
B Aol

Casl EEER @ FRYEA H3 BF == EH/ERL E59 Cad "f] gt =28l dk K Ewack
and Kim 1967)5 - fafl3k 8ol gl o2 BZERMELEY 35T Bl sl ol
2,4-D 2 EIE{EMA A Ca 7t HHER-E WEM A Tolez 2 —fB9 auxin ___wﬂ non-metabolic 3 f
Azt RWARUE 2519 metabolic 3 @R 2 FFEARES JEfi= Aoy Cad RS FUE Ao
g} AlztE 9 ew (Kwack 1965) ¥ auxin :‘_ik]-—] 111clole E‘(ﬁ%{i TEREREdE Caffle =ox 5g

! [
* HE Ewack and Macdonald 1965) = 7} 3¢} o} auxin -2 metabolic & Al RS 3= gl=Fozm
pelel CaZfrt TR YRS HIEEmAA o = 7= L} non-metabolic 8}4] FfEstmn Q&g <&
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fEREE o =9 Mn, Be, Hg, Cu 22z Ao =4 Na 2 terramycin &g FISte] Lemna
polyrhiza $ Arabidopsis thaliana &) FIEE WA Figsle Caiond HEE ATEESoZA B
FLE Ao

ol &

5 BIEELS oW T BEdAE BIEHG e ol Ee] Cad HEdHde 2 BEAAE AY E

FRoE FEste 52 WSt
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