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Ecophysiological Characteristics of
Plant Taxon-Specific Calcium Metabolism

Choo, Yeon-Sik and Seung-Dal Song
Department of Biology, Kyungpook National University, Taegu 702-701, Korea

ABSTRACT

In order to compare species-specific calcium metabolism, we collected 127 species belonging to
40 different families grown on various habitats including saline, limestone, wetland during the 1996
vegetation period, and analyzed their inorganic ion contents. Plants investigated were divided into
5 groups according to their physiological properties: 1) Chenopodiaceae, Aizoaceae, Caryoph-
yllaceae, Portulacaceae and Phytolaccaceae of Centrospermales and Polygonaceae (Polygonales)
had a little water-soluble Ca’* but contained high contents of insoluble Ca** particularly as
Ca-oxalate (Chenopodiaceae type), 2) Some plant species such as Rosaceae produced oxalate in
amounts insufficient to precipitate all incoming Ca’* and thus contained a surplus of dissolved
Ca?* (Rosaceae type), 3) The contents of water-soluble Ca’* in plant species of Crassulaceae,
Plantaginaceae, Asclepiadaceae, and Zygophyllaceae were equal to or greater than those of K
(K/Ca = 1; Crassulaceae type), and 4) K/Ca ratios of Compositae were significantly fluctuated
depending on species and soil Ca?* level of their habitats (Compositae type). 5) Certain monocols
(Gramineae, Cyperaceae, Juncaceae), in contrast to the dicotyledonous plant families mentioned
above, showed a very distinct type of calcium metabolism, that is, the K/Ca ratios of 8~10 were
maintained indifferently in the species and their habitat types (Graminae type). These results
suggest that the physiological peculiarities of a species affect its ecological behavior, showing that
plants within the same taxon have similar physiological aspects as well as morphological attributes.
To understand calcium metabolism of certain plant species, therefore, it is desirable to approach
on the basis of physiological concept (calciotroph or calciophobe) rather than the ecological one
(calcicole or calcifuge).

Key words : Calcium metabolism, Calcicole, Calcifuge, Calciotroph, Calciophobe.
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gS 100ml AzrEeisze] st IN-
NH:Ac £ (AR E) SomiE 7hste] 1AIRE 3
gl & oug oe Hds) g ICPE At

Eo}:o} pH 7 7re. /\—]pj;ﬂ oMLoﬂA1 pH 5.96~6.03, &
FA 2 getabrol Al pH 6.98~7.25, FAA4 pH 5.
89~6.50, QAolA pH 5.71~6.40, wgFA|A pH 6.
26~7.602] ke How, AFAt wkAo] Hsh A
34 goko] pH7} thh whe HolRUth(Table 1). B
/] z]ﬁlﬂ Ca’+° H]H§]7<1 o] o];\}oﬂ/q 7],74- Ll—oLJ—l(l
59mmolc/100g soil), 23]d Eoko] mekAloA HE
B 9ch(14.60mmolc/100g soil). E¥S] Mgt ke
Ca?* Stefo] ¥ oA ®lwa =A Webstil, Na*
B K+ e 54 A(dFA)S Astiie MY

& Aot At
T24 o|2#e Ha

B ZAL A B 260~ 1,800 umol/g DW 9]
& FUEIY A5 490, ARvhe
580, W= 640, AH 3= 780, HolEde oF 9704
mol 1g)x =3}ufe] AE-& 370~ 1,440 umolfg pwi
steralE Btk (Appendix 1, Fig. 1). theksh &5
Zo 98 #22 4 dx Ca*s i 20~760 4
mol/g DW A% sl i, nir]Eatel AR g &
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sbe ol MEuh MFEW, A AHEH
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whA, bR Wbl ksl Aol ek
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(Appendix 1; o, Salicornia herbacea).
E8Y Ca»* o|2%e i

o HuANs Cavol 274 WejE Aour) A3

AH1 N HNO# € (1 N NaChog &3 Az &
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Ca2tS 8hg-&t AAolx), EvEyle] A|BS ko] B
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Chenopodiaceae Polygonaceae Compositae

Ca (acid-soluble)

Crassulaceae Plantaginaceae

Ca (acid-soluble)

Fig. 1. Three-dimensional plots of water-soluble, acid-soluble Ca content (umcl /g DW) in the leaves of several
plants families, and their soil exchangeable Ca contents (mmolc /100g).
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Fig. 2. Calcium content (umol /g DW) of fractions extracted from the leaves of several plant families. Bars above
the horizontal line: water-soluble fraction. Bars below the horizontal line: water-insoluble fraction, The extraction
solutions were H»O, 1IN HNO; and IN NaCl, as indicated with the respective bars. Numbers in parenthesis mean the
number of plant sample examined, Narrow bars mean standard error.



52 Choo, Yeon-Sik and Seung-Dal Seng

Korean J. Ecol., Vol. 21, No. 1

1000 1000 1000
g (o] OO d
1001 hd 1001 _® b d 1004 o o
... © *®
104 .* 10 *e 101 % !‘, *
- 00° N
= s 0
,g e Chenopodiaceae 1 5 < R .
3] o Aizoaceae, Caryophyliaceae, o Compositae )
o Phytolaccaceae, Portulacaceae, ® Polygonaceae © Convolvulaceae, Labiatae,
= Solanaceae o Ranunculaceae Umbelliferae
()] 1 v - v T ™ A ™ — - A T - r T -
el 0 2 4 6 8 10 0 2 6 8 10 0 2 4 6 8 10
=]
2
21000 - 10 1000
ko ® Crassulaceas, Plantaginaceae ® Rosaceae, Leguminosae ® Cyperaceae
© o Qsclepla;:llaceae, Euphorbiaceae, © Campanulaceae, Gentianaceae, AJuncaceae, Liliaceae
ophyllaceae i i i
E 100 <ygorhy 100 Rubiaceae, Valerianaceae 400 © Gramineae
«
O Lo N
2 10 104 10+ <8 & o
o . A °
°  Jo] o
& “
11 1 17
.
1 T T 1 + — v 1 T v T T v
o 2 4 6 8 10 0 2 6 8 10 0o 2 4 6 8 10

K/Ca (acid-soluble fraction)

Fig. 3. Relationships between K /Ca (water-soluble fraction) and K /Ca (acid-soluble fraction) in the leaves of sev-

eral plant families.

Table 2. K/Ca ratio (meanzxstandard error), cal-
culated from water-soluble fraction (umol /g DW) and
acid-soluble fraction (umol /g DW), in the leaves of
plants from different famlhes

K/Ca

No. of
Family -
Water- Water- sample
soluble insoluble
Cyperaceae 9.6+ 1.5 4.0 + 0.7 15
Gramineae 8.9+ 0.9 3.6 £ 0.6 9
Liliaceae 12,5+ 4.3 34 + 1.0 7
Orchidaceae 5.3+ 1.7 2.0 £ 0.7 3
Polygonaceae 75.5£25.2 2.9 £ 08 12
Chenopodiaceae 66.1+25.8 29 +£ 0.3 8
Ranunculaceae 4.7+ 0.6 2.0 £ 0.3 7
Crassulaceae 1.0+ 0.3 09 £ 0.3 4
Leguminosae 3.7+ 04 1.5+ 04 6
Rosaceae 3.7+ 1.3 1.2 £ 0.3 3
Euphorbiaceae 1.9+ 0.1 1.6 £ 05 4
Umbelliferae 23.0+16.9 2.2 = 05 6
Convolvulaceae 16.7+13.0 1.9 + 0.6 5
Labiatae 9.5+ 1.9 2.4 + 0.5 6
Plantaginaceae 0.9+ 0.1 0.8 £ 0.0 3
Compositae 9.7+ 2.1 2.7 £ 0.3 28
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Fig. 4. Plant Ca contents (sum of water- & acid-soluble fraction: umol/g DW) in the leaves of several plant
species grown on soil having low and high Ca contents: Group [ (1. Carex fwmilis: 2. Rumex crispus: 3. Phviolaccea
esculenta; 4. Persicaria hvdropiper, 5. Tetragonia tetragonoides: 6. Suaeda asparagoides), Group (1. Eupatorium chinense var.
simplicifolium: 2. Sedum telephium var. purpureum:. 3. Glehnia litioralis: 4. Xanthivm conadense: 5. Tribulus terrestris), Group
(1. Chenopodium glaucum: 2. Chenopodium album var. centrorubrum: 3. Rumex crispus. 4, Persicaria thunbergii, 5. Rumex
japonicus), Group NV (1. Codonopsis lanceolata: 2. Lamium amplexicaule: 3. Sedum sarmentosum: 4. Oenanthe javanica: 5.

Humulus japonicus).
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HCO:~¢} Catell wzkshAl wk3-dl=d HCO, 9 &
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olalz vtE &o| A& wla| #A3) wow, &
4 Car* g Aol sk Ao dEidt Sdw
B Fig. | & 2014 ] ool svheat A
Zolx}, Wrpaat, utEviely cela 45 sk

o, Yz}, At ABA JEE, dx FEY
250 pmol o]4e] FL 84 Cart I W K/Ca
e Jehgn) o)E teos tEe) Fijo) &
B AZo] vk K/Ca H|E HtH(Table 2). 32+
51%%’* Eohfo] #3538t Catts HFH AFFRA o]
sk 4 9)7] wiite] RyEFHoR Bk Catto] FHE

of Z#atiar FeFITH(YEH 543 *”’)(szel
1989). 3, Fig. l1olM& Salaha] otAwt gutbze

[
—

H 01:0 ok

2 oEuEiel A8 Be] Catt BT e #7300
el ®aoh k(e Eel §AE A8 Réss-
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ner and Popp 1986). 0159— Ca2+ REEGAM S
spHA U Cat 878 9l FEE Cattg st
S A "a‘\?ﬂlu}(Horak 1971, Kinzel and Berger
1992). ol9h= wHHR AHHOZ Calto] FHF 4
of JehAIY A H]] d44EoR Hole AEREe
Fig. 49 group [lo Yehd wc]Ee| Persicaria®t
Rumex £& & & 3t} o] o # 4&7 d& Uz
3k 8ot Aol Ab= =T Dianthus & A& A
Hol7th(Kinzel 1982). ©l& A& #4d
Ca’*S HAAZ & Qe FET 4ol oxalated
Hog Fgsin, ojH e AW F84 Catts
A8 SR o] HelA 74 ERIHES A fA
At ollal £F  A2)d (physiotype)olet Eele
ARl FAME 7HRIcH(Kinzel 1984, 1992, Larcher
1995, Choo and Albert 1997). M& & s4FE A&
2 ole Y oxalated ¥= thRFHOZE Calto] FH-g A
HoA Carto] Wikt A EAZ 53| ¥ w7 (5
Ha)E 7AE 7tgel] Eckdox Ax R Catte] FF
& B3 7iE Aty g S5 948 V-
ATPase or V-PPaseol] theFe] ouix]7} @7¥c}(Ha-
ger and Hermsdorf 1981, Barkla and Pantoja 1996).
& 39, calmodulin®} #-& CaXt AP A&
AEAgogy oM HIZAZ Cate FErde
olef o] oxalated Rt o] FAM TS Folsich w2t
A, Zgol ERF AroA Ao 9 Lmollg pwe
Cartg F3sle 3478 AE(d, Y, A7EUE
5 28 A2 vie) FFREAREA EG
7V FRE Calt o]2g APHOR o|fde YHE
7HAAE, AEZAH AE Afo)9] ofF & FE THIE
A= lold dzuigiel] wfe FapAolal oA
ARA £EAE FEAAL de S oL

r1r
)

e
Ay

e
oz

3L
[€)

Oxalated] 42 (42X HASY AS; YoiFo ¥ &
a[2s)

OxalateE Al ABEL Ca-SHAES A3
£ bl AEuel a3e F84 Catg FRUh

e gdst A EFo A &3 B o] 23 Catte F
sl ool webst 4= Qr}(Fig. 2, Appendix 1). =]
o&f FZHyE Cart ke 2k 0.4~180 wmol/g pw
Yroity, dutdoz #AHA AE(d, 2], 4
Wi ol A, e, 2¥E §)9 AxE 10
gmolfg pw o|3ke] f&] Ca*to] EAlsl=d] 99 57
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8 A2 Hlg Axg AEA Abole] TR e
2] 100u) ATo] BEapsith wabd o]ed whe dx
Calt 155‘; ,(.“_L;do] u—o Cat ‘r_L:_ OX]E jlo]o].
Al ke VS teAE mEA ey opEAA] o
2)gk afolo] Aeld ool ¥t Ae Aol o]Fo]
2|2 ket

OxalateZ &Ast= 4
ol Ft} Fig. 2 oM & ‘Rl')i
o] oxalate® gdle] 84 FEFT Calt o]&& 7
o] NMAA Y AF (o, Wolga, A, Mg,
MEER, 2keaa %O]‘”#’ vlrjE, 7k )
FYHE BE Catg HHAAIIY EFRT ¥
oxalate® Aste 4 %i TES 5 Ark(d], g
ojugjolau] 2, vlele] o}, 5ol §). o5 A E
AojA Fabrel w2 Catel FUS oxalated S
Tato] Ca-Sababd e s F7RN7IARE Hlad o
He A Cat TS FA3 WA A= (579,
golzy, HlE®, MF¥, vgEHLS Fig 49
group Lol ®la} MeollX & oxalatefA 2t Calte] 3
Aol Fsl= Cattoll o8 ExiHwe 2oz HiuHA
t}H(Kinzel and Lechner 1992). o]&l 2]&o thal] Iljin
(1936, 1940, 1944)2> AJ2]x<l 3z (physiological
calciophobe)e}t FE & 3H Tt

E_ﬁ:]z«]Oi }\galxvl% 6:]9L/" % /\@EHZJQJ z"s_g)_q:é;]}j,
22 2eix d. vy Catto] FHE AR A3
ARG (L ol Rrkg fuR))el| o] 4 Eo
AgAle] Al Hel dZ4Fge of9A thAst=rR? o
MHog YL AEu HFREEEE {71l
2 (£3] malater} citrate)®} $HA Cal*E o] &spx|ut
Fig. 4¢] group M) 2E3} & oxalate®-& 0]?1%*
gk ¢ gl7) wEo] AN B HPK|A] ¥
vherel 7““* BraEs o83ty *ﬂ*‘fﬂ HFEE X
At} & olgL WA AFEEAES /28] 9
a8 gy eesiEe] wdisk RxE *‘éﬁi o}
(Konigshofer e al. 1979, Albert er al. 1930, Kinzel
1982). AME3te] g2 AEL oH 7FE #A %
7ol BE N3d EokS dujshs A @43y
22 2 4eA v} (Kinzel 1982).
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e O}U}.

g 3 K/Ca W9 #3lE Bt (Fig. 3). ©
] -

w

% Z3lube] A12e F7h £ gA-o| o} thoksly
ol rjokat FHo] el Ml F fI4S ob7lst A
o2 AZPACHES 1996). Fig 1014 HojA)= 7]y
a3t AES A4y 9 sAFEE e SRl
el 7kxe 7ol S8 aFo R BEeldlch W
o Ao lojA Fo Haet Ca-Aeld Alojoll=
23 ARS 7HAE (Larcher 1995), =slv} AEA+]
2o ERdAUe F 88 2% e AORE njHo
223 37 Alole] thFst 218 1T Hav) ol
=& 7Es] AARSH

X
H
ok
ik
Mo

o
7
BN o
¢
o M om T
o2
=2
oo
F.N_, 010 K

2
[

Hu
2
5

e 12 o o
ol

of Asjduf

_i
@]
&,
g
ol
H

S0 2ok et Fig, 04 4 vmg} RESR
2EE T BN S8 Cat B o4
o 284 K'E R, K/Ca vl et 9~10
£5 §A89HTable 2). olth o2& 4448

z
ol
e
sy

AGA &2 Fojzl St M o] A2 Calt
35‘—? v A uiolzk A" (Passama 1970,
e Bilde 1978, Choo 1995). dutx o g xjodAl &5}
%’fﬂ SR A5 (53] B} Abxh)e FE A
J 9 FZ(xeromorphic leaf structure)s 7FAH o}F

gt Folo] 2tAl s Holedl HE A o]
Fe o JHoez Kb AujFolthHK-HEA).
upgbi] olg A5 B9 Cat, Nat, 9% o2 5
S ag8Foz A, e aRFHORE 2pile] F7
ol& WrE FAsE Aoy AR (Albert 1982,
Kinzel 1982, Choo 1995). &3] Alzx#e] x4 44
A Carex?y A& o]&o] FHa oAM= o] uf
AALR, o]o] ¥t FoMe o] FHAR g3}
o2 159 oledErs 2 zd™d 4 9tk (Choo
1995 ChOO and Albert 1997) upeba] w2l 2o

O e 2 oX M 1x X 0 O (T oob
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Zb AEe] AeE el e dEFE vl

4o F&8h gl wEhA 7]Ee] go] thFol A
e) 20l F413] 4142 (calcicole) -8 41 3] 4] & (calcifuge)

Adivks el A Bl (el 24gd Te 82
Fd)s fiteke Aol Hwgel AFiAkE olsishs
olo

o wierAeltil oA wolslel BRUSIe) 4

O::

A A5E et 43 ol 2 RS
AuAe] ol FaE mE AdE goles xalel
Peaa we Aed 54 (R P R, v
ol vl S)el meE Haw & ek

i o8 95 B0l SR RO ofsl i)
4 AR 2 Haalel el Sag sl

g 2

e ABgel F-Holel aHUE W)
Sistol 19969 HRIINEL G AR A3,
4 5tk Rolole sl A 9= 403
0u 12758 A3 LAY 1 A9 wi Ca 4
P 2 The| 1o BRI

o

1) A 2= (Centrospermales) @] golrul, MFE},

N A = o tin
284 Cal 719 AR SA LA Ca(E3]

Ca-Saeh) s b diéle A (Fobraty, o3

& AEHY filEe 2e Cad

ANl B gl oxalates sk A (R

|3+, 3) %Ur%i’h Aol w7k 3t Wb aks
=4 A
}

2
N
[
=
o

Ca (250 zmollg DW 01”)
< FHRato] E% ] | K/Cavl& U= A (
ey e s4ad), 4 wstel &k il%
& EYO Ca 3 9 30 2fo] Fol wet Fe
K/Ca Hl¢] ®lE& _té_OL 2 (5 3k2H),

FAEI= ryoz whgel &she ua, *L%T

o o

sEdel Awe ded @AY AWE K/Ca
(8~10) M2 wolil, AAHOE 4ol Cad Piohs
AmakE) o s

glel 4 W B H Rl Hdte AES
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710l Wol thFol L e T4 3|4 E(calcicole)-E
A3 B (calcifuge) 7ldRThs Al Edi(ga14
E@_—Hd L= d?l#?ﬂ)i 2 *15]_: 740] Al g_?:o] Ca

HARS olaistet] o uhgrAsitta of AR

X

LB B O )= -
Ga 4 Aol t#%—% : 2puA A40w 24
celn, & o] 2918 opr)x) oM % B9 Al
AeAE B gAE myu
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450.
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