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E a7 fEved s A IAAA, A A&
T E AEY FrlolE B H71829 S T At
2 d&A Aadhe dEH &9 AE Sy 54
e 2A gtk E ol F A Ee] &8 Ao FEHH AlA
gel, ol Fo N G B2 sl gl T2 Ao S
g9 AR EAE dFar] 93 7|2 ARE FHIAL
s

Tz 3 U

Seuete] AEA S AFFA ol A AT e
‘5‘0]-?—3}9] 7V A o|(Atriplex  gmelini), &5 o}5(Chenopo-
dium serotinum), 5-=-9}Vt\(Salicornia europaea), &34 (Salsola
collina), VA (Suaeda glauca), 2 B %(Suaeda japonica), ¥ <]
A &) B 2l(Ischaemum anthephoroides), Zrt)(Phragmites communis),
A (Zoysia sinica), L8| I ArE3e] BB A (Carex kobo-
mugi), EBALZ(Carex pumilays AHAEZ o] &35k A
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& 75t ol AYE Agsigon, I Aol e
95 KA EPAAE 2] A3 B2 20 on 20
o) ESFS A 2Z 73 5t tHTable 1).
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Table 1. Sampling sites and plant species collected from several
habitats

Site Locafi Plant species
ocation
no. (Abbr.)

1  Nakdong, Boryeong-si, Chungcheongnam-do Sal.eur, Sua.gla,

Suajap, Phr.com

2 Dongjin, Buan-gun, Jeollabuk-do Atr.gme, Sal.eur,

Phr.com, Zoy.sin
3 Gomso, Buan-gun, Jeollabuk-do Suajap, Phr.com
4  Duu, Youngkwang-gun, Jeollanam-do Sal.eur, Sua.jap,
5  Duu-2 Phr.com, Car.pum
6 Hajodae, Yangyang-gun, Gangwon-do Che.ser, Phr.com
7  Namae, Yangyang-gun, Gangwon-do
8  Naksan, Yangyang-gun, Gangwon-do Che.ser, Phr.com
9  Mangsang, Donghae-si, Gangwon-do Zoy.sin Carkob
10 Maengbang, Gangneung-si, Gangwon-do
11 Mangyang, Uljin-gun, Kyeongsangbuk-do
12 Sagumi, Haenam-gun, Jeollanam-do
13 Balpo, Goheung-gun, Jeollanam-do
14 Tho, Jeju-si, Jeju Island Sas.col, Isc.ant
15  Gwagji, Bukjeju-gun, Jeju Island
16  Hyeobjae, Bukjeju-gun, Jeju Island Car.pum
17  Sanbangsan, Namjeju-gun, Jeju Island Car.kob

18 Jungmun, Seogwipo-city, Jeju Island

Chenopodiaceae (Atriplex gmelini : Atr.gme, Chenopodium serotinum :
Che.ser, Salicornia europaea : Sal.eur, Salsola collina : Sas.col, Suaeda
glauca : Sua.gla, Suaeda japowica : Suajap), Gramineae (Ischaemum
anthephoroides : Isc.ant, Phragmites communis : Phr.com, Zoysia sinica
. Zoy.sin), Cyperaceae (Carex kobomugi : Carkob, Carex pumila :

Car.pum).
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Table 2. Soil chemical characteristics of sampling site (SM: Salt
marsh; SD: Sand Dune; dl: detection limit)

Exchangeable soil inorganic ions Total
Site .
Habitat Ca Na K Mg a ions
no.
umol/g soil

1 144 3588 561 1356 1305 3685
2 0.28 840  1.05 079 262 839

SM
3 0.69 2220 265 421 727 2103
4 093 1063 207 32 39.1 1107
5 0.08 133 0.08 008 <dl 14.6
6 0.32 086 0.08 0.16  <dl 14.0
7 0.16 047  0.02 010  <dl 10.2
8 0.20 068 0.10 0.17  <dl 12.9
9 0.42 047  0.03 0.07 <dl 11.2
10 0.37 044  0.02 005 <dl 10.9
11 0.14 8.00 0.19 032 81 235

SD

12 0.62 125 0.09 0.16 <d 14.3
13 0.22 427 030 019  <dl 18.1
14 0.87 149 013 0.45 39 174
15 1.29 1.07 011 046  <dl 18.8
16 1.15 1.19  0.16 066 <dl 20.0
17 0.78 097 0.11 054 <d 16.2
18 0.83 074 0.07 041  <dl 144

F2H 20 W& Z7HS 580 W £ 5% phenol £ 400
d SISO, 2 mlg A7Vehed 1087} W) ¥, wubste] Ao
A 308 ¥7A171 thE, UV-VIS Spectrophotometer (UV mini
1240, Shimadzu)S AH2-8Fo] 490 nme) 2o A ZRs gt
2892 glucose (2~40 g in 200 1)E A-E5}9 THDubois ef al.
1994).

BetaineAl Elgr22| F£& F FHEAM

A8 F29 3 mE ol ZFFA(DOWEX 1x4~50, 20~50
mesh, OH -form)9} 2}t 9Fo]l& W& X|(Amberlite CG-50,
100~200 mesh, H'-form)o] E3A|71 o2, 34 Zd7)(rotary
evaporator)E o]-&sle] AZAIZ| A, | mle] FF4o LA
th. A8+ 045 m membrane filterS o] 83l o 73 & HPLC
(SPD-10A UV-VIS Detector, Shimadzu)E o] &3} t}23 7+&
ZA(Column : Partisil SCX 10 um, mobile phase : 50 mM KH,PO,
with 5% methanol pH=4.6, Flow rate 1.5 ml/min, wave length 195
nm)3tel A A FAaHAoh

9 8787 357

EY 23

3% 219 715, B #7427 a83 AEAY nu Y o

TE AEY Exd wl§ $83 J&S mcHAlbert and
szel 1973). AEA o} SIQALT ERS Frjo] B £ o] 2%
FZ AEA @A m}a} E23 Aol & B THTable 2). A}
H EYS F o] 29 10.2~443.7 umol/g 2 W 3letH o, o
HA EYo] 71 =2 %ko B tH368.5 umol/g soil). B
Ca¥, Na', K" 2 Mg 9 7 oko|&e zbzh 0.08~1.44,
0.47~35.88, 0.02~5.61, 0.07~13.56 umol/g®] Z+< VeRfPom,
AR 9 9] Na'o]-2 3H0.44~8.00 umol/g soil)& AR E
(8.40~35.88 pmol/g soil)ol] Bl8} BAF B2 7+ BT Cl o)
L2 2R FAad 2 GEA oA E 262~130.5 umol/ge] ek
& e ow, AR EGY ClT o2 wig v &
Hoh Ay o= ﬂééﬂ EE A B vla] o ¢ 2
T71°l«‘l(Na Cl')?% & Ut wtebx dEA]el A48t
B2 EYY 58 Frlo)gd o3t of2 S w2 FE
Teld I8y —:—‘r°ﬂ «lfa 4] S W uhdd, St A
FAQY AJELS EY A dF TEEUE 9 TS vt
&, Bafoll o3 vpEY Ty B¢ AxAd o & ¥
Bg Z0E Aztgrt.

AEH 2 el
51%4 A el A8 2 934 A4k AE9
Lo Fig 13 2ok WJold 482 LAY sjgat
-TLX]@M] E8ste FHYot(3.83), £AT(6.0)ETY BFA
ol AAstE 4E(692-8.70)°) o B2 FE& Firoke ALz
ZAEL, AEE A P £ SR wsks 1A
ok Holrd g2 HEFH MAA A wet thi Aol g B
Ak, A0 R Az B3 Ago] vgiA e 52 FE
FEE HERIAT 2AGAE A} A2 HEL HEF
H g AEA Gl A 27 olske] W #hE EAth £
AHE Bolgd HE9 w2 FEEFHE

_4

Ratio of plant water (PW/DW)

O 4N WS 0D N DO

.| Sas. | Sua. | Sua.

Phr. com Zoy. sin

Chenopodiaceae Gramineae Cyperaceas

Fig. 1. Ratio of plant water to dry weight in the leaves of plants which
belong to three families (SM: Salt marsh; SD: Sand Dune).
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Fig. 2. Contents of cations (umol/g plant water)and chloride (umol/g
plant water) in the leaves of plant which belong to three
families (SM: Salt marsh; SD: Sand Dune).

A el 249 Na'} €173} & 0] 29 ¥EE 34317] 9
2L U538 $O2H o)F olge 4L 3FsE Ao
Az

AZH el 2l0l2 B
ZAE A2 AN $84 F7102 FEe Fg 29 2
43 45 9 B4 sl DAL W13 L A2t

Bl WAl £2 ol 2(56, Na) % oI CITLE ek
deh Az 9 B3 WA Fole ABE Trre)
Na'ol €)% K's} Ca’ 4& H ALz A8 ol oled §4

7F A H 3, A0 FEd Na'o] &8 9817 Hrh(Ashraf ef
al. 1994). HolFa A F AAA B siAbrel] AKse F
Holg ot £330 Y A, GEAN ASee FHE o) 2FH
of glo] ST Aolg Bt A A& FHolTE
AU =& K'$2H238.30 umol/g plant water)s} W& Na' &g
(31 39 umol/g plant water)& E.Q1 wHH, s QAL B HEA ol A

L3 252 2 K5EH31.20~94.09 imol/g plant water)o]] B3}

"?i A3 & N ?}"*(235 02~579.24 pmol/g plant water)& E %
o} olgjst 54L& HolF A Eo] HAHSE Ef Exs)
< ¥7¢ ok°]% AR HFE A8l A540% E8si7) 9
POz AZEY Fig 204 & 4 90| BolFd 42e A
) o} & e Ca¥'3hak<4 umolig plant water)2 UER) ST &
wAoR Worsel St A% AdAY wREAE

(physiological calciophobe)Z &4 e, $UHE C g
Ca-oxalate FEI2 Axe] 2AFoTH HEA AT &g
Ca’ 0] 2(10 pmol/g plant water ©]3H)9He 3431 AO2 oA
ZtHChoo and Song 1998, Kinzel 1989).

ot AlR o] &3t A ES AFA ) Fagle] ta ¢
g Foj2# Cl & é]%iﬂUdOﬂ sttt sl A&t
E YR Z(ARE AYsE AW Na9HHB2 = 173 1
mol/g plant water)o} 23 thgke] K 0]2(176.9£76.3 pmol/g plant
wate)S SHde S EAT AxA diEd 4Eq
Carexdy Mg ARG F&3lH theke) K'o| 23 A3

5 H2AEGIA A 27 W A6E
Na'o] &g 343t o] 2o X Lol ME o] MAAE,
ojo] RH&Zg RAME o] FHAZ ALFOoEHN AY o
28I¢s aAHdor zAdE A

©2 AZFETHChoo 1995,
Choo and Albert 1997). W 2}ol] &3l .}%% Bl ¢tA}Fo] B3|
FAA o] EFo] tha Frlsle FEE Bied, 2dle
A 54)(286.29 umol/g plant water)ol} A 3) SHAF(182.30 umol/g
plant water) 2.0} B %2 K@ 2-S Yehi Az, ARte G&A
(234.06 umol/g plant water)ol| A & QFAL7-(86.88 1mol/g plant
wate) 8ot B & Na'E @43tk 9ubdo e A4y dF
Z(xeromorphic leaf structure)& 7} @A 4 &2 FEE AW
of Wol AAE & glonz, wdAe) EHH o] &(Cd,
Na', ClI°, £3% o] §) wiA/I&E 7IE A2 484 9
o 3, 1—‘% 41%—8— AW WL o] LTS FAFA D K'E A
gAH0o g Frste EEHQ o2 FFAAE /A, HExRA
o E-‘Vﬁ.ii Fol T2 4EE e 2R ¢¥A 9l
tHHuetterer and Albert 1993, Choo and Albert 1999). K'= A 21
o A AFEZA A osmoticum)ZA] Al Z W BHS °x]A]7]‘—
&2 3l7) mFo K'o| 29 AhdQ) %3zt 34 Az g2
7lo]23ko] #3o] Y 2 2 AW A, A tj Ao “H

1800
B Osmolality
1600 | 0 Total ions

1400 +
1200
1000 +
800 r
600
400 -
200 1

pmol/g plant water

Afr, [Che.| Sal. |Sas.|Sua.|Sua. | Isc. | Phr. com Zoy. sin | Car. | Car.
gme | ser | eur | col | gla | jap | ant kob | pum

Chenopodiaceae Gramineae ICyperaceae|
Fig. 3. Osmolality (umol/g plant water) and total ion contents (umol/g
plant water) in the leaves of plant which belong to three

families (SM: Salt marsh; SD: Sand Dune).

300

B Carbohydrate
25¢ DOBetaine

umol/g plant water

Ar. | Che. | Sal. | Sas. | Sua. | Sua.

Phr. com

Chenopodiaceae Gamineae Cyperaceae
Fig. 4. Glycine betaine (Losm/g plant water) and carbohydrate contents
(umol/g plant water) in the leaves of three plant families (SM:

Salt marsh; SD: Sand Dune).
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AZEAC MESSE, & 012, 2, ST 2!
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o g A6 A3 9Tt 7Y 2 AR EEE((129991

losm/g plant water)$} & o] 23 2K(1126.83 posm/g plant water)S
sol 20w, ZeAdl Qs EH} MY e 4F
EE5(550.89 posm/g plant water)s} & o ]%fé}%k(487.54 osm/g
plant water)y& UERAAUTE SAEHE F HA Aot 7H
=2 AEEEL(1113.71 posm/g plant water)ot Z o] gtk
(762.28 posm/g plant water)g VER AL, AN B 7} 7P W
AEE215(540.35 posm/g plant water), ZAZTI7} A W &
0] 25+2K418.50 posm/g plant water)-S VERASITH
S84 B B 2T FRAINE Bo1THe) DA

AR A2 0] TS Aol E HAHFig 4. 24
B g FEe ol AEe 7 §16.5~77.6 umol/g plant
water) THAFE 4 E(59.6~213.1 posm/g plant water)ol] Waj ¥]w
A e S YA, sttt e A A&sie ot
F3 4E<¢ £40e)(60.7 posm/g plant water)2t &5 oF(77.6
posm/g plant water)= g2l Mgt O A EFd vd &
& URS e B0 A Bk e
AFEEES T w2 AW FEA 9 FEH, AF
23 EAR ¢HA glycine betaine (11.8~31.5 posm/g plant
water) o] TRt AR ZAEHUY & BAHAEL
otz Aol vlE v B& “E}%%}‘Hﬂtﬂ, HFEFTEY
S7tst tiol 7 §ekol Ftsle e Ao, glycine
betaine-& Ué°H—»]—°ﬂ vjsf e shEK~11.2 uosm/g plant water)
S 23tk Glycine betaine2 47} 425 313HE(quaternary am-
monium compound) ¢} UE HAZ, TP I AL 722
ZEFH 20 AT B ’ilﬁzﬂf’ﬂ*i FHHE AzA 4FER
olth. & AN B Ao F5E F7)o]&MNa's} C
)& 2 A3 ?ﬂ"}@}“ﬂ AXY HFERAE A8 AxF
glycine betaine& %2t} 3l glycine betaineS A &3loj A &
ZolEuts B3, B FEIXUANM FPHELEE §

A A 71}, Glycine betaine®] $4d& 3] PA A A &Ko
Al glycine betaineS TS AEL AZX, 9 11 AXAE

gl 2o that AP S YeEflE AR 4 A AtHGlenn et al.
1999, Rathinasabapathi 2000, Robinson and Jones 1986, Xing and
Rajashekar 1999).
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Inorganic and Organic Solute Pattern of Costal Plants, Korea

Choi, Sung-Chul, Jung-Jin Bae and Yeon-Sik Choo*
Department of Biology, Kyungpook National University, Taegu 702-701, Korea

ABSTRACT : In order to elucidate the ecophysiological characteristics of coastal plants, we collected them on
salt marsh and sand dune, and analyzed inorganic (Na', K', Mg?, Ca®") and organic solutes (soluble
carbohydrate, glycine betaine). Chenopodiaceous plant species (Atriplex gmelini, Salicornia europaea, Salsola
collina, Suaeda glauca, Suaeda japonica) showed a tendency to accumulate inorganic ions such as Na™ and
C!™ instead of K. However, Chenopodium serotinum which lives in ruderal habitat contained more K' and less
Na' than the other Chenopodiaceous plants. Most Chenopodiaceous plant species maintained very low level of
soluble Ca* and relatively low concentration of carbohydrates and showed high concentration of glycine betaine
which is among the most effective known compatible solutes in the leaves of plant under drought and saline
conditions. On the other hand, plant species which belong to Gramineae (/shaemum anthephoroides, Phragmites
communis, Zoysia sinica) and Cyperaceae (Carex kobomugi, Carex pumila) absorbed K’ selectively and
excluded Na* and Cl™ effectively regardless of habitat conditions, and they accumulated more soluble
carbohydrate as osmoticum than Chenopodiaceous plants. These results suggested that physiological
characteristics such as high storage capacity for inorganic ions (especially alkali cations, chloride) and the
accumulation of glycine betaine in chenopodiaceous plants and K'-preponderance, an efficient regulation of ionic
uptake (exclusion of Na* and CI”) and the accumulation of soluble carbohydrate in monocotyledonous plants
enable them to grow dry and saline habitats.
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361



