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&7] ¢ 2™ Z2(Suaeda japonica), Z5 v (Salicornia herbacea) 3
A Zth(Beta vulgarts var. czcla)% Az she] & EE(0, 50, 100, 200, 400 mM NaCl) 2 7 7]
=T (Hoagland £949) 1/1, 1/5, 1/108e)E @ajsted 259 G443, Fa, F7] o2, 37 Ak
ZAEA] WstE YO BMATE 3% Foprs AE2 1YY 3 99 sl i)
Aol Ao 92 2AHA0H, £ UGH /172 Sa 400 mM NeCl HINNE 843 4TS
= 3949 EEuirisl 200 mM NaCl AZ7HA] 7o) A% £3¢ Bele i 2 22 YdA=
HA 50 mM NaCl o] He]FolA ofzhel A% As|E Hol: ARz A7k el § 54
10},

FO
[
N
e,
_,4 ated

kr oo

ng At K

dhe D %2 of 2 b 1A
o2

7ol o) Eeel RoIx 3F 4B P/ 4 S G FEG FAA Aol 2% $44 Cag
3 (<10 uMg plant water), Ko| £ ¢ 557} Z7kgol wheh b 2489w, Na'3H O™ iAo
71 9k SR @ S0} S B 94 TlaGE B AL BEE B 3G R Bl B
S 3190 43 L9 A% Agew, W) AEES PR o 9el FEAt 371

H 4“

06;1M/g plant water&’ijl, 50 mM NaCl A2l o HUAE liﬁli}

HMO|: Awx, FEvid), <o, @ B4, ol 2% ¥, glycinebetaine, proline.

tHKinzel 1989, Schachtman ef al. 1992). & 49 AW F+4< Al
N B galr) 9l Welold Ak Tt 27 K9S 4A
U, g 5y Mo AERRREH g 9 £&& FH3
A g0 A5 A8 goket Qold o It TN wal HE AE Na'g ZHFOZN AR 052
gtk 53] B 2 Ao e HEd d v E A A 5H= Ao tHDavenport ef al. 1997). & AP BE 44
A AEe S Aelets a9lol At EYY dFR3E 2ol M e, F5E 98 AFd FHsAY, A 2
o|FE YR E Y 3 S RS dit EEA%t A WMIE FE AU FA §58 F oles PHde o
718 A&HQ] BEof £E TR QY AFZHLE fEHE kst @*Ur 8 oz YR 9 44 A 9
AH7F EAHE A AZ A, T3 A7 & FE0E < A 9 A5 YR AAGLEN ¢ 2Ed Lol st
3 AgEe G& 7k WSS o g AFA 5& E 4 A WA S &*‘E 7 o] ti{Reimann and Breckle 1988, Breckle 1990). &
TH(Szaboles 1989). 76 tat A& Ade Ao E 4R2EEH
g FANA AEL IA 3717 e AEYAE Wit (proline, sugars, sugar alcohols, betaines §)¢] £4& & 4 vk
AR, TAY G AT ZHEo] AEA Y i oSS e olger $4L FEAOR $A pHAN HatE HA A= HF
NA FE REHAE 23 EA, 54 o) 540 IF o] A%, "35}5}791 Bho-o A& 3R] kol AHFRA Ze dd
=9 Na', €17, Mg", SO~ 59 o] 2525 op7j€ £ itk o] it} A thFst A8 EFo) tlsjM B4 AEH 2o W3
AA, o]E o9 52 T A3 Ax o] &9 EF¥ol = o FAHE 225 E 4o Fs A7 ol Jd F
Ak o 2A AT Na'ol 98] K9 T4 2 2a)7} A3y o 9l thHuetterer and Albert 1993, Hanson ef al. 1995).
AL 7359 7= NO; U PO, ™ o] 29 T4 2 o]84S 1 o} 2= 34 Chenopodiaceae) ] 21 8-& AltAt 2 F49] €%
A st Aol BXEo] irHBemnstein 1975). & us e T EA, GAA 2 2x2AY T
Aol et A& 38“&22& AA @ uAgER 4 &3 02 Bty 7+ A WAE /A, Al ZH B AlE
o2 vE 7 Ak G WAL BAF AEAM FE & T Ae Astre dbd oz AAA /X7 e oM E 2
Ae AHYE 2o\ (Ao 2 o A 4§ AAste Aol ojth. HolEw A% & B 3t A 5H L 7] o2
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(53] ¥7¥ Fo)&3 C7, NO;™ 2 S0~ B)ofl it =2 A
e, AR WS 22 F84 FETE, 2 K/, 1
F,]_L glycinebetaine ¥2] Z7} Fol dutdo g dejA Sl
(Breckle 1990, Choo 1995). ©| & Bols3 &9 ¢ 3744 ol
3 A b ‘§Eé B S AAFANA; dtriplex,
Halimione, Salsola), 58 d& 3Asle th&3H4l; Suaeda,
Salicornia), M ZA4 “Eié% Q1 glycinebetaine?] 2 3(ef;
Spinach, Beta)d 7r2- 712Eo] HIE T Ut Wyn Jones and
Storey 1981, Reiman and Breckle 1988).
24 et # dEAd g FolF
, v“}q9} Az Lol tiated d B3N 77
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(Salicornia  herbaceacea)$t NA2 AWET 9r Zdl(Beta
vulgaris var. cicle)Z A¥ 5t AWz EEnE 77 2
AZHAT A 24 4D ASAAN AYsel TAS
FRAAL Fhe FTEANAN A4S FAA

Mg T4 ¥ A

HE FAE #9T 717 Ao 247 1% HeChz 2%
ZbEd A F,25C 7oA dotAA R E A Ex
g ZE(HZ 12cmXx 0] 9em)ol ©]4)3teo] 15U 7 Hoagland
AR ] ASA F, £719 Holrt o 5em A FI 3 )
A& M3l 7 Hoagland 4 s/} 1/5, V10e 2 slA g
Hjakel A2 ol ztHzt 0, 50, 100, 200, 400 mM NaCl & ¢ =%
£ oY Hsigon, 29 2 100 mM NaCl He39 &
AAE 44 LA BE HYEINEOE 53T A
+ Unistat 1.28 o]-&3t% o}

g A EA 9
3 AZAA ﬁ stk
ZA)Z) & E247)(UDY cyclone sample mill)i gz g
F Z2g2 5 mloﬂ 15 05 g& ¥ 100C Fe7)o) 147+
o £ 25 mlE 253, 437)(GF/C, 12 ym)

NE FZ9 B7) 201 &(C17, NO; ™, SO.27)2 IC(Ion Chro-
matography; Column, Sykam LCA Al4; Eluat, 7.5 mM Na,COs;
Flow rate, 1.5 ml/min)2 3 %8} 1, 27] %o &(Na", K', Mg,

sy FFARNA 25D A3 E

of)

Ca’")2 ICP (Inductively Coupled Plasma; Jobinyvon 38 Plus)E 3
% ST AFEEES 23 AEEAG0 S WE 23
Hol YgjE o]&3 Osmometer (Micro-Osmometer 3MO,
Advanced Instruments) 2 &34t A7) AR EE F& A E(
m)E 2% 275 3 mE FA3le] A71ATEA (Check mate
90; Mettler-Toledo)2 245t t}. GlycinebetaineZ} proline] ¥
te 2% AR 7S mE ZRF 8 mE 34sk] o2 T
7} %, speedvac 2 AZAYL Iml9 DO} 59A NMR
Spectrometer (Unity Plus 300NMR Spectrometer, Varian Co.)E 3
ekt

AEA 2 A2 FFL microKjeldahP o2 BA A
Bu A 50 mgS Kjeldahl-flaskel 27 £a ZvfA|(KS0s:
CuSO;, = 9:1 wiw)2} 3H2HH,S04) 1 mlE 3 7}sled 500~600°C o)
*1 3/\]7L o} B33 3, 25(40% NaOH)3te] 2 st ¢

< 002 N ik F5AA, 45302 AFspqch

4
Jord 0 A FE Azlol U3 3% A8 Lol ABF Wil
%) ool S SRAA Bl 2B

_]?_
4 FEE 400 mM7HA] Eof whet 2ol Hls)
25 Bt ol Hg), gEuite ¥/ d¥d 4%

Nutrient strength
1/5 : 1/10

0g o W

Biomass of leaf (g dry weight/plant)
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Salt treatment {mM NaCl X10)

05 10 20 40

Fig. 1. Effects of mineral nutritions and salts gradients on leaf dry
weight of three species of Chenopodiaceac (A, Suaeda japonica; B,
Salicornia herbacea; C, Beta vulgaris). N.S. (Nutrient strength) : 1/1,
Hoagland complete solution; 1/5, 1/5 diluted solution; 1/10, 1/10
diluted solution. Narrow bars on histograms mean standard error.
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51
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NaCl Agj-poll A o2 rol vla) zhzh 3u) 9} 64} o] 271519
t} A Al A& 7MY F2 ¥ o] FES Ho EEunjr)
B AUz BINE 9 0 ZAU5E Pole Sl

L Tl F7HtA T, SAulA 2] 400 mM NaCl 279 Na'
SHCI7 9l ghapo] chzpol wls) k7t 3wl 4v) o) 271y
o US 21710 34 s o ML u)<8t ofo] & 2 So) 2 dhak
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Fig. 2. Effects of mineral nutritions and salts gradients on the ionic
concentrations in leaves of three species of Chenopodiaceae (A, Suaeda
japonica; B, Salicornia herbacea; C, Beta vulgaris). N.S. (Nutrient
strength) : 1/1, Hoagland complete solution; 175, 1/5 diluted solution;
1/10, 1/10 diluted solution.
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2 UYS Hgom, G 3 507
ik, 2 v 3ol 3 Goleel 5 2 9%
A Tt S7be wpel o] ghko] Z7bell T,

5 34 4% viA oA Na'9} O S 400 mM NaCl 2] ¢
ol A thztol] B3 11w) 9} 158) S7betE T L ghel ol e 5 e
QAT AL BHO, B3 K HeE duA2) 400 mM
NaCl Az)Fo A 2ol vl) Sufu} 7hashsic

271 93% 9 9 55 Aelo] G2 KNa v B9, 2z
71O S A G2 ALRAN 2kl ¥l Na's

AAA VI0A L] ¥ K/Na v & i"i\:} T
EHZMW AT el KN {17k 3701

2k 0
g
&

~0.8% 3 200 mM NaCl o]4e] Halto| = 79 dAst
e Bk g2l F7) A o] wet vy v
K/Na H)(0.15~0.40)% EQ9E 557 200 mM NaCl 22
ol 4 0.09~0.060% TrA3Hch AHEE ZTFoA 27 o
% el wet 0.3~1.0 ¢ K/Na 3t& Bojtht & 5571 57}
Sto) wl 7hAske] 400 mM NaCl A2 o A% 0.05~0.09%

Nutrient strength
41a M 1 1/5 J 1/10

Total nitrogen content {mM / g dry weight)

05102040 0 5 10 20 40
Salt treatment (mM NaClx10)

0 51020 40

Fig. 3. Effects of mineral nutritions and salts gradients on the total
nitrogen contents in leaves of three species of Chenopodiaceae (A,
Suaeda japonica; B, Salicornia herbacea; C, Beta vulgaris). N.S.
(Nutrient strength) : 1/1, Hoagland complete solution; 1/5, 1/5 diluted
solution; 1/10, 1/10 diluted solution. Narrow bars on histograms mean
standard error.
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Fig. 4. Effects of mineral nutritions and salts gradients on the conduc-
tivity and osmolality in leaf extracts of three species of Chenopodiaceae
(A, Suaeda japonica; B, Salicornia herbacea; C, Beta vulgaris). N.S.
(Nutrient strength) : 1/1, Hoagland complete solution; 1/5, 1/5 diluted
solution; 1/10, 1/10 diluted solution. Narrow bars on histograms mean

standard error.
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Fig. 33} Zro] 5% Sz oA 3 mM/g dry weight 359 =
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T 22 L ZAAT, s S8 A 94 200 mM NaCl
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ko] F7tstgit
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© Fig. 49} 7o) 4§ FE7t S715l wel Solsle S-S B
Ark

AUZE Q2N A7) AR} AR EEE7) 2424 0.77
~0.79 meq/g plant watero} 0.61~0.64 mosm/g plant water% ©.™,
400 mM g Azt = 22 1.16~1.43 meg/g plant waters}
1.15~1.24 mosm/g plant water2 37}3}5th 1710 7] Ak 3
AuA9) 400 mM A FANE B7] AEES HEBEEI}
EF dz7 vlg 202 Fokstgoh S5rits A
¥ 400 mM Mg T A A7) AEEY HEREEI} Y27
of wal 28 ol Frtetgth 2ule A7) AREI SR
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Fig. 5. Effects of mineral nutrition and salts gradients on the
glycinebetaine contents in leaves of three species of Chenopodiceae (A,
Suaeda japonica; B, Salicornia herbacea; C, Beta vulgaris). N.S.
(Nutrient strength) : 1/1, Hoagland complete solution; 1/5, 1/5 diluted
solution; 1/10, 1/10 diluted solution.
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£ ¢] glycinebetaine §F<] W3l Fig. 59 7o) F3¢
o 2o x ARZ, F5vd 2 27t 7424 0.5, 1.0 % 02
#M/g plant water F+FE01RQ 2, A% Felek FA 2 ol w
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plant water2 F73] Z7184tH71 100 mM o} 18 5L olA
= thA] 0.5 pM/g plant water+F 22 7443 )

Ut AR 1584 MAgAE 4 557 71
gl W} 0.6 uM/g plant water 0| 312 ZHAstE ATS KO
w, 1/10 34 wjA12] 100 mM NaCl &) Fo) A 1.4 xM/g plant
water 7FA] 7184071 200 mM o)A 2950l A 0.5 Mg
plant water ©]3}2 743tk 2ule ¢A 99 50 mM
4 A Fol A 1.2 uM/g plant waterZ Z 731G tH71 200 mM ©]
A 195 oA 0.6 uM/g plant water +F 02 ZASAL, 1/5
34 wjA o) ME 0.6 xM/g plant water 0|3}9] FFAA HEE
of wel 2 W3yl glgew, 1710 34 vl = 21HF L
A Z7}3} 400 mM NaCl 4 2]-F4) A4 1.1 zM/g plant water& &
Ak

AEA 9 proline TF¢| W3tE Fig. 69142 2ol FA g+
o| A 0.1 uM/g plant water ©]3}2] Aol T, AHZAAE 1/5
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Fig. 6. Effects of mineral nutritions and salts gradients on the proline
contents in leaves of three species of Chenopodiceac (A: Suaeda
japonica, B: Salicornia herbacea, C: Beta vulgaris). N.S. (Nutrient
strength) : 1/1, Hoagland complete solution; 1/5, 1/5 diluted solution;
1/10, 1/10 diluted solution.
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and Karadge 1990).
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Adaptations and Physiological Characteristics of Three Chenopodiaceae
Species under Saline Environments
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ABSTRACT : Three species of Chenopodiaceae, i.e. Suaeda japonica, Salicomia herbacea, Beta vulgaris var.
cicla, were investigated to compare the physiological characteristics through ionic balances and osmoregulations
under different environmental salt gradients. Plants were harvested in two weeks from treatments with sait
gradients (0, 50, 100, 200 and 400 mM NaCl) and mineral nutrition gradients (1/1, 1/5, 1/10 dilutions of
Hoagland solution). Plants were analyzed for growth responses, ionic balances, osmolalities, conductivities,
glycinebetaine and proline contents quantitatively. Three plants of Chenopodiaceae accumulated salts into
tissues unlke some salt sensitive species, and showed unique adaptation patterns to overcome saline
environments, ie. strong growth stimulation for Saficomia herbacea, growth negative tolerance for Suaeda
Jjaponica, and growth positive tolerance for Beta vulgaris var. cicla. The absorption of inorganic Ca” ions was
inhibited remarkably due to the excess uptake of Na” with increasing salinity. The K content in plants was
significantly reduced with increasing salinity. Total nitrogen content was reduced as mineral nutritions and safinity
increases. Conductivity and osmolality increased with increasing salinity regardless of mineral nutritions. The
ranges of glycinebetaine and proline contents were 0.2~2.5 xM/g plant water and 0.1~0.6 xM/g plant water,
respectively.

Key words : Beta vulganis var. cicla, Glycinebetaine, lonic pattemns, Proline, Salicomia herbacea, Salinity, Suaeda
Jjaponica




