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REEKELEOTHEEICAT MR
L VAR CEENERIC BT 2 EEO#E

H R Ere-fkxKBA-h HE —
(RAKFRFE)
1994 4£9 A 19 HRHE

E B BECBOT, NEOLTESESRLS L3 Tw 5 ARAE, 6 551 NaCl ME 2L, $hid
MOHNEREE (RGR) DETEERILE L. RGR OET/NE o - RBETHEEOE VA58, RGR
DETHREL->-REEHEEOEGEEE L., RGR *E@KEL (LAR) L #REE (NAR) Li24
B, F21CHT % NaCl LBOEELHH~: & 25, NaCl B2 & 3 LAR OE FTRE I IZTEEOE L,
REEBOREEOMICKRELZER S, o7, L L, NAR DETEEC IHAEHEICKEWENAD S
, MHEEOECRET, BTERENSKE -7, 22T, NaCl LB % U 7Yk O BTSN D La ik
HE(LPS) #H& L 2%, NAROHEAE LA, ZoETEEIREMOR-HRETKE WEAEZTRL
T2, ZOZES, A 2ADEMEERE N TS NaCl OFEIF, FICLPSEZBLTRI-TwarEz
Nz, 512, LPS KB 0 2 MHEMOMEL M2 -0, THESOEVWRELELRES & 1 BT OB,
NaCl L8 % U7 HEVIMEADO R E 2 8 1) % REEEREE, Rubisco DEBBIUEZOBERT V¥ r VOIK
TERERHNL, MEEOBORETIE, BULSEEICEE~N, RIX Na 49 Rubisco DEEBOERTEREIZ/NS
{, NaiZ & % Rubisco B DBENNES WI LBTRBE N, 72, THEMOSWLRETIE, NaCl s
DEZFOBERT > v VOBTHED BEAR, BEFHMEHVB->TnE EEZL SN,

F—T7—F A2, BF VUL, KEK, BERE, HEME, KERZE, vexa,

Studies on the Salt Tolerance in Korean Rice Cultivars I. Mechanism of salt tolerance in dry matter
production and leaf photosynthesis : Dong-Ha CHO**, Haruto SASAKI and Ryuichi ISHII (Faculty of Agriculture,
University of Tokyo, Tokyo 713, Japan)

Abstract : Reduction of relative growth rate (RGR) due to the NaCl treatment was examined in the seedlings
of six Korean rice cultivars which had been reported to be different in salt tolerance on the level of grain yield.
On the level of RGR, three of the cultivars were identified as salt tolerant, and the remaining three were identified
as the sensitive cultivars. Further analysis of RGR indicated that the reduction of RGR by NaCl treatment was
attributed in large part to the reduction of the net assimilation rate (NAR) rather than to that of the leaf area
ratio (LAR). Leaf photosynthesis which is closely related with NAR, was also reduced by NaCl treatment in salt
sensitive cultivars to a greater extent than tolerant cultivars. Ribulose-1, 5-bisphosphate carboxylase/oxygenase
(Rubisco) content was determined in a tolerant cultivar, Han-Kang-Chal, and a sensitive one, Dong-Hae.
Han-Kang-Chal showed a smaller decrease of Rubisco content per absorbed Na in the NaCl-treated leaves. This
indicates that degradation of Rubisco by absorbed Na is slower in tolerant cultivars than in sensitive cultivars.
Moreover, Han-Kang-Chal showed a larger decrease in osmotic potential in the NaCl treated leaves, suggesting
that osmotic adjustment was developed under salt stress conditions in a tolerant cultivar.

Key words : Cultivar difference, NaCl treatment, Oryza sativa L., Osmotic adjustment, Photosynthesis, Rice,
Rubisco, Salt tolerance.

E LR GEBRETIE, #ETHL TRt ALK
L&D ETEBNMAERBICEATHS, ZDk
», MEMARGREOERVEERE L2V 20H
%, A &, NaCl iz i3 2 iHEEBN B TEYIO—>
ThH2HW, L L, EVMEEEED L TA 2 OftESE
PRELIERY?S, HENEORHENE 27~ 7 mE
bdHDIENbho TS, NaCl # 50 mM &

* KEIIE 195 [E#EES (1993 £ 4 A) o8B THESE,
EHMREO—PILHERIEHFTEFHHE No.
04404007) 2 & -7z,

» OETE IR AKERBRELRE, BEEIT.

MU ABRTA A 2RKEET 2 L, —#ic, £RH
BRiErMbIa8FCET T2t vbaATw
5 A4 A IBITAMEEOEEE, 2oLk
NaCl % L 2 3BE& 0 A REEDKRTEE, 5
WITREHZINBEOETEREXFARTIEEINL S
BB LI U, 23 LTaESI N RES
> T, WENHOEBEEE L FEMICIIEL -8
HrEELnwv, iz, XEROED S Ot EMEE
BICBE 3 293D T4 7% v, Downton 59 i3,
BAPMVRWCED 7T R ONEREEE TS,
S[ILEBIZHEE (gs) L ERLEBZEE (gm) O
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ESHHEN, HA ML AL 2HEREEETOE
ZERIZ gm OETIZH 2 & L. Boyer 52 b,
NaCl&HMmo b £ TEBF &L 75 iE, HREREE
BETT 2 rrbod, HBEEIZETLZL
TEERBEL, LEREEOETIIKIEEORY
kB &0, ERBEBNOXEKREIGREDEHEE
Tickd L A 20BEICH, THEENE VR
&3, NaCl LEiZ X 2 KFLIBEHOBIMI /N & v
rENTWEY, O NaZERBEL R2 L7
07 4 VBENETL, XEREBELETTZ 2L
DERD STV 529030 X 5o EEE D NaCl 4L
B L 2 EYOEBIERT I, REEREELERA
# > (specific ion) 1T & % B EFEREE LD N,
BWEDETZY, BENOKRESE %252 LM
RLTL B EEb T 534811152020

WX T, BET, NEOHE? SRS G
ranf-REIREE, BV SR 3 REE,
NaCl {LE T TORYEDEIEE O E» &> B E
L, MEHMTEEREEY &L, 51,
HERORBEEEZTHZ ) 7o —2-1,5-2Y
CEANRFYF—¥ /4 F> 5+ —+ (Rubisco)
DERYL, BEHOBERT > v VIZDWT b HEK

L, 12 CBILMEEOKELH>HMIZL LS &
L7z,

WHEHE

EERZ X, 1989 FEE YIRS R T,
INED Vv S & & FE & fL7z Han-
Kang-Chal (88T Chal), Seo-Hae (7&¥8), Nam-
Pung (&) O 3 &, K\ & [EE & #1172 Dong-
Hae (3E#8), Iri-380 (##E-380), Hwa-Seoung ({
) o3&, Z L T&EHE L L T Nipponbare
(AARE) & IRS R L 72 (35 1%). FEBIZ, 1990
FO(ERD £ 1992F (ERID 02 EMicbizy
Tont:, EB 1 3ERBITEC LY, EMEERE
DE» S MHEEEBSET 270 Tbhi: bDT
Ho, EBIZ, EMEEERECBTHEHSES L
TeMBEMOR L 2 BB OWT, REREE L 720D
RIEER L L, THEEOBEE2MS 5 L LT
bihizdbDTH 3,

EBRI:1990FE8 A 1HIC, +EEODITF R
Fv 7Ry PCHFETEBEL, EREAEREN
D34 A b u v BRMNE B/, 30/25°C; FETE
B, 70%) NTEB S, BE27 BROE 7 %

Table 1. Relative growth rate (RGR), leaf area ratio (LAR) and net assimila-
tion rate (NAR) of rice cultivars.
Cultivar NaCl RGR LAR NAR
treatment (% day™") (cm=2 g™ (gm-2 day™?)
Han-Kang-Chal 0mM 443 136 3.22
75mM 2.66 (60) 124 (91) 2.12 (66)
Hwa-Seoung 0mM 4.20 111 3.76
75mM 2.29 (55) 106 (95) 2.51 (67)
Seo-Hae 0mM 3.84 123 3.17
75mM 1.47 (38) 113 (92) 1.43 (45)
Dong-Hae 0mM 7.39 104 7.00
75mM 1.21 (16) 115 (111) 1.80 (26)
Nam-Pung 0mM 5.76 140 4.13
75mM 0.73 (13) 137 (98) 0.77 (19)
Iri-380 0mM 7.20 124 5.84
75mM 0.79 (11) 121 (98) 0.84 (14)
Nipponbare 0mM 5.99 113 5.31
75mM 3.54 (59) 105 (93) 3.53 (66)
IR 8 0mM 6.49 135 4.81
75mM 1.10 (A7) 123 (91) 1.00 (21)
Mean 0mM 5.67 123 4.66
75mM 1.72 (30) 118 (96) 1.75 (38)

The plants were grown in 75mM NaCl solution for 14 days.
Figures in the parentheses are percentage ratio to the control.
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B, &0 12 BE 20, BEVLRN LD,
+oEBL RSB ER-> ok, 2 HEMAR T
EHL7 20%, ANKBEE2ANLZ 191 D7 R
Fo VEWRCBEL, KRR, KHSERES
%1 HHc, B&®%HC NaCl #45nL, 25, 50, 75
mM O 3 BFED NaCl LB X % 3% 17 72, KR D
WTIE,pH #5503 AL, 4B L WCEHL
7z. NaCl JUEBHA H » ALERALGER 14 BE W, MY
&% Z ALK 3 EA T DRI, 821888 T 70°C,3 B
MECRE ¥ ok, EVMELRRE L. EMEDT —
y YA D 14 HE DO HEMNEEE (Relative
growth rate, RGR), #iE{t3* (Net assimilation
rate, NAR), ¥EMMELL (Leaf arearatio, LAR) %
Kbz,

KERI1:19924F 5 H 19 H, #E 8 AEOEF %,
TEEODIKy MICBEL, HEAFBRFERO N
A4 F rorERNEET2 HEEF S 2 B2V
Liwnksd, +9FEL TR %-0%, KNK B
Wai L7z 1/5000a 7 7 F— Ky MICBHEL, B
HNTKRBHEERIT- 2. & 8 ERHBBIHICEN»
S NIHEWEEREICK L, SLHEE, 900-1000
wEm~2s!; B/REHA, 12/12 B5R ; B/&RI8, 30/25°C;
FSHEE 0% DRETEB S /2, B 8 EVXRHT
TULB1250mM @ NaCl ALE % BHER L 72,

H ARHRE ORIE X, NaCl LERTH, LE% 1
HE, 7THEHB XU 14 HEIZ, 74 REEIRETHRETL 72
A O X, R 10 B S 2 B8 g TOMICE
ML 7o, AERTH R OALEER 1 HE ORE W,
NaCl {LEEBRtERFIC B Z5E T L T e B 8 AT
Bl 720, E%7HE, WHEIKRFEIE
BT TCCBEERT LT OEIEEERAL
7o, BURE I LS A RE I E 28 (LCA-3,
ADC#) 2B L7z, AN NNFTA RN T T
(DR400, ) 4 fEi & 0 ZFEHEEE S 1500 uEm~?
STERDZ I DHTHH 12, W AXEEEORIEIZE
R 3O EfTo .,

Rubisco ZBDHEIE X, TMHEHES—BEL TE»-
72 Han-Kang-Chal &, T % 23 E (B 5 - 72
Dong-Hae ® 2 5812 D\ T1T- 72, NaCl LE#%
HHBCHREME GBEIE) %, FATBWEEDOH
B LR ERD, T4 =77 1) —%— (—80
'C) BTHEEEL. BEETFLEROfR
WMoy %x1.5-2.5cm*BEYIDH L, MEL &, 10
mM MgCl, 0.2mM I F L > Y7 3 > 4BEER
(EDTA-2Na) #%&t50mM Tris-HCl E&EE

(pH 7.9, 200C) 3ml & & bz, KA TASFCE
L7, 20K, YEORIE=LEDY N R
Eb RNz 72, I % 0°C, 15,000 rpm T 20 43
LU, B L s L 2%, B % Rubisco
DOERIZAz, Rubisco D E & iZ Rubisco DL
BEAY, RETEEEY X 0Tz, YU,
Paulsen and Lane?® £ X Uf Makino &'® @ /52
Lo TA ADFED» SHh - FRLL 72 Rubisco % 7 4
FICESL, MBS OAEICE DB, BIEEZV
Thi IREIT- 7.

BEHORERT > ¥ v VOEIEIZ, Rubisco DE
& + [A#%i2 Han-Kang-Chal ¥ Dong-Hae o 2 (4%
o & NaCluBata#%: 1 H, 7H, WHHEIT-
fo. WARBHEELHE Lk, EFE2) -7/
FTIHIRE, B2 = = 7BV BTORL, 8 ul
DHE L ->TH A 7ax—%— (HR-33T, Wes-
corft) THIES 3RET>IT- 7.

#5500 Nag 8o ¥ E X, Han-Kang-Chal &
Dong-Hae 2D %, 4l % 14 HBIC /A ARXBRE »
BIELEIEEGPLZRLIER, EWETIHg
Pagg i Y RICHRD, B~y 7V E2RWT550°C
TKALL 7z, AN @ HCl %200Z, 100 m/ iZERFE L
7ok, RHENEETEREL .

& R

1. EMEEREICH T3 RfEME

NaCl LB L 2 &WEERE OEERE *» L fE
BT T 2 7212, NaCl LB R O LB E R
Y4 BHOM M ELREL, HYERE
(RGR) &Ko7z, ZDOFER, 2EOMBOTHT,
25mM Tl 3.80%/day, 50 mM Tl 3.49%/day,
75 mM Tix 1.72%/day &, NaCl DALEBE» &
BB ONTRGROEEREIAX S L->Tw
7z2. NaCl 4L iz x4 5 RGR DOFEERRE O SMEIC &
53w, 25, 50, 75 mM OFABEXIZBWTIEIZ
BUEAEZRLZZOT, F1R75mM XOFKER
7L 72, RGR #HBX (0 mM X) 12X 2 &40
HROLTHET 2 L, WEDO VNV TRHEMLE
W& XN TV 5 Han-Kang-Chal, Seo-Hae |3 %88
izt L T&X60%, 38% &\ 5 tHMAIC BVE %
RL, YHEVOENEEREDOL VB VLTHE
Wi 7R3 2 L 3SR &z, Lo, Nam-
Pung 3BV XNV TRITEELSSVE IR TV
Wb 5T, RYEERE L CHEVIRE
MERLT. 7, INELV L TREESEL & X
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ML & <, BEOMHEMER O ME L IZIZECRE

BOMEELRLZ, &
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AT —E X, YEYMOREYAEREIC ST HIEE

L%, Han-Kang-

LTI

Chal, Hwa-Seoung, Seo-Hae 0 3 4 = TE M D

BWiifiE, Dong-Hae, Nam-Pung, Iri-380 @ 3 &

Xt L THY
Ex RO &V B &S

55% & WO BUWEEE R MR L, RMEEREOD L
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(LAR) OTHEMOEWIZ L 30 H», MRFELE
(NAR) OFHEBDOEBVIC L 200 2R L7 (B 1
#)., NaClL# iz X 2 RGRDO B i3, LAR &
NAR OWEOREA WAL Twiz, UL, ik
DEWLHER LB RERE - O, LAR £ NAR
RHBLTAD E,LARODZEL D NARDEMIZS
PICRE L, MREEOELREFHICBIT % RGR D
KEZETIWCIE, NARDOKE ZETHMREL Tw
72, T s, CYEECE T AMEEDME
M, Ebodbnd LHiEEER (NAR) BT
HMBEMEO REMECKRECERL TWwWE LEZ S
hi:, BEHEE L TOHEARES L' IR8 i3 RGR,
LAR, NAR DWW FRiZB W T b, &L, THEMHEOE
Wik, B X OEVLSEBCHICL A ERERL T
7z.

2. BURERY Y OXEGHEREICH TS RN

=

NAR %, BEEREYD OXEHREE (LPS) &
FELBERSDH 5, £ 2T, NaCl JUHIC & 2 Bf73E
HEEY D ASHEE (LPS) OETREE % KT
e L7, B2&Fc NaCl L% 1 HH, 7THH, 14
HH® LPS ORIERRERL 72, WB%R1HET,
T I LPS 3efEFEYTHBRXO 73%12 % TE
TL T, EFRI THEEI GV & AN BEE
&n#& Han-Kang-Chal, Hwa-Seoung, Seo-Hae & 3
nfElE, SRXO 76-80% & WOEEZRLERED
EEEL D b KREL ST, —F, THEEIEHNE &
17z Dong-Hae, Nam-Pung, Iri-380 @ LPS i3,
Nam-Pung 2R i7 I IMEELS S AL 3 HEL D
BREWETERL, ZhoDFEEZILPSOLETY
HEERENZ L2 RE N, S5 7THHEH, 14 H
HDO LPSZDoWT §IZIZAEEOER RS o h iz
GE2RZBW)., 22T, FEIHHO T —FIizo &
NaCl L&z & 3 LPS D{ET %, CO, [FLILEEH

[ (gs) & CO, ERILBIEZHEE (gm) OHEH» &t
L7z, 20FR, E1HHDT—sizo %, NaCl 4L
Bzl b gs &gmDIETE,FINEIHLHDD%L
DFEETIZIZRICEBCERN TS Z L2 57,
LU, LPS OBFEERE LU T gm OF3EEL
FBODT, RICgMIZDWLTRMNTZZ EE LT,

3. REETMERICHITILEME

NaCl itz £ 2 LPSIETOEK %2 gm O E»
ST 37002, FamXFOEBRTIHESEN—8
L TE» -7 Han-Kang-Chal &, —E L T{E» >
7z Dong-Hae 12> &, NaCl #l#Z £ % Rubisco &
BDIET (4Rbc) #%FAJ, WHEMEE VW Han-
Kang-Chal @ Rubisco @ 1& T 1%, i M 23 & v
Dong-Hae 2t T/h& <, LPS D& F (ULPS) @
& —% L Twi (B3HE).

& 5 IZ Han-Kang-Chal & Dong-Hae 12 D %,
NaCl Lz & 72 5 EH Na DS (4Na) i
*$3 % Rubisco D{E T (4dRbe/4dNa) #HEL T &
72, 2D ARbe/dNa DEMEVLEEIF L, BIR&Eh
72 Na O BB 123 % Rubisco & B3 & H3fH &
SN T35, Rubisco SMERENEESN T3S
TEEREKRL, MEESMECZ L E2E®RT S, HE
DfER, Han-Kang-Chal Tix—303, Dong-Hae T
13—497 LD, Na B OMINZ X %, Rubisco &
BOETREES S B T3 Han-Kang-Chal Ot 4
BEOI EBbhol (B3IF).

4. REBIWEENICE T REME

NaCl i# iz L 2 K EREEDOE T 2527
FRE LT, &5, EOKRENETONS,
%22T, NaCl ¥ % U 7 EORERIEE T 2 FH~
L1280, BOBERT VY vy VERAXRS (B4,
Z OFER, MiEM 25 & v Han-Kang-Chal T i3,
NaCl4L#E 1 HZiC, ¥ CRXBROEMEL D b
18%BERT > ¥ v+ VHMETL Tz, L L—F,

Table 3. Decrease of leaf photosynthesis (ALPS) and Rubisco content (ARbc) with increase of
Na content (ANa) caused by the NaCl treatment in Han-Kang Chal and Dong-Hae.

Cultivar ANa ALPS ARbe ALPS/ANa ARbc/ANa

(mg dm=2) (mgCO,dm~*h™!) (mg dm™2)
Han-Kang-Chal 0.037 —84 —11.2 -227 —303
Dong-Hae 0.030 —14.6 —14.9 —487 —497

ANa=(Na in the NaCl treated leaves) — (Na in the control leaves)

ALPS = (LPS in the NaCl treated leaves) — (LPS in the control leaves)

ARbc= (Rbc in the NaCl treated leaves) — (Rbc in the control leaves)

Determinations of Na and Ribosco contents, and LPS were made 14 days after initiation of NaCl

treatment.
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Table 4.

Time course change of osmotic potential in the leaves of the cultivars of Han-Kang
-Chal and Dong-Hae grown in 50 mM NaCl.

) NaCl Osmotic potential (MPa)
Cultivar
treatment 1 dayV 7 days 14 days
Han-Kang-Chal 0 mM —0.89+0.01 —0.92%0.04 —0.99£0.09
50 mM —1.05+0.06 (118) —1.30+0.16 (141) —1.38+0.03 (139)
Dong-Hae 0 mM —1.03+0.05 —-1.05£0.08 —0.98£0.03
50 mM —1.08£0.11 (105) -1.2240.12 (116) —1.174+0.05 (119)

1) Days after initiation of NaCl treatment.

Figures in the parentheses are percentage ratio to the control (0 mM NaCl).

& D& Dong-Hae Tid 5%DIETIC & £ £ -
Tz, ZOEZUBEEHHOLB L & bk,
14 H H ¢ 12 Han-Kang-Chal T 39% % & F L,
Dong-Hae T 19%DIETIWZ & & »TWwiz, ZD
ZriE, NaCllhE# OB #£8 & L b 12 Han-
Kang-Chal D A28 L D KE R BEFHEH 217> T
5Z %L THD, Han-Kang-Chal 23, LPS i ¥
WTHLEEEZRTERO—DI1I, EDREFRE
BENDOBRFNE Z s i,

e 3

fEde, BEETIIAREOMEEICBEY 2 B0 E
i3, FTPEOVILTITTbRTE, L L—A,
% DIEY T, MEEOSERZEORE I IO
EYAERECERL TITbiIt T 410 VgD
ETomEN L EMEERED EToOfERE & 13—
HT2HELHNIT, "B a0 E b H 282, K
WX TR E T, ENERE (RGR) 122w T ATERM
THEBRL TAHIE IS, NEICB W TREEEE
Y AN REREARE 3 O S B, 2 ffED RGR O
VUL T b RS B - 72, BICULE Y~V T
BEEPENE SN REIRED O B, 2Ry
RGR O Vv~V THIMEEIME» -7, 2D X 5,
AR B W T HINEIC BT 2 MM L Y4
BB AMEE L, TECIE—HL Tukdr o
7z, ZOEBELT, NECHYLMEEIE, > >
BT ATHEE L AR T RTOAEBRE DM
UNKBRENZHDTHY, —F, EYEERELIC
B AMERIE, FioY —-AROXEGHBERICB Y
AR ICERT 2 D TH-H T, WEICB T 5
HEO—EEHBAT 21T E0ndrEZ SN
%,

EE O OREILBEIZ R, NRICB T e
HOELHETZ L TH DD, FRLITBWT

W, FTEMEEEEICBI) AMEELTENS 2 &
WL, HAEE®R (RGR) »EHEMEL (LAR) L4
L (NAR) L1230 TRET L 72, # DR, LAR
ISR ERE TR ERENRR ORI L, 77,
NaCl #L# iz X 5 RGR OfE iz, LARDET LD
LA NARDETICKESERL T3 Z & A3
Spkiotz, 2D &L, NaClizxd %5 RGR @
ML, EEEL D OXEGHEE (LPS) Ot s
ECBRL T3 2 ERREL T3, EEIC LPS
ZHEIE L7 2%, RGR Ot O FERZE &
LPS O MMM & pIZIZNIE L Tunie, 2512, 2
® LPS 25, NaCl /L 1 HEHICREEICETFTLT
WieZ Eme b¥HE X5, 4 ADOREHEE T,
END Na SBEOBMCBRICRILT 2, 2D &
FHEBOBFIRENT TITWE L THE DD, & 512,
FOBIECOWLWTHLELDHENLENT VS, #
ZAE, MRS BLE Uz Na M5B & - THEHE
a2, MO SHIBICH L TREEA L A %
Kigdizdeh, HHWE, Nadbh s —EULDE
oz b EHBENICEBAL TEEN KA - BEEL
FlEEIL, FRICX > TRILDOBA#EMSE Z % L v
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