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FENRE

RIKRESHKBEEZRE

2R &
R P § ¥

wm =

PEAEREENRSATTHENY  REECEMERRBRERER
o BikGEaG DIk > KRB EREENBLE RIS g » SN
BELIZER - TRV AREM L > AR S RMERNE o S kB
M P EERE S » RUF AU E S s A4 7 > DUB /K REEE R o Bk T R

BERFHER Bl - RANASHSE > MEWESREA@ER Na

EREFHRE > MEEEER > WINEERZ - ABELEHEERHE
FHRESDREUE  BEVMEIYRERNRT - EMPEIMELERE
> BERER - KSR MEM R REERA - YIS LS BB EIT]
BRANES | (FARETRHLUERER o (D)UY BERE - 2E Ak
B o (Z)MAHMEABEE - (W ERERETHE o ELHEA%RE
EEBEZERNER » W2 EEHNEERIE - HLBENEREHEFRE
BRE R o AETT LIRS F £ W0 > B 2K - 2 A7 H S B
BB EMEIRE R EE » BN ZZeRE RG] o SEERMERPGE » L
BT I8 BR B R AR A B R B - 1S R R e kRS o
BERF BE A R TR R 52 i B (R A KRR R - DURSR/K TR LS BERE ST o

BASRER - ZKTA ~ BRuk - BEEE - BBEETNAT ~ ERE KRS o

=

S BIE HpkBRXBREFYC— > REERE
BRIy oG - KRB REE - B
RERCEBRESNERET B B 8RS FEESHIES T ARE

Rt A O BISE 56 {8 > Hh#a 27 (&
IEKERABTIERE  HAOKRES
BRE » fEATC 2050 FLITR - ATHESE
AJREEE] 100 (& » AR A OB L
SRR > KL EE Mk EES
KA EIEREY B K PREL ©
HEEENKRERRES » FTEREHL
WEGHE  EREMEEEERERERLE
A o [EEH 1960 FERBEMNGEES -

UEEEE > RIEIEEER > HE
R =T ERE LK - BAIEMEZRIEL
EZRWERI TR R - MHRRmEE
PRERIZRM: - T H RS ~ [EHEN R
F > Al 8 KREFBRIREL > TR
BRI RS o K& » MRAEAHGE
BASEEE - AR 2B ERTEAY o
R EEHAR  RESRRH
T PEEALR R - MHEMA 52%F
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FRME > 19%EEEME . MEEHEE
ANEE > B IEWEENKRERARESR
F o KB EHRAGIN » FERMHF 1.46
EAEKEREER T » A —PEHE®
BRI  FrAEENRK RAERES
R EEN NS 2 — (Hanson ef al.,
1990) » [X] It %5 77 o3 7k T i 5~ R T B
71 BERERATRREEE  2EEEN
BRI o AXREHABEZERES
M THERKRFARETERE > WitH
WHATFE FB &3 F AE M Fr BT St AT /K BT B &
NEEME R °

%%W%Tﬁﬁ%&’ Bk ERR
BOELETRN  AREERTSEN
I » ALt > Bk RN HARERTD
BEEZETEmEFAMNE » AR
B AR By A BB 8 B T ©

(—) IKFEHHER K B R

KRG ZRFIEMEENEERT - 4
TEYRIRSEEHE £ > BUAZRIEWNE
IRE o —RRVETH A ER | (FTAE =
KTBHEE | CYEER -

KERFRERSNEY > &REM
BHERNZR  MAZIBENZE

& ﬁﬂ(&ﬁﬁ%?}(i’é&" SRR E FEARDER ~ BE ~ TBA5HE ~ TR
T ABHFAETH - R—ESHEHTH
£ H R Y Eiﬁ%qj’ MR Y ERERERARK THEKE » AERT

EEEREMEERER - BYSNEEE
EZHMERT  BERUERETSE -
Mz 2R T B2 E RN » AR

B2HIBEFS (upland rice, strong) ~ BN 2
HIBEFRS (upland rice, weak) ~ 7K ¥8 R F[1
BT > 4B EE B KR

Table 1. Varietal differences in water requirement per total dry matter production and per
grain yield, and effects of water stresses on the water requirement

Water requirement per total day matter Water requirement per grain yield (g g™')

production (g g)

Cultivar
pF Average pF Average
1.0 1.4 1.8  Cultiva Group 1.0 1.4 1.8  Cultiva Group
Uvland Urasan 1 384 356 345  362a 1,261 1,178 1,079 1,173a
r': Sensho 476 361 410 416a 402 1,347 937 1,288 1,191a 1253
ice a
(st ) Kuni Ichi 509 435 402  449a 1,333 1,160 1,360 1,284a
ron
& Hidenshirazu 379 389 383 384a 869 952 2,272 1,364a
Upland Tokyo Shina Mochi 422 418 365 402a 1,335 1,234 1,672 1,414a
n
.p Akayakan 449 358 352 386a 1,751 1,697 985 1,478a
rice ; 439a 1,604ab
(Week) Norin 12 651 401 381 478a 2,102 1,147 1,745 1,665ab
e
¢ Norin 21 613 528 335 492a 2,196 1,774 1,608 1,859ab
Reimei 359 377 412  383a 806 955 1,104 955a
Paddy Toyominori 403 373 409  395a 4122 1,334 1,278 1,616 1,409 1.812ab
,812a
rice Nipponbare 494 383 394  424a 1,673 1,597 1,941 1,737ab
Nakate Shinsenbon 497 411 437 4482 1,802 2,353 5,283 3,146bc
Sankanka 368 456 352 392a 873 1,178 1,230 1,194a
Indica Kinandang-puti 404 376 324  368a 390 1,077 2,032 2913 2,007ab 2 469
a
rice Hakkokunen 437 404 340  394a 2,516 2,071 2,933 2,507ab
Boushitou 405 413 399  406a 2,585 2,543 7,678 4,269¢
Mean 453b 402a 378a 1,554a 1,506a 2,294b

(Adapted from Jodo, 1986)
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(pF=1.0, 1.4, 1.8) » #RER » HELIEE
HEZM BT /ARESE » NRAERNRZH
BEPEER kg > HgRES
KRE  BEENEERBNTEKREEE - A
TREHBEEEREE  NHNELNRE
KEmE HEEBENS EEEHET »
FOKEERMEEFRE/KEEN » TTeEER
BRI DT EE (Jodo, 1986) ©
A - KR ETHNTEAERE »
= _ 2 LB Matsubayashi et al. > (1955)
BA Kato et al. » (19659 Ea s R » B

AAR—E > (HEBERAE TR AT R AR K
BERE - ERNAER TREXEM
LEFRER BT BER B E »
Frg it R YE » MR EEREERN
ME > BAOHYE > HMEETKE -

BROKEKBETERENRE > EE
ENREERARER (DEHR—EETHER
K QBUKRFEERME » & GRKWIEE
F o B —ZHIrsk B kS L T IR
8 WUEHSERERKEENR
(L

Table 2. Water requirements at various growth stages of the rice plant

Matsubayashi et al. Kato et al.
Growth stage
(1955) : (1965)
Beginning of tillering 1046 g g! 274 g gt
Panicle formation 464 326
Beginning of heading 410 264
End of heading 232 329
Early period of grain ripening 315 331
Late period of grain ripening 1081 354
BEMES » EBUKRET » KfaHEEk ERE-

IR ZEREH (leaf rolling) »
FIRF SR FLERBA A A /K SR ER » BEES
HEERZEZE T (O’Toole and Cruz, 1980) o
7R A TE A R A R B R K B S R RY IRE
B EREsHRERLR  GRELY
BEORMEEHER > SREASR
(Namuco and O’Toole, 1986; Sheoran and
Saini, 1996) » H.1% B E IR RIZERH
(Cruz and O’Toole, 1984; O’Toole and
Namuco, 1983) » HHA/KFETERIIEERH
BER  BEBEMERESIAKSEBAT)
gt » KIELRRERERNIE TR » NE ST AR K
Kk B4t IH 5 (Ekanayake et al, 1989,
1993) » AHAIRITEERA » RIEHBHF -
WARTEM R2E /7 (Ekanayake et al, 1990;
O’Toole and Namuco, 1983) » xR EHE

(Z)KFEHE D RIRE

KiG R HE S BRNEY » @R
BRARBZEHGZEIZE > BRI
AR B2 S e HARIBREER o KIS S EA
3B NaCl K> &HlfEH L RBER
H NaCl JBEZE 50mM K > AJEEH YL
= (Yeo et al., 1990) o NaCl FEEHHIfEF
R K fEBESR (o -amylase) IE{E > i
WE 2L ik vk A R R L S R R PR TR
Ll GA, (gibberellic acid) pEEE » A LUK
B EE A RAHEIE] (Lin and Kao,
1995a) » AT 8T SR P AR EH
EESREE T B » HIfIfRcER (Lin and
Kao, 1996a)
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GRAIN YIELD

Grain sink

capacity
spikelet formation
spikelet retention

Source supply
to fill grains

grain size

Dry matter growth
during drought or
during recovery

green leaf retention

toxicity, pH, diseases,

timing and severity
of water stress

A

]
Adaptive traits Adaptive traits
for water stress for other stress
resistance factors
shoot and root nutrient availability/
related troits

insects
DROUGHT

Fig. 1. A flow diagram showing processes of the effect of drought on grain yield, including
possible influence of traits associated with drought resistance.

(Adapted from Fukai and Cooper, 1995)

BB ERI > HREAYE S R
HERE - BR - EMREE - EFRE
RHE > ZEAK  BREIAESRE -
HI Na gEZERFTREME > MEHEEER -
WMEZE Ay Z 1 (Yeo er al, 1990;
1991) o H H By 28 — {EE AR 2 M fe iR Y
WBENWE SRERERR > RERKR
7 RWEEE » el IEARSERE H
H B o B WINEEGRRREQERN
BEfig » BB L iEZIEP LS EERTEE
(Lutts et al., 1996) o 4} » fESEERIET »

ARIBZEGREER % Na ik Cl» SZEHlE
% K (Khatun and Flowers, 1995;
Yeo et al., 1985) » 3EARIETE 7 R BRI 65
AT NEHEF NaE Cl EEE > 7]
DURESE L S ERIVIEE » BRI RIE D
AEEYHEED RN EENRERZEE
# /[N (Yeo and Flowers, 1985) » [AHLE&E 43
EREENEAOFERBRETEENER
o

o E KA ERBEE -
£ 50 mM NaCl BHET » Hf2BERIE
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- F&EHIEIREEE (Cruz and O’Toole, 1984;

Ekanayake et al., 1989) > » TR FRYEEH]
&G AR ~ TS (Khan et al,

fETEHy BAESETS JT g > SIFITE 85 -
EE KR E S (Khatun and Flowers,
1995 a, b; Lutts ef al., 1995) e R=AIFEE

1992; Singh and Sharma, 1993) ~ ZE#BFE  BE/ » /KIS NaCl BEHEE% > RNgfE
&~ BABRTEESE - BEREREREN BRXAHEER > HEIRERMEER

WMEE BENEEREHERS
(Khatun and Flowers, 1995 a, b; Lutts et al.,
1995) o E—F I BEREENEE -
R AETER AL £ Na f1 CLIEREESE T »
KIRERA > BB Na fll Cl BERES »

{& » KBt NaCl HfE RFEIAEZE -
mEEMERIZE (Khatun and Flowers,
1995) » B ETREEEREERD &
FEMRE -

Table 3. Frequency of seed set (percentage) in crosses between plants of the rice cultivar
IR36 grown at 0, 10 and 25 mol m™ NaCl in artificial sea water

Frequency of seed
set/panicle of each cross

Cross (femalexmale)

Percent seed set comparing
to 0x0 combination

0x0 41.5  (9.6) 100

0x10 372 (11.0) 89.6
0x25 33.1  (12.5) 80.3
10x0 25.7  (9.8) 62.0
10%x10 23.4  (11.3) 56.3
10x25 22,4 (10.2) 54.0
25%0 11.3  (7.6) 28.1
25%10 10.0  (7.5) 23.0

The frequency of seed setting.is calculated from and average for 20 pénicles. Values within

parenthesis are standard deviations.
(Adapted from Khatum and Flowers, 1995)

2 ~ JKIETT 5 52 B A o1

7 e i R S P R 7K R Bl 4 R R R
FERRAMZER » FEAEMERLL
B2 - W] LIS AR RENT 2 B BRI B > K
BRI B LT R E e

() AL TR R

kIS R R BB ELAEE
R - FLFABTEHERERAITIE © 4l
WN3e R A > BEFEFE 52K ER Z HT SE R BATE
FE o AR ] IR A 7k B9 F)
A o THRYSREE » BIA] DUEETE R 7L
HHREFEREBREEMEHEE Blum, 1988;

Fukai and Cooper, 1995)

(Z) cUEEREREE - RS KR -

REEZEE Ak KB RKREE
e HURRAHEMHESGE ?é[ffﬁﬁiﬂ’]
KB EB R X ESRE (Ekanayake et al.,
1985) c RN F A LU HEIER B R H
ARETEE AN AR > EERET >
TEE T EN R AR —RES > =
BRRRALEBBU TSR  REER
DEK > ERRELEEALRE -
R E R - BBk RERER
(Yambao et al., 1992) » [EIRFHE] 2 RLE L8
RN EAR » BIMIRK%E (RLD: root
length density) (Fukai and Cooper, 1995;
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Ingram et al., 1994; Yu et al., 1995) o £
ARERERAET » M2 HEE 10-30cm + /&
th» fREY RLD EIEHHEE > HEEFHR
$F » it S PERISEARARE (TRL: total root
length) 2 IEfHRA (Ingram et al., 1994) o [t}

A BEWREIRREEN - Hith EIREy o

BEBL T8 4> (Blum and Ritchie, 1984) o
EFRRB L ETERRAEREHE -
BUR A Ak oy HEZE B E - R B i@y i

TEBH EEREZE L EBOK » B AT
A LER T SRV EE Z — (Blum, 1988;
Nguyen et al.; 1997) o E&H A& FHYHE
YiFE kL K S ZEZR E 1 E (epicuticular wax :
EW)E& A » KB B AFLBREA R » K535
GHRKEARE o KTEmER EW RS E
K M EW SRYME » A DIERE R T
FRFRREMNER » EZ3H 28R
(Haque et al., 1992; Nguyen et al., 1997) o

Table 4. Root tralts shewing genetic vartation in rice

Diameter/thickness

Water extraction

Maximum depth

Deep root-shoot ratio

Xytem vessel diameter

Root dry weight l
Thick root number

Japonica>Indica

0-10 cm, Indica>Japonice
below 30 cm, Japonica>Indicea

Branching ] Indical>Japonica
Number
(Adapted from Ingram et al., 1994)

o\ = s flz—-e
(=) HEHRE AR ER ¢

— i E YRR KRB ST - M
SHETBERTEE (osmotic adjustment :
OA) » ENREBEWE » FlUNBTEEE
ERFEES (mannitol, fructans, trehalose %) »
R REBKEATEY (proline,
glycine betaine ) » R[LMER B ERRE
HAHYE » #FMMWA (Gupta and
Berkowitz, 1987) K ZE#EEX (Robinson,
1987) MBZEEKIENE  E—PHFER
AR KXSEEHR (Downton, 1983;
Seemann et al., 1986) o BAAE H EAIEE
o TEKEFEHERENEEGREY
L2232 (Bohnert and Jensen, 1996; Bray,
1997; Hare et al., 1998; Ingram and Bartels,
1996; Zhu et al., 1997) » ;5 FAAK AL MY
Wi3LEE R - OA EHEMEIIYEIEERER

Lilley and Ludlow 447 61 {H/KFE
L BHAESERBOEBES (lethal
osmotic potential : @ ,jema) Z2IBA (E
Ty EA 17 EAEN R IEE (¥ cema >
-6 MPa) » # V&2 HAET - NEMLE
] OA BYZIERRA » B 0.3 # 1.7 MPa
(mega pascal)o 7k OA FYIEH & #E 0.3 -
0.5 MPa » E MPa KKEf » RINFREAYE
ERRIRHIREST » nI{REK T BN EA
HRL > R B A MR TR R o — TR S >
EIERIFE OA B » TR IthigkE » BA
FUFSHY OA HI#Z{K (Lilley and Ludlow,
1996) - HET R A REE ¥ OA B/KFE
BhEEFOBEGET SN > NEHIY
mENRERET UER ZEREREY
4N IR52 EB{ENIEBESR > HER
Al » EREZEREEREFRIRER
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EefE (Garrity and O’Toole, 1994) » HARE  HREBAESHNERWEEES £

FFHILL IRAT13 BIREE o RAKEYIE
BERET OA FIEERMBIRGR » DUT gtk —

#Z (Fukai and Cooper, 1995) o

BK88 BR6

IR52

IR28

Binato

Mahsuri

IR22

IR72

Nam Sa Gui 19
Co39
IR13429-150-3-2-1-2
IR42

RD18

Intan

IR8

Taichung Native 1
Nona Bokra

TD6

IR50

{ IRAT13

Q2 e

iz

IR36
IR34583-19-3-3
Bala CR42-38
C22-51
IR64
R20
Z Dular
MGL2
IR480-5-9-3
i IR43
Pokkali
CPIC8
ARC 11554
Leb Mue Nahng 111
Khao Dawk Mali 105
IR29692-65-2-3

Qzzzzzzz2z2022;

Wz drard ez, N22

Toyonishiki

— 1R29725-22-3-3-3

—] Kinandang Patong

Surjamkuhi
Salumpikit

BPI 76
IR442-2-58-2-1-2
Sigadis

Todoroki-Wase

0S4

Azucena

-

Rikuto Norin 21

Palawan

[
{

Rikuto Norin 12

Wizt iz

Jalamagna

Tachiminori

[

IAC25

L Japonica (VI) * ¢

Lemont

M1-48

I ndica (1)

Bulu Dalam

Other (II, IV)

Goirol

IAC47

Moroberekan (2)

IAC1246

63-83

Moroberekan (1)

T T T T T

-10 -8

Lethal osmotic potential (MPa)

Fig. 2. Range in lethal osmotic potential (MPa) for 61 diverse rice lines. Isozyme grouping
for each line is shown. Horizontal bar show LSD (p=0.05).
‘ (Adapted from Lilley and Ludlow, 1996.)
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AEREREWME R ZRYEREM
OA? BRIERMIIFERA L » LLEHEE
HIE » K R IIEBUKBER T 2EE
proline (Dingkuhn et al., 1991; Lin and Kao,
1996b; Roy et al., 1992) » {HZ proline E2
it 5 R it B8 IR BR AR R e B HESE © 440
proline JEEE » BESR W] LAFREREE B K Fa S my
SR - EFEHFRNER Lin
and Kao, 1995b) o A EAKIBER T &
F1E glycine betaine » BIIFE B ER /K
578 cholcine monooxygenase (CMO)F
betaine aldehyde dehydrogenase (BADH)EE
% (Rathinasabapathi et al., 1993) o {H& 3K
BH/KEHEHE BADH EER > HEH
B peroxisome P » K LA HER
Bz CMO % (Nakamura et al.,
1997) c ER /KBRS REEMAVEE
BYE > BRI EHERNRE > RES
E—SERES o

(P0) BHRISRETBE -

HE R R B A IS R BT S E RV
o FER NaCl» FEBKREZE  F
2B —FRREHER > MELEHZHH
HWRZRLFEEA > B (1) RE NaCl By
W RGERE C FERRE NaCl #@@ERH
Fi RS R A R R B SR B > 3 PR B E E
i EERERME o (2) ARESI NaCl 7E1H#%
R4 > {5 NaCl FEEREZIEL S »
MAGEIGEE o 3) HHRBE NaCl BIMH
AR TLLEZARFEREE NaCl i9R1E ©
DA EEEER MG U E KGR S T LA EE »
EIRF#E _EEF Na /st Cl BIRME T LES
fifES R =54 (Ramani and Kannan, 1986;
Yan et al., 1992; Yeo et al., 1986) o

by & @GRS - FERRE TR
BRI E SR - FRAFHERKKEN
KIETRA—E » R —4FHA 2 i
B > W NEREAM A T AN E AR
TESEAEERAEZE » K& LED
DVY = i S e =BG L | i [ N g

£ ~ Jkiaimt £ K idE B RARY 9 FEC5R

JKFEM F RS R EHEER
5l FT2ENEERIERIEEEH
HREENERMENEEFRHERRE
BE - BEHRBST TEYENER > G
LRTRIEAMT o HFPT ZRIE LR o Hr—
TER ST HE R EEREERER
EZ (Quantitative trait loci : QTLs) » Z[5E
BRI R ER » WG ERES » B
n B FRRFKBEE MAS (marker-assisied
selection) BF&E o

HaikBERERFNGS FEERE
» ZREK#7 0.9 cM (centi Morgan) F8FH
—{E1E3 (McCouch and Doerge, 1995) »
JEH EE R ME R ENL © :ERFMRE
ERAE > FHlEHEW 2GR QTLs »
TEZFIH RFLP (restriction fragment
length polymorphism) 5\ » FT¥F R AUTH
HREREERER-REZ - RER >
ERFRABERBERFAMNEERRD) &
LR EREESIAEER o BRT/KREEL
4& o HEEELMEY » FIaNFEHMN ~ EK
RE -~ HREHIMEEOME > 7THA
FRENE ARG RAVIERENE - Al > RKREFE
IRHE SRR - RREN - EE
FMEARBTESERRLR » IR EEEFA -

A~ FREREERMEEKEN 2
K it B& HE

HEAR KA SEE T R ETEE N ER
BA > HERAKETEEWEEASZ » &
BRI BSR4 Ay R TRk
AR RMERES - fINEEFEFR
HH > 440 putrescine FEEE ] LIJEKEE NaCl
HEEFERHIE (Lin and Kao, 1994) o ¥4
BREEPEPEYE TWEREE_
JLRE putrescine » IRARIDUEEEKRER »
e ek ki E R (Krishnamurthy, 1991) o ¥§
HEEEEME Klebsiella sp. 7N GBI
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RERETAER WEETELAEYERTAL
) > KR IAA ~ Kinetin BE GA 24§
VIERFAHBFA B ELUER (Razi
and Sen, 1996) » “~ & FH <] & i & B 5 3%
FRENZE » WRLEAFTEE °

R ABEREERMEEEN
HESL > RN LAK 185 Bk (Christou,
1997) B2 E L (Chan ef al., 1993) #

ARSI EHEKEEE - B
SFEVBENZRUESERELSERE
R 2K o HhafERSZHk KEE
FEZEVER - HREEHESENEBIE
ELEEREERAREG - HETRESHE
FE G KA 2 R EERE ST - HATE
REBRSTBERNWEHEEREELUT&E
(FN):

Table 5. Summary of QTLs rated to drought resistance in rice

Trait No. of QTLs Effects
Root morphology 18 Root thickness
16 Root/shoot ratio
12 Root dry wt per tiller
(Champoux et al., 1995)
Root penetration ability 4 No. of deep-penetrating root
6 Root penetration index
19 Total root no.
10 Tiller no.
(Ray et al., 1996) _
Root growth 1 Root length at 28 days of growth (DAG)
vary QTLs at 3,7,14 & 21DAG, QTLs vary
with developmental stage.
1 Root volumn
2 Adventitious root thickness

(Price et al.,1997)

Leaf & stomatal conductance 1
2
2
3

(Price et al.,1997)

Leaf rolling

Stomatal conductance
Rate of stomatal closure
Date of heading

Osmotic adjustment and
dehydration tolerance

5
(Lilley et al.,1996)

1(major locus) Osmotic adjustment

Dehydration tolerance

Table 6. Expression of novel genes conferring stress resistance in transgenic rice

Gene Enzyme/protein Source Response Reference
HVAI LEA group Barley Drought/salt Xu et al., 1996
P5CS A-pyrroline-5-carboxylate  Mothbean Drought/salt Zhu et al., 1998
synthase
CodA Choline oxidase A. globiformis Drought/salt/ Sakamoto et al.,
temperature 1998
ADC Arginine decarboxylase Oat Drought Capell et al., 1998
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(1) HVAl : BREERBHIHEHRERER - U
ABA FEEREK » BE=Ef LEA (late
embryogenesis aboudant) & HE » H
DREBETRZHKESE - HEHEE
HTHEEM RE R T - KEIEIKE
% FEERMREEE - fKETE 200
mM FEGEFKERT  ERER
REETEY ¥ HRAHARE -

(2) P5CS (A-pyrroline-5-carboxylate synthase)
EEH proline SRAY T EEBER -
P5CS #%] ABA FREZEHNERZEE &
H @ BEREEKRE > AERKSEE
T2 proline > 755 E IRAEKRAY 167 -
252 % -

(3) CodA (choline oxidase) : 2%l glycine
betaine SR X EER - KEHRE
EEEEER HETEEMK glycne
betaine » Sakamoto 22 A& Codd EHE
WA K A6 BT mIAEERLET 0 43 Al
BERNEYEAEFBRMRE SRR
B SREAREFRAEZERERS
glycine betaine » # & IEEMKIE P RIFE
Z 5 5 HRBEHNE  RESEY
BRTE A 2 NGB ERNRR -

(4) ADC (arginine decarboxylase) : &% 70
feEERE R —E R EREER
arginine & ¢ _JC& ~ putrecine °

At EESERCREESFEE ~
FRIBETFEEY S o Kb oEREES
EBERRREIYE L G > Bl trehalose,
mannitol, fructan 2 ; SRy X2 H Na/K

BEFEE - RGBS - RESHIE

E4BIER - R ERESTE INE YT B i

EEEEST (Blum er al., 1996; Holmberg and

Bulow, 1998) o AT LITHEAME » B H K

- AE SRR K o B KFEMEAREY

WREHE SRR -

BEHTE L RIRY SR > I JF R PR 5
MENEEN  BERELMERSHMETE
LU » SRR o 5218 Lo W
HEEKBIAEREL - BARTLUED

RFBIRPIR B R - Ht ] pEFEK
R EEER  FERECKFEANHE
3 #U F& 8l ¥ (inducible promoter) » ©] DLfZE
HIERERENBR TRE o flan > FE
KBEZHKFEWEE 7 2% - BET
At RIEEEERRATERIAGR
o REBIHKSERIGRERE >
DEEHEH KB TE Su e al,
1998) c X » HFF ZHAIEEI ALK
EHEEERE B RERBAKBERE
BHANME » I o E s E 5 K&
(gene silencing) FYRGRE » ¥ INERTE B K&
BEFEEMSE (Kohli et al, 1998) c HIAEE
SCEREYIERIEE S > 2HSHBER
R B0 DR R 5 N E 2 B
ERWERH > h2IEEEEhREENIRM
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ABSTRACT

Drought and salt stress are two major constraints to rice production and
yield stability in many regions on earth. In general, rolled leaves and closed
stomata were easily found under drought stress. Accumulation of Na,
decreasing of photosynthesis and enhancing of senescence were also found
when plants were subjected to salt stress. Rice plant is most sensitive to both
stress during reproductive stage. Loss of grain set and yield is tightly
associated with the failure of panicle to exsert from the flag leaf, the reduced
floret number and the lower pollen fertility. Several drought / salt-resistance
mechanisms have been identified for rice: (1) drought escape via appropriate
phenology, (2) moderated water-use through morphological changes,  (3) the
capacity for osmotic adjustment, and (4) efficiently devoid the ion toxicity. In
the past, the breeding for both stress tolerance was slowly progressed because
the complexity and the involvement of multi genes in drought / salt-resistance.
However, recent development of molecular linkage markers for root traits and
osmotic adjustment as well as transgenic techniques offer new opportunities
for drought / salt-resistance breeding.

Key words: Rice, Drought, Salt stress, Osmotic adjustment, Transgenic rice.




