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Breeding Rice for Salt Tolerance and Good Cooking Quality
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Abstract

Breeding for salt tolerant rice has been done for a decade. However, most of salt tolerant lines wilichi
have been released carry inferior cooking qualities compared to KDML105, an aroma good cooking auaiiiv,ice
of Thailand. To develop salt tolerant and good cooking quality rice, molecular marker assisted‘seiection in
backcross breeding program was initiated in 2001. Two RILs, FL496 and FL530 selected ¥ram mapping
population of IR29 x Pokkali were used as salt tolerant donors. KDML105 as recipient was=Cross pollinated
with these 2 donors to develop F, and cross back to KDML105 to develop BC,F,. Tli=¢ markers ; RM140,
B1.1-1 and B1.1-11 flanking salt tolerant QTLs spanning 33 cM and two mark=rs; RM0O and 10LO3FW for
amylose content and aroma scent were used for selection to produce BC,.5\Theh BC,F, and BC,F, progenies
were randomly selected and subjected to genome scan. Percentage ofacipient genome recovery for BC,F,
ranged from 67.2-92.3% and for BC,F, from 72.45-95.92%. The cocling,quality of progenies were considerably
similar to KDML105. Agronomic characters of progenies were obge)ved and showed that 81 of 90 lines tested
had higher seeds/panicle while 47 lines had higher 1008/grain weight and 74 lines had higher grain yield
compared to KDML105. These results indicated that niatke: assisted backcross breeding technique is useful

for selection of lines with acceptable traits while nfaiii:aining superior cooking quality.
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Table 1 Standard evaluation system for rice (SES) of visual salt injury (IRRI,

1996)
Score Observation Tolerant level
1 Normal growth Highly tolerant
3 Nearly normal growth ; leaf tips or Tolerant
few leaves whitish and rolled
5 Growth severely retarded ; most leaves Moderately tolerant
rolled; only a few are elongating
7 Complete cessation of growth ; most Susceptible
leaves dry ; some plants dying
9 Almost all plant dead or dying Highly susceptible
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Fig. 2 Rice plants under severe stress (21 days after salinization)
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Fig. 3 Pathway for BC,F, of KDML105/FL496 and KI@FLSSO population

Fig. 4 Band pattern of parents using SSR markers : RM140 B1.1-11
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Fig. 5 (a) Map of marker flanking SalT geaevregion located on chromosome 1 (b) Map of
marker flanking waxy gene regiop-aodated on chromosome 6 (c) Map of marker flanking
aroma gene region located on-ctifariosome 8

Table 2 Characteristics ofdhe’5 GNA markers flanking the QTLs of interested traits

Primers Pepeat sequence Source
RM140 Fw: (TGECTCTTCCCTGGCTCCCCTG Cornell University
Rw: "5GCATGCCGAATGAAATGCATG
B1.1-1 aw: TTGAGATGAAGACGGGGAGT
Rw: AATGGAAGGGGAAGAAGAGG Rice Gene Discovery Unit
B1.1:11 Fw: TTTGGGGGAGATCACTAGAGG
Rw: TTTTTGGTGCTGGTCCAATC
MO0 Fw: CTTTGTCTATCTCAAGACAC Cornell University

Rw: TTGCAGATGTTCTTCCTGATG

10LO3_FW Fw: TGTAACTAAGCACAACGCAAGG

Rw: TCACTCTAATTGGCCTGGTGGTTTT Rice Gene Discovery Unit
E03_92.0 Fw: GCCATGGCTAAGCTAGGATTC

Rw: ATCCGCGTACTCTCTCCTCA
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Fig. 6 Evaluation and selection of BC,F;lines
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Fauiledna 0.1000 n3u lénasautrawia
11x100 H8aLUAT LANONT IR 95% TiIIEIUNEY
0.025% (‘L{mﬁn/ﬂ’%mm) maa"[maau@ I 0.2
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61-100 daaluas uuilvaan

7.4 aunay

T3t 1813 2 3w lanaaauiiauia 12x100
UARLNAT LANRITAZA1Y NaCl 10% W% 2 UaAA6T
auﬁqmﬂgﬁ 50 °a. 1Jwan 30 wift Usesldifud
paunniivies udew Toasunuuesit 0- Wulinay 1-
Hunantunans uae 2 - iunen lasSouisuny
21108NWzA 105 AEzaUANUBaN = 2 T1IaaNNS
105 WRNTIITITNANNTLALANNAON = 1 UazT1

FITNNATTAUANUKEN = 0

8. NMSUSLIAWBANBULNIINTINBATUALLTRAA

Uandndmin 90 a’mﬁufﬁﬁ%uﬁa. DANANTY
KDML105 x FL496 t.az KDML105 ¢ FL530 L‘ﬁlﬂ
sz finansmelunlainaand@ Ly dnansznuain
AN lugudiTodpgueme il MukumImna
§99UUY RCB 31170 07 lungudsszniraudan
ANIANTING BN, 2547 Dosniwudadluamed
dagluuilagnends dnansznuainmsriiaissas
Tsauazueanzi lsalng uusetn wazwumsriany
VoI pE ﬁﬂﬁﬁaﬂaﬁ"ﬁaw"@gnﬁaaﬁa LTUFAN
Ua, anwaefivimsansuazdudin leun ANNF
AUANNE BIRUTTNAUNAKNAS (I1UINLNEAGDTI
WNAIEN 1,000 LA S1MIUTIAEND SIIBLUFARY

LAZLANLNEA) T1HaaNABN LAZNANRE
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Nan'l‘svmaaauaz%'l‘mif

o o ¢ [3 - | [ 1
1. ﬂ’]iﬂﬂW%ﬁq‘YI%LﬂN (AALRaNNDLLN)

[

mﬂmsﬁ'ﬂﬁuﬁ?ﬁnﬁmm 16 ﬁuf/m UNUT

o o

L‘ﬁmﬂuﬁ'mffhma@é'ﬂwmmmﬁw WU 4 AUWUD
LLﬁﬁvl,ﬁmﬂgjwammdw IR29 &z Pokkali Aa FL416,
FL478, FL496 uaz FL530 Me3uNaaInanaLfuitay
‘ﬁq@ falazuuw 3.3, 3.0, 3.0 WAz 3.7 NE1eU
Ll,a:ﬁﬂ‘%mmﬁﬁwﬁﬂﬂuluga (91.96, 94.16 /9128
Waz 93.91% muinay) Inaitud sanudsTiia
NN 1T 21IRINUDN LasaannnAET Pokkali &9
ﬁﬂ‘%mmﬁné’wﬁwﬂﬂugﬁmi’m 90)97% ANBUY
uiinuludasfinwiude ({anid, 2004) uaziany
41 RWC azaaaslugrfidalasunaniznuainang
LAY AILRAILY Tauiea '1t’.ﬂl,aw1$mﬂﬁ'uﬁjﬁ"l€ﬁuwa
nsz‘n‘umﬂﬁmflumu‘t‘]unfﬁ"l,;mmﬁu Femannaany
MInaaadhutafing (Netondo et al., 2004) nanan
S awuAeyie 4 mmﬁ'uﬁf ugA9A Na'/K’ ratio 61 o
0.189, 0:83, 1.158 LAz 0.126 ANEIAU LAZHIWL
&'nrm:éfanémslwﬁ'nﬁmfﬁmﬁaa 2 ﬁufﬁﬁﬂmﬁw
AD PTIRIINUDN UAZ UEIABNNN BITATUUUNILAL
luszauiunans fa 4.3 fd1 RWC ggaﬁ 91.08 LA
92.00% @NEGL uazd A1 Na'/K' ratio ¢ (0.209
waz 0.233 MUAAL) WaadlAlRnIn a’mﬁmfﬁﬂén
mwuamﬁwﬁﬂhﬁuﬁfﬁmﬁaaﬁy'a 2 Wug fwed Na'/
K’ ratio sansnliiudad iaiiofusuanammauan
AmAits wananuwEINLIn Wesidud RWC uaz Na'/
K' ratio finnudunuinuedadielumeay 931w
WAWINA1 RWC gaﬁmmmlﬁ‘ﬂuﬁa%ﬁﬁmmwmﬁw
LTULALINY (Suriyaarunroj et al., 2004)

MNINUNaaasi 97 4 suNUTHazLUUNKLAY
32W34 3.0 - 4.3 (Table 3) BeFuRusALIZLLUMTIE
AZULUUY SES (IRRI,1996) ﬁﬁ'mfﬁ’nﬂmﬁm:ﬁ
AzuuuAMANMANaL UL 14 yusfireanuza
105 WAz Pokkali AAzUut 6 WAL 3 AWE1QU @1
Na'/K’ ratio 189771 4 seiugarluga4 0.126 - 0.233
WAz RWC 85321319 91-94% athalanana laaaidan
Wugd1Y 2 MeWuidmIuNMINENRUSIUI1IA8N
VR 105
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Table 3 Physiological traits contributing to salinity tolerance in 16 rice accessions grown at salinity level of 6

dS m”
_ AtEC6dSm’ At normal concentration(0.82 dS m™)

Lines/
cultivars Tolerant Salt tolerant Relative water content(%)* Na+/K+ Salt tolerant Relative water content(%)* Na+/K+

grouping scoring® Midday Predawn ratio* scoring® Midday Predawn ratio*
FL358 MT 57b 85.80bc  84.28 de 0.346 b 1 87.87b 95.05a 391a
FL367 MT 5.0 bed 86.98 abc 87.35b-e 0.266 bc 1 90.39 ab 95.64 a .356 a
FL411 MT 57b 87.94abc 9161ad 0.241 bc 1 87.67b 95.91a 318a
FL416 T 3.3de 91.96ab  94.11ab 0.169 bc 1 95.13 ab 99.11a 244 3
FL434 MT 5.3 bc 88.50ab  86.73b-e 0.382b 1 91.92 ab 96.53 a 411G a
FL443 MT 5.3 bc 88.90ab  85.04 cde 0.232 bc 1 92.46 ab 96.73 a 303 a
FL478 T 30e 94.16 a 9793 a 0.183 bc 1 93.69 ab 97.734A 264 a
FL496 T 3.0e 94.28 a 96.68 a 0.158 ¢ 1 96.01a 98bo\a 237 a
FL523 MT 47be 91.06ab  92.51 abc 0.200 bc 1 92.05 ab NAVEE:| 294 a
FL530 T 3.7 cde 93.91a 96.39 a 0.126 ¢ 1 92.56 ab g7.84 a 271a
FL563 MT 5.0 bed 86.04bc  90.75ad 0.318b 1 93.27.3b 97.91a 395a
KMK T 43be 91.08ab  90.34ad 0.209 bc 1 94220 97.78 a 481a
DDG T 43be 92.00ab  90.18ad 0.233 bc 1 94,34 ab 97.66 a .364 a
RD6 S 7.7a 81.35¢ 82.06 e 0.729 a 1 89.70 ab 97.71a 402 a
KDML105 S 7.7a 75.00d 81.80e 0.668 a i 94.78 ab 96.84 a 508 a
Pokkali T 30e 93.27 a 94.12 ab 0.236 bc U 92.21 ab 95.71a 252 a
CV(%) 323 42 45 718 323 4.2 45 71.8

* The data were collected at 16 days after salinization
T = tolerance, MT = moderately tolerance, S = susceptibia
Means in the same column followed by a common lettar @rez not significantly different at 5% level by DMRT

Table 4 Summary of percgiyretizient in each line from the cross KDML105/

IR66946 (BC,F,)
Cross Jrecipient Cross % recipient

KDML105/Fi_494 KDML105/FL530

Line No ¢023 70.83 Line No 54 71.43

Line No=1024 87.04 Line No 62 83.33

Line Now1459 92.31 Line No 72 79.31

Line No 1166 70.37 Line No 169 73.21

ine No 1248 70.37 Line No 173 75.00

Line No 1269 77.78 Line No 190 77.78

Line No 1277 80.36 Line No 221 90.74

Line No 1295 69.64 Line No 241 70.69
Line No 248 84.48
Line No 296 67.24
Line No 315 79.63
Line No 324 75.93
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2. miﬁmmﬂixmnignwauné’uﬂ%ﬁ 2 % 3
Tﬂﬂ‘l‘ﬂmLaqatﬂéaaﬁmﬂﬁlumﬁﬁ’mﬁan
HAN1IATIIFDUNUINTINYDINITHFUNAY
A3 2 117 1 (BC,F,) douaadlu Table 4 wuin
mMItenaaansmeaININInanizd 105 ldgnHas
ANAANUZR 105/FLA96 a%ﬂuﬁ]dizﬁ’i’l\‘l 69.64-92.31%
UAZANNRNTINDNUER 105/FL530 agjislumﬁzmw
67.24-90.74% YnInalaanan Uﬁuﬁj‘ﬁﬁmiﬁ’]ﬂﬂa@
ANHIULNNRUINITNYBIVINBNUER 105 §InNT1 80%
ﬁ‘%’m%'uwﬁmgﬂwmmé'm%ﬁ 2 7 2 (BC,F,) lawld
3 ImaqaLﬂ‘%iammﬂﬁ@@mué'ﬂwm:ﬂmﬁu Uaz 2
Imaﬂqam’%ammmﬁ@@mué’nwmzqmmwmmaﬁu
AaLRen BCF, Lﬁ@ﬂgﬂiﬁ“’[ﬁ BCF ATIIFOUNUD
n350Pey BCF, wud1 IWugnssuaasnninenuzd
105 1938 83.05% (72.45-95.92%) Gauaaslu Table 5
sﬁw‘i’m’hmﬁmsﬁ]:Lﬂuluﬂwaﬂqwﬁmaammauné’u

Table 5 Percentage of recovery of
recurrent genome for BC,F; of

KDML105/IR66946

Cross % recipient
KDML105/FL496
Line No 1094 78.57-95862
Line No 1159 79/59-9)0.22
Line No 1277 78.1¢-89.58
KDML105/FL530
Line No 62 16.53-89.58
Line No 221 72.45-84.69
Line No 242 81.25-91.67

BC, fa 87.25% atglyianw qmmwmmaﬁmﬁ
wu’[ummﬁuﬁjﬁanﬁmﬂ@iﬂﬂﬁlﬁmﬁ'um’maﬂmﬁ 105
LANWLANNT ﬁoﬁmﬂﬁ'ufﬁ'mmﬁ]ﬂﬁ%'umsﬁ'@um
& s 6 9/‘:' =3 I [ 6 v

WumoRuiuinnuwdn uazaraauaiduiuiing

a A =3 1
ﬂmmwa yadned LLﬁtﬂuLﬂﬂJ@]a‘lﬂ

a [ o &Y
3. Naﬂ’]‘iﬂitt&l%ﬂ'ﬁ’]N“ﬂ%LﬂN%aﬂﬂﬂﬂW%fg’ﬂ”l'ﬂ%
miazmﬂmqmms

3.1 aﬁmm"’uﬁ@”una”ﬂagisa@ (SDS)

dunadiRuganInenuzd 105 fdanluans
arapfaNULANIZAY 12 dS m™ & u'ﬁzlagia@"l,ﬁ
1940 1% mm:ﬁﬁuﬁﬂmﬁuﬁtﬂ nga eI INaIw
NuLANAS FL496 ez FL530 "ﬁ@l%ﬁﬂﬁWLﬁﬁﬁﬂﬁ
a‘hmui’uﬁagia@maﬂiﬁ 20 53 WAz 52 1% a3l
81AU (Table 6) SaTha") .T%Emamé’waaﬁv’a 2 g
KDML105/FL496 W& KDML105/FL530 JaNNLaN
o lagfia .‘3l“’MﬁjﬁﬁﬁuqﬂﬁNﬁﬂ’J‘].Iﬂ&Jé?]HMZV]%
LANRE Tuﬁﬁunﬁnagsamﬁau@i 34-56 11 LA 818
ﬁ'vfﬁvl,uﬁﬁuqﬂﬁumuquﬁﬂwmmamLﬁuﬁﬁ‘hmu
iw*:ﬁuﬂﬁ'lag'saﬂ 31-44 Tn

3.2 a0TFIUVaY Na'/K'

muﬁuﬁfﬂj’nﬁﬁﬁ'uqmtmmuqué’nwm:mm
NWLAN ﬂgnlummzmUﬁﬁizﬁummlﬁu 12dS m
(120 mmol NaCl) Wui1 dnaasuaad Na'/K' e
0.98 S'f%aLﬂu@hﬁlﬂé’lﬁmmaamﬂﬁuﬁfﬂmﬁwm%w
NOAANHUSNUAWIAN Ao FL496 (0.96) Laz FL530
(1.01)

3.3 AZUBUAIINNULAN

MIAAZUBUAMNNWLAN FRUATFILNAAINY

AaUnfuainaaiyidulavasdudng wuh sewug

Table 6 Some physiological traits of parents and progenies of KDML105/IR66946
crosses (BC,F;) grownin 12dS m” nutrient solution at Ubon Ratchathani

Rice Research Center (2004)

Cultivar & lines Parents BC,F; progenies
KDML105 FL496 FL530 Carry QTLs No QTLs
SDS(days) 40 52 34-56 3144
Na+/K+ ratio 1.64 0.96 1.01 0.98 1.18
Salt injury score 4.5 3.8 4.0 4.3
%RWC 90.68 92.93 91.91 89.87 89.88
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ﬁ"l,éf%'uLLazﬁﬁuqﬂﬁmmﬁmLﬁa asfinzuuudinia
mﬂﬁ'uifﬁnﬁvlajﬁﬁ'uﬁmiuwuﬁuL?iﬂﬁfaﬂ NANIS
naaasitsslismunsadtaainafissassluanunan
F9VBIT 2 NANEAENUE vaftonadlwwnelunsiiy
PEHAR ﬁmﬁ’sa%isl,m:ﬂ:ﬁ"l,ﬁ%'umwsuﬁug'ul,ﬁuvlﬂ
aghalsiany mUﬁuf’ﬂ’nﬁ"l,éf%'uﬁ'ugmmmmﬂu
LﬁwﬁmmsﬂLLammm*ﬂuLﬁm"[@Tmﬁaniﬁﬁ'ufmn
aaNNZA 105

3.4 Uswnashauingluly

msUszidnlsunasinguinfluluvesans
WusanHan wui najwﬁﬁﬁuqmmwumwmﬁwﬁﬁw
ﬂ’%mmm‘fwé’mﬁ'ﬂﬂﬂugaﬂdﬁ ﬂg;uﬁvlajﬁﬁ'ugmimu
AMAULAN mmz‘ﬁ'ﬁuﬁfmﬁmaﬂmﬁ 105 FU5u1mmin
Funnsluly (90.68%) Inaid mﬁ'wiamiﬁﬂuﬁ'mfﬁm
NEAWKINITUNUANULAY Ad 92.93% FWIL FLA9E
W8z 91.91% &§19%3U FL530 (Table 6)

4. ﬂ’]iﬂigtﬁ%@‘ﬂbﬂ’lWﬂﬂ‘ﬂrj‘\‘lﬁ‘&l

4.1 5umadilag (AC)

INMTIATIZHINIVDS 2 g]'waw WU Ysunow
aﬁiaamaagﬂwau fa1TanL bt 2 nq’uammiu
T@ nﬁjmnnﬂizmm%“aﬂaz 25 maaﬁimmﬁuﬁ:ﬂ’rﬁ
nanad S et lasaly 14.6% RIUNALS
sz 34% NS mallasiady 16 4% Gl
TN N laadN Y NUINBNNZR 105 FLA96 LAY
FL530 §USunmadlas 15.3, 22,8406 25.3% oy
o > w K‘i‘d e K A A
AU mﬂwugﬂwwugﬂﬁaffﬂw@.:J:"Julﬁmw NUSu
atilagdntunais ﬁLﬁm:\'wuuamﬁﬁmga Wawl3ou
A ' . @A o = A
mymzmnnaﬁwmzlwu;mwuqﬂﬁmumuLLazvl,sm

ﬁ'uﬁqmiwmﬁal WSS e A AR L uaNe 9N
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289Nt EATY (Table 7 Wae Fig. 7)

o

4.2 Anunay

mm%amaaﬁnmUﬁ'ubfwamé'm%aﬁ 2 4
anuuLsunn aglutasszdy 02 FiFuin 1nsn
findunouuazunagnlivan agnelsfiens a’mﬁ'uﬁf
fulnnjrasguan KDML105/FL496 Laz KDML105/
FL530 fanunaudiunatd 38% was was 61% &
\iel 1.3% ildwaw (Table 7)

4.3 mwm@?'wamﬂdgn (GC) uazanpraibly

gn (GT)
= 2 U 1 1 =
nafnsuilignuasdng 2 GuEawnI 1aig
m’mu@m@miz%’mmﬂﬁ'unfm 331 §1RIUANNAY
éhmamﬂaqﬂ ez gmunniliiiean myﬁ'uﬁ?ﬁnmu
Ingjfiansoznise @@y W uizaanuzd 105
Tasfiszanmiasas 1 ."‘.ﬂmwmmﬂmoﬁnﬂﬁuﬁn

ANagauNInaa,(Table 7)
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Fig. 7 Amylose content of BC,F, progenies of
KDML105/FL496 and KDML105/FL530
compared to KDML105

Table 7 Cooking quality of parents and progenies of KDML105/IR66946 crosses (BC,F,)

grown in non-saline paddy field

Cultivar & lines Parents BC,F, progenies
KDML105 FL496 FL530 Carry QTLs No QTLs
Amylose content (%) 15.3 22.8 25.3 12.34 -19.22  14.77-16.5
Aroma 2 0 0-2 0-2
Gel consistency 89.4 53.8 53.9 82.5-95 8759025
Gelatinization temperature 6.8 5.3 5.3 487 50-7
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Table 8 Agronomic characters (mean) of 6 salt tolerant lines grown in non-saline

paddy field

Cultivar & lines

Plant height Flowering Panicle/hill 1,000 seed wt. Grain yield

(cm) date (no.) (9) (g/m?)
KDML105 98 91 12 25.69 118.6
F3-1094 112 96 11 25.80 120.3
F3-1159 110 95 12 25.9 123.2
F3-1277 115 100 11 27.4 164.8
F3-62 134 104 10 25.70 183.3
F3-221 92 96 12 23.4 168.7
F3-248 122 101 11 27.8 176.1
CV (%) 7.5 4.0 18.45 3.64 41.3

5. NMIUTTLABANHHENWINITINHATUALHANA R
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Lﬂmwm:ﬁﬁ’mmﬂﬁryLauim‘?ﬁl.'ofg;;fa Laza1?
L UHANTZNUANNMIYIN 820 IS5 LASUARS

5.2 7uaanaan

FWIWINNNIU LB ﬁn’uaaﬂ@anmaaa’mﬁuf
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Wutdulngildwuiusendangasthinnniiug
217208048 105 (91 Pp(Table 8) uazngw F 62
TWIUINBONABREIFY Tzl Ngu F -1159 Hdwam
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auNUgEN g azldsuRunnsumshdazua
o & a AL = o & o
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5.3 VU IUTWGaNa

INHANITNARBINUINVIIABNNLR 105 &
$wanTrsdanadn e 12 s9dena agslsanw
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5.4 ¥19%4n 1,000 LA
v &w A & a s )
suWRwITINNasaIMInae Jhmiin 1,000

LWAR ggan’hﬁ’mﬁfﬂmaaﬁuﬁ:ﬂ’nmmaﬂmﬁ 105 Lan

Tabla,9\.Fhenotypic correlation among grain yield (g m?) and days to flowering, plant height (cm),
and yield components (panicle number hill ", seed number panicle ' and 1,000 grain
weight (g)) of KDML105 salinity tolerant improved population

FLW GW GY HT PAN 1,000 g wt.
FLW 1
GW 0.144239ns 1
GY 0.466634*  0.131228ns 1
HT 0.468021**  0.542604**  0.290582** 1
PAN - 0.02739ns -0.43528** 0.052975ns  -0.3107** 1
1,000 g wt. 0.456382* 0.096241ns  0.511439* 0.536515** -0.19413ns 1
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5.5 NAKAS
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