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Abstract

The research was conducted to identify genetic diversity of local rice varieties and to
compare the effect of drought on morphological and physiological changes of local lowland
rice varieties for drought tolerance screening. A total of 123 rice varieties were collected.
Genetic diversity of 53 studied rice varieties were determined using 20 SSR markers. Four SSR
markers (RM60, RM260, RM316 and RM416) showed monomorphic band while 16 SSR markers
(RM219, RM263, RM315, RM72, RM410, RM3805, RM36, RM525, RM517, RM8094, RM212,
RM1261, RM566, RM7, RM234, RM493) exhibited polymorphic bands with a total number of
59. Number of polymorphic bands ranged from 2-6 bands per marker. At genetic similarity
coefficient of 0.4 and 0.5, rice genotypes were divided into 7 and 14 groups, respectively.

According to the results. local rice varieties studied showed high genetic variability.

Also, twenty local rice varieties along with three commercial varieties, Pathumthani 1,
RD15 and Hom Thummasat were screened for drought tolerance potential. Seedlings of each
variety were exposed to either daily watering (control treatment) or 7-day water withholding
(stress treatment) under greenhouse condition. Relative water content, proline content,
chlorophyll content, root to shoot ratio, leaf rolling and electrolyte leakage were recorded.
Relative water content and chlorophyll content were significantly declined while proline
content, electrolyte leakage and root to shoot ratio were significantly elevated under drought
condition compared to those under optimal condition. When responses under both optimal
and drought conditions were considered, drought tolerance index were used to evaluate the
drought tolerance potential of the varieties. PCA and hierarchal clustering indicated that Chuk
Tium Dang, Hua Nadam, Eaw Mod Deang, Look Kheoy, Majaanoo, Koo Ning, Look Pla, Rai Sali,
Look Pla (SK02), RD 15, Hom Thummasat and Pathumthani 1 were drought tolerant varieties.
Values of parameters measured solely in drought condition or drought tolerance index were
subjected to principle component analysis (PCA) and hierarchal clustering. Under drought
condition, PC1 and PC2 explained 52.2% and 23.0% of total variability, respectively. Regardless
of performance under optimal condition, hierarchal clustering and PCA identified Hua Nadum,

Look Pla (SK02), Pathumthani 1, and Hom Thummasat as superior drought tolerant varieties
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100 lulpsans seeliuuinudeun 30 unit udniludumssdaeninuss 13,000 souseuld
WY 10 Wil msdemeneuvesiiiueseiemueanududy 70 Weddus duwmisdnadad
ANULSISU 13,000 SOUABUNT WU 1 U9 ﬁamzﬂauﬁLSuLaﬁﬂl”ﬂﬁLLﬁqﬁqmmﬁﬁawwmm 15

Wil avargpzneudlulinfdwemeinaulsiaaindeusuins 50 lulasdns uariinsizinmunIn

a ac %4 aa a = 4‘
waznIIEUUTLIAALDURMEISIaorNlTadianlnslilsdauaziaTas Nanodrop



;nJﬁ 3

¥ U

AUD

sudniugnudemlidmsunuivdnnuasluiieadnfiowe
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1.2.2 NMIATIRERUAIIUVIAINVIANEN 1T LN TIULAEN1TLY SSR markers

AsIvdeUANINVAINTIA1ENaTUgNTTHLALlY SSR primers §117U 20 @ (157991 1)

illudfiFen PCR ATl Usannssau 10 lailasang udazufitenusznoude
- Fudnfdute 50 ulundy
- Twswes SSR anuitudu 0.2 Tulasluans
- Srllesenududu 1 wih Al Mt
- voulal Taq polymerase tdudu 0.4 giln
- dATP, dCTP, dGTP way dTTP Anuidudu 0.2 Jaaluans
thehunasluidiaies Thermal cycle é?ﬂﬂiLLﬂiuqquﬁLLazﬁﬂmuiaU fail

a

initial denaturation gyl 94.0 A @aLTUd WU 5 UIW

Y

a

denaturation NigaunQil 94.0 BRI WL 45 FU9

Y

a

annealing N19aunil 55.0 aaMLad WKW 30 FUN9

Y

a

elongation Mgaunil 72.0 aerwalfiea U1 3 Wil Inevinufisen PCR vianun 30

9 Y

a

U wAEAUME final extension Mgl 72.0 ssmgaL@ea U 7 W

Y

o

MnUUEIRERS T Rgosu I Imdsannlnen1sHan loading buffer Flld@iunaNraIoIi

v

s 95% Uluunigaumni 95 ssrwai@ed waahluuwginudeiuil udwihnisnsvaeuun

9 & Y

a a d‘ a =
FUALDULDMYLATDIDLAA AT INL ST



A15°99 1 drnuiiiedlalvavesasesnung SSR MlElun15IATIERAUNAINNAIEYDINUTNTTH

Y1INULEIR (McCouch et al., 2002)

Primer Forward Reverse Annealing T,,
RM260 ACTCCACTATGACCCAGAG GAACAATCCCTTCTACGATCG 55
RM219 CGTCGGATGATGTAAAGCCT CATATCGGCATTCGCCTG 55
RM263 CCCAGGCTAGCTCATGAACC GCTACGTTTGAGCTACCACG 55
RM315 GAGGTACTTCCTCCGTTTCAC  AGTCAGCTCACTGTGCAGTG 62
RM72 CCGGCGATAAAACAATGAG GCATCGGTCCTAACTAAGGG 55
RM410 GCTCAACGTTTCGTTCCTG GAAGATGCGTAAAGTGAACGG 55
RM3805  AGAGGAAGAAGCCAAGGAGG CATCAACGTACCAACCATGG 55
RM36 CAACTATGCACCATTGTCGC GTACTCCACAAGACCGTACC 55
RM525 GGCCCGTCCAAGAAATATTG CGGTGAGACAGAATCCTTACG 55
RM60 AGTCCCATGTTCCACTTCCG ATGGCTACTGCCTGTACTAC 55
RM517 GGCTTACTGGCTTCGATTTG CGTCTCCTTTGGTTAGTGCC 55
RM8094  AAGTTTGTACACATCGTATACA  CGCGACCAGTACTACTACTA 55
RM212 CCACTTTCAGCTACTACCAG CACCCATTTGTCTCTCATTATG 55
RM1261  GTCCATGCCCAAGACACAAC GTTACATCATGGGTGACCCC 55
RM566 ACCCAACTACGATCAGCTCG CTCCAGGAACACGCTCTTTC 55
RM7 TTCGCCATGAAGTCTCTCG CCTCCCATCATTTCGTTGTT 55
RM416 GGGAGTTAGGGTTTTGGAGC TCCAGTTTCACACTGCTTCG 55
RM234 ACAGTATCCAAGGCCCTGG CACGTGAGACAAAGACGGAG 55
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RM316 CTAGTTGGGCATACGATGGC ACGCTTATATGTTACGTCAAC 55

RM493 TAGCTCCAACAGGATCGACC GTACGTAAACGCGGAAGGTG 55

1.2.3 MTIATIEARaNISANY

Uszliuanuvainatevmnaiugnssy  leeuvadunsussfiudnyaemenuninuag
anvuenaUTIIu Ineanvaengunn ldadsiainurainaty Shannon-Weaver Index

(H) BauInangms

S

H'= Zpi In p,

i=1

'
Ly

ng s = PUUBLAANULANF1IANUTUA NBUEAUWTAN

p; = dadruvesinuiustainuluanuuytiug AodIuILYRINA

LY

i = = £ = a4 X
A1 %UﬂﬁquﬁaqﬂﬁaqEJVliJ']ﬂGUULLa@\TﬂQF’\I'JWlIWa']ﬂV@']EJVKjQGUu (Fowler et al., 1998)

AATRLaUALDWeTLHa1n3S SSR Tagldlusinsu NTSYSpe V2.1 (Rohlf, 2002) wias
¥ [ . a & A o 1 a v a [ =~ W Vo1 <
Toyaiunuu binary lnguaudiduefiiuiadeiiuaniluniadnuuy vaazuuundy 1
deusnguauuaz 0 Weliusnguaufiduwe Awiumean Jaccard’s similarity coefficient
(Jaccard, 1908) uazdmnguAuduiuslagds unweighted pair-group method with

arithmetic means (UPGMA) Lﬁaa%fmmuimumu
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[

2. nsAadanwugndanwaznuudlussesdundn

2.1 NVAABILATNITODNUUUNITNAA DS

[ '
v =] = ¥

Wnadadiugiudomiununuliuasideygannuunnsmaniaiugnssudiuam 20
g uaziugn1sfdua 3 Wug lufiFoudio) duanslumsned 2 smnglunszansdaden
Tuanmlsuseu AugnsneINssssud unineideawaiuasuns neuualu 2 gansveass
fio gamnasmuax (F¥utifsswenasnnimaass) wasganaaeIn1snat Iunusumnges
LWUY CRD (Complete Randomized Design) #1uau 3 41 nsugndmiliiiveenudalaenss uay
dodudnengls 10 Yu vhnsaeunenliivde 10 dusenszans Tdlegns 15-15-15 Tudna 50
Alansusiols Thihfiseduauqauu (100% field capacity) audnifieny 30 Sumdsuan Saidu
nsnaaedlaglugamuauaednislihunfedisoidios duganeassnisuathviinissmrndu

na1 7 u vihmsdufindeya



A15799 2 gt nmhunAndeniugnusddlussezaund

ddudl g 1

1 Ala (Kilo) PI10
2 Yoaziie (Chor La Mai) PI13
3 anuum (Look Non) PI15
4 AEEULAS (Chuk Tium Dang) PI16
5 W91 (Hua Nadam) PI17
6 W@IUALAS (Eaw Mod Deang) PI120
7 ante (Look Kheoy) PI21

8 1291y (Majaanoo) P22
9 zuy (Chana) PI25
10 Juny (Mon Tom) PI31

11 anein (Look Dum) PI46
12 Jagunaaa (Alhamdulillah) PI09
13 24 (Kom) PI58
14 nils (Koo Ning) P64
15 anuan (Look Pla) PI70
16 l9n918 (Rai Sai) PI74
17 anidan (Look Pla) SK02
18 1wy (Khaw Mae) SK03
19 41791 (Khaw Dum) skod
20 lauun (Lep Nok) SKO5
21 F1venunus1il 1 (Pathumthani 1)

22 nv 15 (RD15)

23 110 N5TIUAIENS (Hom Thummasat)

15



16

2.2 msUuiindeya
2.2.1 anuduaulunszans

Tuiindeyaruiunulunszanagaveassmunuuazyanaaesiinsmiduneal 7 5u

A28 LA589 Delta-T Devices WET Sensor
2.2.2 agkuunsUagukUaswasbudng

JuinnsUasuLUaadludNInaIaINNIssuNISNAae 19U Taelrazwuuniy

Standard Evaluation System @115ut13 (IRRI, 1996) lngiis1uazldunAruuualandlun1sen 3

A15197 3 nslagiuunsiiuvesluluseuu Standard Evaluation System

No. score Score Description

1 0 Leaves healthy

Leaves start to fold (shallow V-

2 1 shape)

3 3 Leaves folding (deep V-shape)
a4 5 Leaves fully cupped (U-shape)
5 7 Leaf margins touching (O-shape)
6 9 Leaves tightly rolled

Standard evaluation system for rice (IRRI, 1996)
2.2.3 9RN@ULINUNWIAISINGD U

PHIRINNITNAADNAUNTULIAT 7 U AT AUFRE9MILaZLENAIUIINDDNAIINAITU

a

wazlu dluvibiwissnenisunlu incubator Mgaungil 70 esmwaidea WWuian 48 3lu9

Y

TUNNUNPTNLINITIN WALEIRY TUMIBAIUIUBRIIEIUITINARARULAE U
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2.2.4 YSunaundunms

dontAusegslunwsetadud Tuil 3 ¥nisiudiog19riaian 8.00-10.00 w1RA
laaslunasnnaaoswuin 15 Jaddns Unaliatdn vinstadningn (fresh weight: FW) 8819

a

057 Wuhndulsiaanleseul3ums 10 Jaddns Une uwasunfigamgiivienduan 24

Y

[ [
a a ! o

Flua elfluimgeinldifufinndulivinavauiudnlunsasunssuiivgfieduififaly
oon uwdwnthutins (turid weight; TW) mﬂﬁ?um%jumuiuiﬂauiﬁuﬁﬂué’auLﬂwau%’auﬁ
gamall 70 sarwadea Wuaan 24 Falus wdahludamidminus (dry weight; DW)
LU @nSRWO) 11ngnIn1TinAUiinaiidusing (Relative water content;

RWQ) (Amirjani et al., 2011)

RWC (%) = [(FW-DW) / (TW-DW)] x 100
2.2.5 Ysunaulnsau

Tausunalnsaulnednuuasioues Bates et al. (1973) thudegnsluuiunm 1 n5u
valudnlululssiumal udunsiegnsluldlunasaneassuuin 15 Jadans LAunsa
sulfosalicylic acid ALTLTU 3% (w/v) 10 HadanT e id1AULaZNTDIMIINTEAIBNTDN
Whatman we3 4 \fiu glacial acetic acid 1 #8305 wae ninhydrin reagent 1 fiadans uWaUNT
gaumgdl 95 earmiwaea Wunan 1 alus shmsugeufiselasnsuddnetndly ice bath uén
il toluene 2 fiadans wanliidniu Wegnmglinesiedrafintuaudsonmnives vhmstad
N3RANAULLES (absorbance) firuenAdy 520 wilung §me UV-visible spectrophotometer

Wsu g uANUINTUUaI N AUl uA 819 VTN SAUNNSIUAINLLUUTU

2.2.5 Usunumaslsilaa

Y [

Yausunumaslsiadlay tAudiagrelunuaveiedun Tui 3 Tdeunsalianzlulae

9

[

panagwuLdunaIstu azlaegslunTnugd 0.82 astawuduns Uil eg19luld

NaRANAABIIUIA 4 Jaaans LANa1s N,N-dimethylformamide (DMF) Usunu 4 iadans aslu

a

wasanaasmazUarliaiv dreluinulilundefigumgll 4 esruga@ea unan 24-48 42l

Y

=~ Y] a ¢ Y] 9 v ° a5 o S o N a A v vy
LW@aﬂ@ﬂa@IiwaaLLa5ﬂ@ﬂﬂu1ﬂ1ﬁLLaﬂ‘V]']a']EJﬂa@Iiwaa ‘ViaﬂmﬂuummiazmEJﬁL‘tJEJﬁﬁVIﬁﬂ@I@
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ada v 1

LA mauduturenaslsilad lagidinA1n1sgadunasnisLAIas Spectrophotometer 7
YRR 647 wag 664 wilwuns WAn1saendusadlufuIumUTInaesraslsiladsiy

¥ '
& 1 1 = al

nihodulsuiuvesnaslsiladranuiafuinly (NSU/A15194403) auni1sAtgA1uIuUSUI

[

AaelsTlad (quvi3 wazAn, 2503; Moran, 1982) suaunsdadl
Total Chlorophyll (g m™?) = [10.27(A647) +7.04(A664)] x vol /(Areax100)
5o A647 = AgauasimNEIAAY 647 uilulns

A664 = ANRALEINIANNLNIATY 664 UTUUAT

a

vol = Usunau DMF fildanmiiviheduliadans
Area = fuiwsululdadaiviiadumsasuiuns

2.2.6 NMs57lravesarsdaninslas

(% '
Y 1Y

fnguarululiaiuey Ussuna 0.5 wudwss Judruvessinkaslundastudinauni
aaumqll 25 ssrwaidea Wuan 15 wiiikazdildidainisinlii (Reading 1) wadannntiuii

Fudruvessluiudluhnduluduigaumgl 100 ssrwadea WWunad 15 wdl Hlilidu wes

Y

iluiaanisthlaidn (Reading 2) nasanntu dainsiluihitialaluunuailu gunisai

75715004 Dionisio-Sese and Tobita (1998)
Electrolyte leakage % = (Reading 1/Reading 2) x 100
2.3 MTBATIEININUGNULAS

WnsgrimiugnuuadasdeyanisiasayiulanarAmieasTive s uintuinula

(drought tolerance index) MUANNT

Drought tolerance index = (YsxYp)/ Yp?

d' & ! a a a o N a v - v &
e Ys AD F’nLﬂaEJﬂ']iLQimLWUIWﬂiaﬂqwqﬁaiijwEﬂﬂqﬂimﬂqﬁgsﬂqﬂuqﬁﬂaﬂwuquus]



1%
Y

Yp fa Aladen1sasyRulavseaIneassIng nelanizunfivesiugiug

Y

Yp fie Aedenisisyiiulanieanvaisiveinieldnnzunfvesniug

o - | v

ihARvinmuLsnInTziesausEnounan (Principal Component Analysis : PCA) S8
A9 hierarchical clustering analysis uagas1uNUAINAIILSIU (heat map) MeluswATY

Clust Vis software (Metsalu and Vilo, 2015).
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NaN1SNAaBILAZIANTA

Y

1. NM3AnEIAMUNAINANENIeRUINTTUYRT1IRUS LB

1.1 nM15d119mazAudla8a

=3 Y 1 v 6V & = & A X A % LY
%’]ﬂﬂ’]iLﬂUi’JUi’JQJW}@EJWQWUﬁﬂJW’JWULQJSQ&LUWUVﬁ@UVISLaﬁWUﬁ\‘i‘UaW&LULﬂJWWUVI 3 RWWIA

s

ToLn FMINEVAT  E19IATIIVTIUAIBEUINDNNDTEIUA  DUNDEATNTE B ULNDNTTWATUS

]

g1nedwmuas duNolesaval snnemuiles snnemalug Jminivas luwndunewdieings

guneUINNEYY BUNDUNKAT S1NBITEAY §1LNBAILTYY karTinuATATEITNTIY luundne

Ly fa o Y [ v v

YOI FIANITVOAINBYATIEIRUTININAUGIToT 1T Inivge  anunsasrusiniugiald

]

(%
[y [y Y [ v v [

123 Wug losuanueynsisi 86 Wug diugiudissfitiusiegalaaniiufidsninimas S1uau 10

9

WG 3 Tnawa 18 Wug JMIAUATAISIINIIY 3 Wug wasnuguTuUTIT11u 5 Wug

]

¥

Pnmsdnatuiuidmng wud inwesnsugniniiudiuidenioeas lWasuuUgnd

¥
v 6 Y

Wugusulganndu esnnuglalusaigenindiugiudes Wuideuluguilaadivaumn laely

]

Jwriarimas fnsugndnaiugdsdnenivgs draveudrusill 1 wasdnlsduediludnuinn uas

anudesiinunsugnizUgnlivilaaluaiaiseududiulny  ludminaswaninisugniaiugvey

LY o ]

Unusnil 1 uasdniugdaven dnluiundminuasaisssusvdnnevzedn deulgnirmeslume

¥ 4
[J [ a o

Faluiugnudewmiivedesadundeuluiuiy



M13197 4 18T uSU ST

1 Y

dy 1 e v A U 1
UsTieg 197 L tuag LiasnuIUIiIngng

21

L Ly Beiugin Fowugdnn undsfiined
BRI eV GHNTAIT
C (nwlnw) (Mwdangw) W
1 PI01 TUNIUA Ruong Yaw Deng WER
2 PI02 wviey Bao Hom mas
3 PI03 Y1Lvied Khaw Leong "R
4 PI04 nouTUNS Hom Cham "R
5 PI05 wAUTUNS Kean Chan "R
6 PI06 YoUdU Chor Plee khaw R
7 PI07 wainding Mea Muy maa
8 PIO8 Yoa9nin Chor Chang Wad mas
9 PI09 gadgiann HulHumdoulila mas
10 PI10 nla Kilo a3
11 PI11 Y19 Khaw Hor "R
12 PI12 39919 Nguang Chang "R
13 PI13 Yoavily Chor La Mai Mg
14 PI14 WAL Saan Ngam maa
15 PI15 qnuu Look Non a9
16 PIL6 LALUUA Chuk Tium Dang a9
17 PI17 WA Hua Nadum Mg
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19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

PI18

PI19

P120

PI21

PI122

P123

P125

P126

P127

P128

P129

PI30

PI31

P132

PI33

P134

PI35

P136

PI37

PI38

A1154
129977

LD IURLLAN

g1LALUN
YN
R
Juny

=3
LWaAY?
PADNLUN
MIULSU

UNKA

CNDa

Tantn

Do
2
)

F3UUn

Sam Ruong

Buang Khaw

Eaw Mod Deang

Look Kheoy

Majaanoo

Look Tor

Chana

Sai Chor

Chor Pud

Ya Ko Bao

Na Ta Wee

Leung Hom

Mon Tom

Maled Khaw

Lok Kheak

Wan Rean

Nang long

Kok Poh

Lum Hak

Si Rippa

e e e
= = = ¢ =¢ = = =¢ =¢ ¢ ¢ ¢
) ) ) ) o)) o)) o)) o)) o)) ) ) )
Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo

€
=
o))
Zo
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38

39

40

41

a2

43

aq

a5

a6

ar

48

49

50

51

52

53

54

55

56

57

PI39

P140

Pl41

P14z

p143

Pldaq

p145

Pld6

plar

P148

P149

PI50

PI51

P152

PI53

P154

PI55

P156

PI57

PI58

AU
foU
Rl
oL
NN
NOU
YU
anm
U
LA

=}
RGN
ABNNEBY
ABNUN

=3 v
VOULIATUY
Jollle
YNULYYU

2961

eDe
)}

\W0arala
UMD

BNV

UU

Korn

Dorn

Tai Dum

Keu Sor Khaw

Maay Ya

Pon

Ra Den

Look Dum

Deang

Sam Deun

Dok Pa Yom

Dok Kah

Hom Jed Baan

Chor Mai Pai

Nang Sean

Nang Dum

Koo Meung Leong

Poo Kao Tong

Dok kham

Kom

e e e
= = = ¢ =¢ = = =¢ =¢ ¢ ¢ ¢
) ) ) ) o)) o)) o)) o)) o)) ) ) )
Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo

€
=
o))
Zo
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58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

PI59

P160

Pl61

P162

P163

P64

P165

P166

Pl67

P168

P169

PI70

PI71

PI72

PIT3

PI74

PI75

PI77

PI78

PI79

71918
6§ o
YIRIEA
A9
U
ALAIN
Y1 ILWU
21937

A o
ABLLYEAN

WIAINAE
lsnse

anuan

Chong Nang

Chor Lung

Ree Bu

Tang Wai

Nang Hong Dum

Koo Ning

Kra Dang Nga

Kao Pan

Nang Ma

Keu Sea Dum

Chor Ta Nee

Look Pla

Look Pung

Kleab Bua

Wak ya

Rai Sai

Look Pla

Poo Yoo

La Boo

Khaw Pom

e e e
= = = ¢ =¢ = = =¢ =¢ ¢ ¢ ¢
) ) ) ) o)) o)) o)) o)) o)) ) ) )
Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo

€
=
o))
Zo
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78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

PI80

PI81

P182

PI183

p145

P185

P186

p187

P188

PT11

PT12

PT13

PT14

PT15

PT16

PT17

PT18

PT19

PT20

SKO1

U980
NHNIY
TUAY
JELAUY
ARMALIN
Healns
NUROJ
W&Ln
a5aa8
witleam
Felnen
@uun
iReaadLn
543
glng
@uun
Bes
Felnen

<
bUNNB

Khaw Rak

Nang Loy

Puang Wai

Kan Tang

Ra Den

Kla Nak

Meung Sai

Moh Aroon

Sae Mah

Saan Suay

Neaw-Dum

Sang Yod

Lep Nok

Tia Malay-Daeng

Riceberry

Ya Sai

Lep Nok

Chiang

Sang Yod

Khem Thong

=¢ =¢ =¢ =¢ =¢ ¢ ¢ ¢ ¢ ¢ =¢ = = =¢ =¢ ¢ ¢ ¢
o)) o)) o)) o)) o)) o)) o)) o)) o)) o)) o)) o)) o)) o)) o)) o)) o)) o))
Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo Lo

€
=
o))
Zo

GBI
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98

99

100

101

102

103

104

105

106

107

109

110

111

112

113

114

115

116

117

118

SK02

SK03

SKO4

SK05

SK06

SKO7

SK08

SK09

SK 31

SK 32

SK 34

SK 35

SK 36

SK 37

SK 38

SK 39

SK 40

NK 01

NK 02

NK 03

andan
YUY

STgeloh

duun (Malug)
feinen
nouUyu

nad

duun (Sand)

lovaea (selun)

f2)))

Nouue

2D
b}

NOUI
Wilgeu

LRGN
iy
andan (yunay)
I1vieu
Prudunes
nouila
nouluing

=3
bAUUN

Look Pla

Khaw Mae

Khaw Dum

Lep Nok

Sang Yod

Hom Pathum

Malay

Lep Nok

I-Chiang

Hom Mali

Hom Rachinee

Mlea-Hom

Chor-Lung

Kaw-Neaw

Look-Pla

Kao-Hom

Kem-Thong

Hom Nil

Hom Bi-Toey

Lep Nok

AN

AN

GAKN

GAKN

GAKIN

GAKN

GAKN

GAKN

aduan

AN

GBI

advuan

GBI

GAKIN

GAKN

GAKIN

GAKN

YASATTITUITY

YATAITITUIY

YATAITITUITY

26
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119 RD41 nv 41 RD41 WugusuUs
120 TUO1 Y1veussIUAEns  Hom Tummasart WugusuUs
121 RD15 nv 15 RD15 WugusuUs
122 HPO1 rvenUnus i 1 Patumthani 1 ugusuls
123 RD 6 nv 6 RD6 ugusuls

1.2 MARTgviauaInatenIeiugnssulaeaseamineliana SSR

Ly

ATIFERUANNTAINTAIENITUENTIULALTY SSR primers 97u3u 20 ¢ (1157497 1)
WlHluufAzen PCR avrvaeundndueifidonsmeinsosdianlaslsda uazaieniniaufiouie
a ¢ a g av v v I . aa
Anszviuauidueila Ineldlusunsy NTSYSpe V2.1 wiasdayailuiuy binary lngwaufidu

A o o v a & = ) v I3 « 4' 1 =
i uiafenuAnduniladnyae Taazuuudy 1 Weunnguauiay 0 Waliusinguaud
DU AINMIAT Jaccard’s similarity coefficient uagdnnguauduiuslangds unweighted

pair-group method with arithmetic means (UPGMA) Lﬁ@ﬁ%’]flL@HI@%LLﬂiNﬁQLLﬁqugﬂﬁ 4

s v

3INN1FILATIENAIIUNAINNANYVDINUFNTTUT 1IN UL BITIWIN 53 WUT Al

9

w3emuneluana SSR 9113w 20 lnsiues wudn Tiesesnuneluiana SSR 411w 4 Tnswes

Tawn RM60, RM260, RM316 way RMA16 TﬁLLauaLﬁuLaﬁlﬂLmei’mﬁ’uiwdwﬁué
(monomorphic) kagdiiaTesnuneluiana SSR M lMAnuouAEwe A uLAnsAne Ty
(polymorphisms) $1u3u 16 nsiues #a RM219, RM263, RM315, RM72, RM410, RM3805,
RM36, RM525, RM517, RM8094, RM212, RM1261, RM566, RM7, RM234, RM493 yilittiauay

[
v

LHULDYINUATIUIY 59 kAU TI1LIULaUAL UL TRARalNSINeS 2-6 oy Taslnsiuas RM410

ho))}

Ly

TSRO URALBWEEIER A 6 WAU AIAIIUAAIBATINUNIAUTNTIUTVEIT1INY 53 dreiug

o

AduUsEaNSANvileu (Jaccard’s similarity) 8¢5¥1319 0.28-0.91 (5UN 4) Ineiduuseans

(%

AumEeuindy 0.4 waz 0.5 awnsaudsdiugiuilesladu 7 nguuaz 14 ngumuasiy

(miwﬁ 5)
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0.28 044 0.60 075 091

Coefficient

JUT 4 1aulasinsu (dendrogram) wansmnuduiusvesiugiiuiliesnndeyaninuduiusainiaTeaany SSR 91U3U 20 1AT8IVINY
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a A o sw oA Ao a £ & o
A1919N 5 518YDNUTUI 7 ﬂaqilLll@LLUQW&NUigaWﬁ?’\QWNL‘ViiJa‘LILW']ﬂ‘U 0.4

]

v 6

nau? SRiveiN [ivotine

9

1 36 W rundes (PI03) uiuduns (PI05) Yodawin (PI08)
gagugdaavi (PI09) Ala (PI10) gnuuvi (PI15) 90
Weguuas (P116) Wauen (PI17) Uasdna (PI19) 102
UaLe (PI120) gnive (PI21) wzany (PI22) gnso
(PI23) agug (P25) enlaLun (PI28) Indeavie
(PI30) stumat (PI31) wiuiFeu (P134) wrauas (PI35)
anvin (PI37) gnein (P146) mentn (PI50) idleevians
(PI55) w3yl (PI58) Yoge (PI60) Nila (PI64) N52AeT
(PI65) gnuan (PI70) gnita (PI71) nduth (PI72)
wnue)1 (PI73) gnuan (PI75) Yg (PI77) gnian
(SK02) uvs (SK03) 41aen (SK04)

2 1 9ug Yoazily (PI13)

3 4 W uaa (PI47) @nsifiou (PI48) ansane (PT11) lauun
(SK09)

4 4 yiug uad (SK08) Ye (PI77) dadnen (SKO6) a1y
(PI78)

5 6 g 1deu (PI79) 11350 (PI80) weany (PI81) Wi9
we (PI82) fius (PI83) aawitin (PI85)

6 1 9ug \éuun (SKO5)

7 1 9ug viouia (NKO1)
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U d‘ 1 dl U a Q‘ = 1 U
quLuameauﬂizammmmmaumm‘u 0.5

N SRivell! WUgUN

1 18 Wug G1UnH8g (PI03) WAUIUNS (PI05) NTEAIN
(PI65) 413wy (SKO3) gnan (PI46) nild
(PI64) fisloaniadg (PI55) Wauen (PI17) U
417 (PI19) vy (PI58) 4044 (PI60) 4ALAY
(P120) gnive (PI21) uzany (PI22) gnao
(P123) Supa (PI31) wdoswon (PI30)

2 9 ug dadugiaany (PI09) Ala (PI10) gnuum
(PI15) a¥ug (P25) enlalun (PI28) midesviau
sriuien (PI30) wiewas (PI35) din (PI37)

3 3 1iug dadenin (PI08) u19nas (PI35) gnuan
(SK02)

4 2 g BN (PI50) $1261n (SKOA)

5 4 Vg gnuan (PI70) gnils (PI71) ndut (PI72) gn
Uan (PI75)

6 1 9ug Yoazily (PI13)

7 2 g wAs (PI47) @nasiou (P148)

8 2 fiug a1seny (PT11) lduun (SK09)

9 4 Yiug uad (SK08) e (PI77) dadnen (SKO6) a1y
(PI78)

10 1 9ug 1deu (PI79)

11 4 g 41730 (PI80) wsaey (PI81) Wiy (PI82)
s (PI83)

12 1 9ug A mtin (PI85)

13 1 9 iéuwn (SKO5)

14 1 9ug viosila (NKO1)
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[

2. nsAadanwugndanwaznuudlussesdundn
2.1 Mmaivdeyan1sasaiulnuazaiing Tuan 1A UANLAZAN1IZIAY
2.1.1 anuuulunsza

PnMsinanuduiulunszaniieinimeasuaiinudl luganaassniuny AuTUly

ns¥andiAn 27.7+1.27% uwagluganaaeualinuil Anusuaulunseasdidianawnde 2.3+0.7%
2.1.2 pzsuunsidsulaswesludn

nnshirzuuunsisusUamadutnimamininismeasinsy 7 Tu wud Tugannass
AuAuiIlasudANn Tranniusiluanysel liusingnsthuvesly eglussauasuuu 0 luvasiiyn

NAARININTINUT 7 Tu 91uge19 waneniswdsuudavedly (3U7 6) laenunisdiuvediuly

eUR19T e P1iugviensIIUAEns Tue LInsig ILauas gnive uazgnuan (SK02) dasuuu

€

v o [y

n1stuvesly 3.00, 3.00, 3.67, 3.67, 4.33, 4.33 lay 4.33 AUa16U wANANogNdTYE Ay uT1

U = 1 =

Wugdu (U7 5) wansliiuindane 7 siugiinann nsdhuveduleafiofisuiuiugou 417

Wugazuy wazgnen Trzuuunistiuvedlugean Ao 9.00 way 8.33 MuEWU (5UN 5) wandlitiiudi

Tutnvisaeaiug 9 losuransevuannisaniuniiagn azsuunsthuvadly
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10.0
a ab
9.0
8.0 c c
L bc bc c be be be bc be be c
o 70 C
g
on 6.0 d
£ 5o . d d
O 40 y
Y= d
©
8 3.0
2.0
1.0
0.0
(@) \9) L \O M~ (@) ~ N LN ~ O (@)Y [oe] <t (@) <t AN o < [Tg) ~ L 2
= =2 O 2 20§ N N A o d o !nmoErEQ QL = < 38
[a [al [al [a [al [a [a [a [al [a [a [al [a [a [a [al %) %) N N S (o) ©
c @ £
i= £
£ 5
=} c
£ =
Varieties a g
T

a

U7 5 Anadeazuuunisidsuwlamaslutidiesdiunisaniy 7 Ju (PI10: Ala, PI13: doavdy,

PI15: gnuuyivi, PI16: 9nifigauns, PIL7: 93uen, PI20: Lenuauas, PI21: aniue, PI22: ugany, PI25:

[y a

avuy, PI3Luny, Pl46: gnen, PI09: dagunaaan, PISS: wy, Pl6d:Qlis, PI70: gnuan, PI74: 13
318, SK02: gnuan, SKO3: 41umuz, SKO4: 41ae, SKO5: tduun, Pathumthani 1: 413mey
Unusni 1, RD15: Hom Thummasat: 413esss5umans) §r8nwsnwdanguiiunnsiieiu uanii

TANUWANANAUNTEAUAIUTBLU 95% Wag error bar k@na standard error of the mean (SE)
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Drought Irrigation Drought Irrigation

Drought Irrigation

sUN 6 nswdsuwdasveslutulleniunisaun 7 Ju lag Irrigation fis YnnaaesmIuANiinisii

11 Uag Drought A YANARBINIHINTTIAUY 7 T

2.1.3 9RS1@ UL IMUNWIAIS NGB bU

A o [

maiudeyadnsdiminuiisnaslu nui Tuannegildsudinuiiugdnisnsdu
Wmtinuresnselu 0.30 - 0.68 laeilAaduag 0.45 uawiilasunisenl sns1d@mdmnuiesn

moluegsendng 0.39 - 1.35 (5199 7) duwildufiuduiloweuifiguiugnnnassniuny Lilex1u

o A w 1

msmdunan 7 Ju daiugasue waggnanddnsduihntinuiisnssluiiniian lnediawindu

1% '
a = IS

1.35 waz 1.07 suaisu AnduilasifudNiiuduilioilSauiisuiudnsiarutvdnwissinselu
182.09 uag 228.76 mua1RU (131971 8) WuganUaniiuesigudnisiiiuduvesdnsdiunminuis

snselusnniign lnedeviniu 281.75
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'
Y 14 | aa

9N TAUUIMTNWAITINABLUATUETITAEN waneIdsINuN waziinwdlduaenuay

LY

v Y vy saa 1w I3 ! o w H 2 o W H
LL“QLL@QI@@ﬂQWWUﬁQWNQWUQH L‘Wir]gi']ﬂLﬂuajuaqﬂfQIUﬂqiﬂﬂu’]m@QW% miﬂiumiuam%‘m@m

[ ' (%
A [y o

TnenmsAsniinsasgdulag asfiuszuunneey Wielwlifiuaasuilaunn Fadunalnnismu

Y

14 1 = ] Y] e a ¥ 1 b4 1 LYY 44
uasegnanilevesiia nmsudssnianasluluaulaunn wazunnszanelauinazdiglunisusudaali

NUNTUFBAVIUWAUASLALN wagtiinaaunsalunsgau1aIndu (Tumer, 1986)

2.1.4 YSunaulnsau

v a1 1

Usualnsaussguluanzndnlasuiniawnnananuluwpasivus Inelianoegse1ing 0.88

9 Y

ISP 1

- 30.88 pg/g FW Wisdmegluannzvimi Ysunalnsiuiadulunniug Ineiia1egsening 20.10

Y

o & saa

- 109.41 pg/g FW siugdnae sfupu Ala gnuuiivi uasioauauns luiugifivsunalnsdugelu

9 9

anmzunin Inefausiiu 109.41, 107.92, 106.30, 106.15, 101.94 pg/s FW augsiu (513 7)

v 6

defiansanesidudnmsiistuveauinnalnsduUSeuiflsuannzudsivannzaugu wuin Wug

9

AlafiesidudnsiinduresSunalnsdugean Andu 12025.48% waziugimuiaiinisiuauves
Insdusnan Wiy 17.85% (115199 8)

msazaulnsdududiiudesmiafiuandiiiuinivedluannseien Madlluannizaien

v '
o IS

11 Welhluduitvanasagdwmadenuisdndseninduiuiiy sibiinludugngaluldlaieeas e
iluAuarastsaai lulgladesunn Uinluagress Uaieannisaeun (@dui, 2537) Tluns

9

Snwdndvesunaziinszuiunsusuussiueealufnngluwediielinwaunsasyiulauas

o aa v v 5 dy d! d‘ YJQ.II A A = a

Mseinegla Nilinsruiunsvilsinulamiluae Nvazinisazanasuaviinlugivesansavany
wiu Insdu lnadu dmu nsmduvdduavihaanislulalanatadu asiu nsavanlnsaudsdddudn

1 dgj U U Y a ¥ A ¥
Ustrnuansalunsusumliinnsnundasiale

2.1.5 nmslvravesarsdianinslad

nsnlvavesansidninsladusvenivaninenudemevesdeiuwaanieluiivnlasu
anmzua lnenuinnisilvavesansddninsladngluluiinunussAuanusuusivesaniig

L AlFS Ul Rsvanewin Wy neuesing (Hu et al, 2010) f28as (McKersie et al., 1996)

&7 (Franca et al,, 2000) 917@"4 (Bajji et al, 2001) nwwl (Lima et al, 2002)
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MnHanIsTanomyT Masntvhlinstaluavesansdidninsladlutfisdu uandiii
famudsmeveudefuadiiinannsvat (sl 7) Tasaniazeaiwiliiugila st
waveazily finisiilnavesasdidningladigs Tnaflawindu 29.90, 22.13, 19,68% nuddy
(51971 7) ilerlFeuifisuiugavaasinua wui $1vusila suss uaziduun (SKO5)
Wosiuinafisduvesnmsiilavesarsdidninslasiaean Andu 293,81, 247.16 uaz 216.85%

(miwﬁ 8)
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M151991 7 Sasddmdnuiinsielu Usinalnsdu waznissiluavesansdidninsladluganeass

AIUANTENISIII (Imigation) wavyanAaasiinisenl (Drought)

Root to shoot

Proline content

Electrolyte leakage

Varieties ratio (Hg/g FW) (%)

Irrigation Drought Irrigation  Drought Irrigation Drought
PI10 0.52¢0¢f 0.40" 0.88" 106.30% 7.59% 29.90°
PI13 0.41% 0398 2.33 98.73%¢ 7.34% 19.68>
PI15 0.462°<%F  0.49°%8 2.58 106.15% 8.16° 10.93%%
PI16 0.48%cdet () g39f 1.45° 95.35%¢ 6.46% 6.86°
PI17 0.492bcdel ) 7gbedef 18.19%%  21.44" 6.14%° 6.53°
PI20 0.48%cdel () 5gefe 6.38" 101.94% 5.07° 6.97°
PI21 0.30°f 0.550¢f 1.09° 72.65¢ 6.74% 9.07%
PI22 0.42°<d" 0 ggedef 1.88f 88.01°< 6.74% 9.36%
PI25 0.4gebcdet 1 3gabcdef 2.63 98.92% 5.75% 14,020
PI31 0.34%¢f 0.619¢ 2.53 107.92% 6.38% 22.13%
Pl46 0.33%" 1.07%c¢ 2.94" 102.53%¢ 4.73° 9.65%
PI09 0.42°c" 0 ggbed 30.88°  91.34%C 5.28% 7.89°
PI58 0.38cdef 0.71¢def 24.16° 8452 4.93° 10.32%
Pl6a 0.39<0¢f 0.48°" 1.93f 95.67% 5.84% 6.53°
PI70 0.27° 1.020< 14.83¢ 9234 5.48% 5.70°
PI74 0.320¢f 0.79Pcde 14.33¢  48.18° 5.44% 8.47°
SK02 0.51%cde (550 14.83¢ 2230 7.75% 7.57°
SK03 0.65% 0.43°% 23.17°  98.09%C 6.41% 13.29%%
SKO4 0.49%<de" (398 20.55°4  109.41° 6.45%° 12.04°%
SKO5 0.61%¢ 0.520f¢ 14.21¢  93.11%"¢ 5.73%® 18.16°
Pathumthani 1 0.55%cd (519 15.70%  29.76" 6.49%° 6.66°
RD 15 0.420«def () 5edefe 14.67°  53.28° 6.00% 6.56°
Hom Thummasat ~ 0.68° 0.579¢f 16.30%  20.10" 5.01° 5.50°
Mean 0.45 0.56 10.80 79.92 6.17 11.03
CV% 2376 37.07 83.84 38.39 15.19 55.66

'P110: Alla, PI13: Yoaedle, PI15: gnuuvivl, PIL6: Inifieuuns, PI17: e, PI20: Ladsiauas, PI21: gnive, PI22: iy, PI25: agug,

PI31:fumy, PIA6: gnen, PI09: Sadundaan, PISS: v, Pl6A:nds, PI70: gnuan, PI74: lsnsne, SKO2: gnuan, SKO3: dmumae,

SK04: 1961, SKO5: 1&uunN, Pathumthani 1: $19meuUyus1dl 1, RD15: Hom Thummasat: 4191015 35UAENS

P R VRV v o L = v d 4 < Y aa , )
ADAUUNEINUY FIDNYINTHIDINOBVANANNUY KEAIINNAMULANANNUNTEAUAIULTBUU 95% M85 Duncan’s Multiple

Range test
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M15719% 8 Woesiudnsiiniuvesdnsdnhuinuissnasly Usunalnsdu uwaznisslwavesans
duanlnsladluyanaaesiiinisemu (Drought) WeiTeuliisuiuganaaesniuausingslyn

(Irrigation) Tudmaiuga1e

]

Root to shoot Proline Electrolyte

Varieties
ratio Content leakage
PI10 -23.60 12025.48 293.81
PI13 -5.07 4131.43 167.98
PI15 6.73 4009.03 33.97
PI16 31.40 6490.78 6.28
PI17 60.18 17.85 6.40
PI20 21.32 1497.86 37.33
PI21 82.46 6585.58 34.62
PI22 63.54 4572.92 38.79
PI25 182.09 3656.58 143.73
PI31 80.85 4165.48 247.16
P46 228.76 3387.41 103.90
PI09 109.23 195.77 49.37
PI58 84.16 249.80 109.36
Pl6d 24.57 4856.99 11.81
PI70 281.75 522.80 3.89
PI74 149.28 236.24 55.70
SK02 6.35 50.38 2.36
SK03 -33.35 323.40 107.19
SKO4 -21.56 432.32 86.72
SKO05 -13.95 555.24 216.85
Pathumthani 1 -6.39 89.58 2.72
RD 15 35.39 263.21 9.27
Hom Thummasat -15.54 23.33 9.80

'PI10: Alla, PI13: Yoaesly, PI15: gnuwisi, PIL6: Iniieuuas, PI17: siaunen, PI20: Lasauas, PI21: gnive, PI22: 1gany,
PI25: azug, PI31:iuny, PIA6: gnen, PI09: dasundaan, PISS: vy, Pl6d:)s, PI70: gnuan, PI74: lsnane, SKO2: gnum,
SK03: drauviaty, SKO4: Fagin, SKOS5: Lduun, Pathumthani 1: 419meudnusid 1, RD15: Hom Thummasat:

Y1IVOUTTTUANERNS
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2.1.6 Usunwumaslsilaa

[y

Tuanneilasuihusununaslsiladianuavestinniusiiaadeegn  381.19 ¢/m? e

o
(% € Aa

N340 UsunaumaslsilaanuniiAadsanasnde 351.55 ¢/m? 41ugnis gnuan (PI70) nuls5

s I

uagveNsIIUMmEnslUsINRaelsTadasgailadinisenn Tnedlanvindu 541.12 ¢/m?, 525.87 ¢/m?,

Y 9

[ 7 '
Y Ly

481.53 ¢/m? uaz 44557 ¢/m? aua1diu (m3197 9) Medlaziulainviad@iudiiviinaeaslsitad

[V 7
Y

NauaLiuduLsTouiisudvanenlasuiiung  adonadunsizilaiinaniizuintinusunng

(% ' [

JNunINe  easlsiaddsdnunlunig

(3

Yosgadanatlesnniiansayideunliuisdiy hlviead

wasumIialumernlmAnnssufuluiiuitaunidsIeuiisuivan e nlasutidun  n1sin

[

USinaeaelsilaatunihie  o/m?  Fefldwdindu  silenvandusiyiaildmunsanlunsianaann

ANMULASIATILAANIINATSVIAUILINEN  kAEeIRLTNITIATASTINISAIATIZAABLAINUNITIAUTU Y

(%
[ Ly v

Aaplsiiad dmsunimeaedassil MuginnlasuransenuINNIsVIREININTan ki 91fazdn?

duun fuSinaunaslsiladanas 43.01% wag 40.68% Augsy (9151991 10)

[
[y

USunaumaslsiladuivanisnansenuiintuiunssuiun1sduasisisnisuasnisluiy - Cha-
um kagAne (2010) eeuitraslsadlutiiugrenduns Uvusill 1 way nu6 TUsunuanadile

agluannzuinyl  Weusinumaslsiladanasizdwmaanysednsnmlunsduaseiuasvesiumey

[
LY 1

Fedanavilin1sasaiulauesdnnie 3 swuganas wenanldmuinlsueaslsiadnglulunag
nsasAulsvesisvaneviinanasdslasuaniizeiatnguile (Parida et al, 2007) 912@7@
(Loggini et al., 1999) uagaysn (Sapeta et al., 2013)

v 6

2.1.7 USunasndunmns

[
Y [

USunahduiusiduia indrdgyfuansliiiuieninuaiuisalunisusuia uazn1ssnuiseau

Tusuialuseninansifinan1izv1ain 31NN15NAaeIAsItnydn TNugeusIsNmans Unusiil 1
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a1 [

wagiua asnsasnwseiulSinanhdinslagega dawindu  73.02%, 86.12% uay 84.3%,

o Ay v A 1 Y LY < v o a a Y o w o I
AU/ IMU iummzmmawuqﬂia YoALUY UURU LAUUN LLammmuﬂimmmauwmmqma 18.409%,

v 6

17.21%, 17.26, wag 7.27% sUd16U (15199 9) WaansaulesiduinisanasvasuSunanidusing

[y Y

Wugiuey wagdindin1sanasuesSunandninsuniiga Wiy 80.51% wag 92.12% Aua1diu (

M5797 10)



A13197 9 YSuaueaslsilag wasUSuahduivsyaneassaiununiinisgl

NAaReNIn1sInUn (Drought)

41

(%

w11 (rrigation) kazyn

Total chlorophyll

Relative water

Varieties content (g/m?) content (%)
Irrigation Drought Irrigation Drought
PI10 397.823d 319576 87.00%¢ 18.40"
PI13 367.6120 331 54°7 65.66° 17.210
PI15 32250 265.48%" 72.76% 40.30°
PI16 426,723 315.47¢fn 89.86°° 57.gbcde
PI17 446.60°°¢ 356.249 92.27% 87.68°
PI20 370.00%° 298.84h 87.45%¢ 65.42°¢
PI21 311.06¢ 325.53¢ 74.85°%€ 59.02b<
PI22 345.17°%°¢ 424,564 89.94°° 66.16¢
PI25 347.68%¢ 391.60°f 88.06%°¢ 33,750
PI31 358.11°bd 378.34def 88.55%° 17.26"
P46 348,220 3149887 88.12%¢ 42.63%f
PI09 361.4920<d 284,38 89.86°° 52.32¢de
PI58 393,310 233 53N 93.67° 53.83¢de
Pl64 402,593 541.122 90.37% 48.64°%f
PI70 445.380¢ 525.87% 79.70b<d 65.08¢
PI74 481.682 351.42defsh 82.75%d 64.54°¢
SK02 458.00°° 382.60°f 83.012b<d 84.32
SK03 447.83¢ 350.919f 85.675¢ 27.07%"
SKo4 342,26 195.05' 92.19% 7.27
SK05 333 93bd 198.08' 84.123b<d 26.85%"
Pathumthani 1 381.04%> 373.37¢def 86.52%¢ 86.12°
RD15 348,38 481.53%¢ 80.792b<d 55.65°<d
Hom Thummasat  329.93° 445 572b<d 86.022b¢ 73.02%°
Mean 381.19 351.55 85.18 50.01
CV% 12.79 25.91 7.94 46.72

IP110: Ala, PI13: Yoaesly, PI15: gnuwivi, PIL6: anifleuuas, PIL7: saunen, PI20: Lauaua, PI21: anive, PI22: 1g31y,
PI25: 9zug, PI31:aTumy, PIA6: gnen, PI09: dasundiaan, PISS: vy, PI6d:)ia, PI70: gnuan, PI7d: lsnsne, SKO2: gnum,
SK03: 1aumaly, SKO4: 4136, SKO5: lduun, Pathumthani 1: 413meuUnusadl 1, RD15: Hom Thummasat:
U1IVRUTTIUAENS

2podutiiieaiu fdnusnwdinguiinaneiiy wansidanuuansetuiissdueadediu 95% ¢e38 Duncan’s

Multiple Range test
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a s & a a o a T v o Aa
A157199 10 WosldurnisanawesUiununaslsiladianuauazUsunaduimsluganaassiisinig

a1 (Drought) WawSsuiieuiuganaasspiuauniinistua (rrgation) Tudnaiugsineg

]

Total chlorophyll content

Varieties Relative water content %
(g/m?)
PI10 19.67 78.85
PI13 9.81 73.78
PI15 17.68 44.61
PI16 26.07 35.68
PI17 20.23 4.97
PI120 19.23 25.19
PI21 -4.65 21.15
PI22 -23.00 26.44
PI25 -12.63 61.67
PI31 -5.65 80.51
Pl46 9.55 51.62
PI09 21.33 41.78
PI58 40.62 42.53
Pl6d -34.41 46.18
PI70 -18.07 18.34
PI74 27.04 22.01
SK02 16.46 1.53
SKO03 21.64 68.40
SK04 43.01 92.12
SK05 40.68 68.08
Pathumthani 1 2.01 0.47
RD15 -38.22 31.11
Hom Thummasat -35.05 15.11

IP110: Aila, PI13: Yoaesly, PI15: gnuwivl, PIL6: anifleuuas, PIL7: saunen, PI20: Lauauas, PI21: anive, PI22: g3y,
PI25: 9zug, PI31:iuny, PIA6: gnen, PI09: Sasundaan, PISS: vy, Pl6d:)Ts, PI70: gnuan, PI74: lsnane, SKO2: gnum,
SK03: 1aumaly, SKO4: 4136, SKO5: lduun, Pathumthani 1: 413meuUnusadl 1, RD15: Hom Thummasat:

Y1IVOUTITUAENS
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2.2 NMTAATIEAMIRUTNULEIABABTNITNULAY N153LATIEN hierarchical clustering analysis
wazA1sIATIZBsAUsZNBaURan (Principal Component Analysis : PCA)

2.2.1 ftinuLas (drought tolerance index)

'
[y [y a

sudnunanduamdeildlunsiessiviiudanieldaniizdise Tneunfnugiiien

]

1Y A 1Y

Audinuudsgeanduiuginuniusean nunseaudalandedeuiuiiugndmdvdnuwawinndi wilu

[
[y

nsAnwIASell ArtnuldailaannnisAunuaInAdnyuzage) Anldagiansanunazdnvuyly
WASIZUNENBUENITHANANIUILAWETUNITNULAY LU USU1auranlsilad wardnsadlutinminum
516810 LAUINSNEUEIINTANNNTUILUST IATIUD AU DD ULRDENITMAY WU N5 lnavesans

Sianinslan vseaziuunsasulUasanuuzluidudu

s

winfirsansvinuidnawialannlnueaslsiiad wuin Wuggnuan (PI70) 1u
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Varieties Total Relative water  Proline  Root to Electrolyte
chlorophyll  content content shoot ratio leakage
PI10 0.95 0.35 0.50 0.82 3.06
PI13 0.83 0.15 1.97 0.77 3.79
PI15 0.58 0.40 2.35 1.09 2.34
PI16 0.92 0.71 1.18 1.49 1.16
PI17 1.09 1.12 3.34 1.85 1.05
PI20 0.76 0.79 5.57 1.39 0.92
P21 0.69 0.61 0.67 0.81 1.60
PI22 1.00 0.82 1.42 1.39 1.65
PI25 0.93 0.41 2.23 3.16 2.11
PI31 0.93 0.21 2.34 1.01 3.70
Pl46 0.75 0.52 2.58 1.70 1.20
PI09 0.70 0.61 24.17 1.84 1.09
PI58 0.63 0.69 17.50 1.33 1.33
Pl6d 1.49 0.60 1.58 0.92 1.00
PI70 1.61 0.71 11.73 1.32 0.82
PI74 1.16 0.74 5.91 1.21 1.21
SK02 1.20 0.96 2.83 1.38 1.54
SK03 1.08 0.32 19.47 1.38 2.23
SKO4 0.45 0.09 19.27 0.93 2.03
SKO5 0.45 0.31 11.33 1.56 2.73
Pathumthani 1 0.97 1.03 4.00 1.38 1.13
RD15 1.15 0.62 6.69 1.15 1.03
Hom Thummasat 1.01 0.87 2.80 1.90 0.72

'P110: Aila, PI13: Yoawdle, PI15: gnuud, PIL6: IniiBuuns, PI17: 3116, PI20: Letunuas, PI21: anive, PI22: 1s31y,
PI25: 9zug, PI31:alupy, PIA6: gnen, PI09: dasundiaan, PISS: vu, PI6d:)ia, PI70: gnuan, PI7d: lsnaie, SKO2: gnum,
SK03: F1auming, SKO4: §1361, SKOS5: Lduun, Pathumthani 1: 419meuunusnd 1, RD15: Hom Thummasat:

F1IVOUTITUFANENS
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2.2.2 MTAATIEN hierarchical clustering analysis Taglgpauiinuugs

INNTATNUNUNINAINTOU (heat map) LazN1TILATIZA hierarchical clustering aaldan
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AN 12 N1TATIZRIAUTENOUMAN Principle component analysis (PCA) Tngldaduiinuas

Parameters PC1 PC2 PC3 PC4 PC5 PC6
Total chlorophyll content 0.37 0.23 -0.30 -0.80 0.31 -0.10
Relative water content 0.61 -0.04 0.03 0.16  -0.03 0.77
Proline content -0.10  -0.60 0.58 -.0.30 0.40 0.14
Root to shoot ratio 0.15 -0.60 -0.60 0.32 0.38 -0.20
Electrolyte leakage -0.50 0.40  -0.20 0.14 0.62 0.41
Leaf rolling score -0.50  -0.30  -0.40 -0.40  -0.50 0.42
Eigenvalue 2.40 1.32 0.99 0.76 0.38 0.12
Variation (%) 0.40 0.22 0.17 0.13 0.06 0.02
Cumulative (%) 0.40 0.62 0.79 0.92 0.98 1.00

2.4 N153LAS1H hierarchical clustering analysis Lagn153tAsIzRRIAUsENOUNAN (Principal

Component Analysis : PCA) TagldA1a1nn15anluan1asuiaunds
2.4.1 NMTIATIEH hierarchical clustering analysis laglgAannsinluan1Iguirinas

NNTATIUHUNNAINTDU (heat map) Lagn15ILATIZYA hierarchical clustering Tngldan
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M19199 13 N1953LATIEYe9AUIENOUNAN Principle component analysis (PCA) Taaldanns

LW3AulauazaITINe lUAN1IZUAS

Parameters PC1 pPC2 PC3 pCa PC5 PC6

Total chlorophyll content  0.27 0.36 -0.90 0.01 -0.10 -0.10
Relative water content 0.54 0.07 0.16 -0.01 -0.20 0.81

Leaf rolling score -0.40 0.45 -0.04 -0.20 0.63 0.39
Proline content -0.50 0.20 -0.01 -0.40 -0.70 0.16
Root to shoot ratio 0.06 0.75 0.36 0.50 -0.20 -0.20
Electrolyte Leakage -0.40 -0.30 -0.30 0.74 -0.10 0.35
Eigenvalue 3.13 1.38 0.75 0.46 0.17 0.10
Variation (%) 0.52 0.23 0.13 0.08 0.03 0.02
Cumulative (%) 0.52 0.75 0.88 0.95 0.98 1
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Abstract

The study was conducted to determine and to compare the effect of drought on morphological
and physiological changes of local lowland rice varieties. Seven local rice varieties including Kilo, Hua
Nadum, Eaw Moddeang, Chana, Rai Sai, Look Pla, Kao Dum and one commercial variety, Pathumthani 1
were investigated. Seedlings of each variety were exposed to daily watering and 7-day water withholding.
Relative water content, proline content, chlorophyll content, root:shoot ratio and leaf rolling were
measured. The result showed that relative water content and chlorophyll content were significantly
declined whereas proline content and root: shoot ratio were significantly increased in response to water
deprivation. Comparing among varieties tested, Hua Nadum, Look Pla and Pathumthani 1 showed better
performance of physiological responses which indicated drought tolerant potential. Kao Dum was sensitive
to drought as total chlorophyll content and relative water content were dramatically reduced upon
dehydration and root:shoot ratio remained unchanged under drought so that the ability to absorb water
was not enhanced to survive or to grow during drought condition. These results could be beneficial to
breeding program for drought tolerance in rice using local varieties as genetic materials.

Keywords: Drought stress, local rice varieties, physiological responses

Introduction

Rice (Oryza sativa L.) is the primary food
source for almost half of the global population and
accounts for 35-60% of the calories consumed by 3
billion people in Asian countries (Brar and Khush,
2013). Rice production, however, has been affected
by extreme weather, especially by drought,
stemmed from climate change. Most of rice field is
rainfed lowland without irrigation system to

Thailand,

approximately 50% of total rice field is rainfed

compensate rainfall  shortage. In

lowland where rainfall is the solely source of water.
Therefore, long spell of dry weather and low
rainfall loss in rice

annual can cause major

production. Insufficient water supply adversely

affects every stages of rice growth, for example,

drought in vegetative stage, flowering stage and
reproductive stage causes 50.6%, 76.7-83.7% and
63.1% yield reduction, respectively (Jinmeng et al,,
2018). One of the most effective strategies to
overcome this problem is developing genotype with
drought tolerance (Mackill et al., 1996). In breeding
program for commercial drought tolerant rice,
genetic materials with the ability to withstand low
level of soil moisture are needed. Local varieties
provide a good source of those materials and the
elite varieties can be identified through screening
method. Apart from vyield, morphological and

physiological responses to drought can be used to

pinpoint varieties potentially tolerant to drought
(Fang and Xiong, 2015).
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Under water-deficit condition, a series of
mechanisms occurs to alleviate the effects of
dehydration. To evaluate the potentiality of drought
resistance,  characteristics such as  proline
accumulation, chlorophyll content, photosynthetic
rate and antioxidant enzyme activities have been
used as indicative parameters. In rice, the increased
level of proline, an osmoprotectant amino acid,
following water deficiency has been reported in
drought and salt tolerant genotypes (Chutipaijit et
al, 2011). The high concentration of proline in
stressed plants may help to retain water status
which

performance. Also, exposure to water stress leads

could result in preferable  growth
to a significantly adverse effect in chlorophyll-
contents which subsequently results in reduction in
photosynthesis (Chutia and Barah, 2012; Zhang and
Kirkham, 1995). Therefore, rice genotypes capable
of maintaining chlorophyll content under drought
stress is desirable. Chutia and Barah (2012) screened
seven traditional rice varieties from Assam, India
and found that the best drought sustaining varieties
including Laodubi, Leserihali,
Borah

concentration of proline and maintain higher

Beriabhanga and

were able to accumulate higher
chlorophyll content under PEG-induced osmotic
stress. Similar results were reported by Swapna and
(2017).

relative water content, cell membrane stability,

Shylaraj Antioxidant enzyme activities,

photosynthetic pigments, proline content and
growth characteristics of 42 high-yielding varieties
under drought condition were determined. Among
those rice varieties, Swarnaprabha and Kattamodan,
with better

membrane stability, osmolyte accumulation, and

higsher relative water content,
antioxidant enzyme activities, were identified as
drought tolerant varieties. In this present study,
seven local rice varieties and one commercial
variety were evaluated for adaptive responses
under drought condition aiming to identify elite

cultivars for drought tolerance in vegetative phase.

48

Materials and Methods

The experiment was conducted in the
greenhouse of Faculty of Natural Resources, Prince
of Songkla University with the duration of 37 days.

Plant materials and experimental design

Seven local varieties including Look Pla, Rai
Sai, Eaw Moddeang, Chana, Kao Dum, Kilo and Hua
Nadum, kindly provided by Pattalung Rice Research
Center, and one commercial variety (Pathumthani
1) were used in this present study. For an
establishment of seedlings, approximately 30 rice
soaked in distilled water for 24 h. After

germination, the three-day-old seedlings were then

seeds were

transferred to the pots containing 6 kg of top soil
and thinned to 5 plants per pot. The pot plants
were arranged in a completely randomized design
with ten replicates. The plants were irrigated for 30
days by daily watering and thereafter 3 replicates
each were assigned to one of two treatments; the
(well-watered)

control and those exposed to

drought by withholding of water for 7 days.

Measurement of relative water content
The third fully expanded
collected during 8-10 AM from each treatment. Leaf

leaves were

sample were cut into 1 cm long and rapidly kept in
the pre-weighted tube. The fresh weights of the leaf
samples were immediately recorded. The leaf
samples were then rehydrated by submerging in
distilled water for 24 h at room temperature in
darkness. The full turgid weights (WT) of the leaf
samples were determined following by incubating
the leaf samples at 70 °c for 24 h for dry weight
measurement. Leaf relative water content (RWC)
was calculated the following formula
(Amirjani, 2011):

RWC (%) = [(FW-DW) / (TW-DW)] x100

Where, FW is leaf fresh weight, TW is leaf turgid

weight and DW is leaf dry.

using
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Measurement of proline content

The leaf samples for measurement of
proline content were immediately submerged in
liquid nitrogen after being harvested for storage.

Proline content was measured as described
by Bates et al. (1973). A total of 0.5 g fresh weight
of leaf was ground in liquid nitrogen, extracted in 10
ml of 3% sulfosalicylic acid and filtered through
filter paper England). After

filtration, 1 ml of the supernatant was mixed with 1

(Whatman no. 1,

ml of glacial acetic acid and ninhydrin reagent. The
reaction mixture was incubated in a water bath at
100 °C for 1 h. and subsequently terminated by
placing the tubes in an ice bath followed by mixing
with 4 ml toluene. The absorbance at 520 nm was
measured by spectrophotometer. The proline
concentration was determined from a standard

curve and calculated on a fresh weight basis.

Measurement of chlorophyll content
Leaf samples of 0.82 cm® were excised
from the third fully expanded leaves with 3

samples. Measurement of chlorophyll content was
performed by soaking leaf samples in 4 ml of DMF
for 24 h at 4 °C in dark room. Spectrophotometric
measurements of chlorophyll content were made
using spectrophotometer. The absorbance was
recorded in triplicate for each sample at 647 and
664 nm simultaneously in order to determine
total chlorophyll content, which was expressed as
g/m” (Moran, 1982).

Measurement of root:shoot ratio

After irrigation treatment, 37 day-old plants
were collected and cleaned. Plants were separated
to root and shoot and were dried in incubator at 70
°C for 48 h. Dry weight was measured for calculation

of root:shoot ratio.

Standard Evaluation System for rice scoring
Scoring of visual drought stress injury and

growth reduction of rice seedling treated with water

deficit in plant was performed using the Standard

Evaluation System of rice as shown in Table 1.

Table 1 SES scoring system for recording drought scores based on symptoms (leaf rolling at vegetative

stage)
Score Description
0 Leaves healthy
1 Leaves start to fold (shallow V-shape)
3 Leaves folding (deep V-shape)
5 Leaves fully cupped (U-shape)
7 Leaf margins touching (O-shape)
9 Leaves tightly rolled

Source: Standard Evaluation System for rice (IRRI, 1996)

Statistical analysis

The data were analyzed by correlation
coefficient and mean values of three replications
were compared using Duncan’s Multiple Range Test
(DMRT) at P < 0.05.

Results and Discussion
Leaf rolling score

After 7 days of water withholding, all rice
varieties exhibited altered leaf shape. According to

recorded leaf rolling score, Pathumthani 1, Rai Sai

49

and Hua Nadum showed the lowest leaf rolling
score of 3.00, 3.67 and 3.67, respectively. Chana
maintained the highest leaf rolling score of 9.00
(Table 2). These results were similar to those
reported by Swapna and Shylaraj (2017). The range
of leaf rolling score of 3.00-9.00 was observed in
the 17 Indian rice varieties exposed to 28 days of
non-irrigation. The long period of water withholding
was reported by Swapna and Shylaraj (2017) was
possible as the greenhouse used in the screening is

open system which might allow some humidity for
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indicated the wide

variation among rice varieties in terms of responses

rice seedling. Our results

to water deficit which subsequently allowed for

selection.

Table 2 Average leaf rolling score of rice varieties under drought condition

Varieties

Average leaf rolling score

Kilo

Hua Nadum
Eaw Moddeang
Chana

Rai Sai

Look Pla

Kao Dum
Pathumthani 1

6‘33b1/
3.67°
4.33°
9.00°
3.67°
4.33¢
7.00°
3.00°

Y Average numbers with different letters indicate significant differences at P<0.05 according to DMRT.

Root:shoot ratios

All the varieties showed consistent trend
for root:shoot ratios in drought condition. Water
deficit induced the increased root:shoot ratio. In
control irrigation treatment, no significant difference
between root:shoot ratios among 8 varieties was
observed. The variation of root:shoot ratios was
found in drought condition (Figure 1). The most
dramatically enhanced root:shoot ratio in response
to water deprivation was detected in Chana

followed by Rai Sai (Table 3). Xu et al. (2015)

proposed that drought-triggered root:shoot ratio
increment was closely associated with the higher
proportion of dry matter and soluble sugar in roots
stemming from the increase in leaf sucrose-
phosphate synthase and root invertase activity,
which allowed for more sucrose available for
transport from leaves to roots. The high root:shoot
ratio indicates well adaptive mechanism of plant
under water deficit condition to maintain high rates
of absorption of water. Therefore, Chana and Rai Sai

were preferred varieties.
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Figure 1 Root:shoot ratios of 8 rice varieties under drought and irrigation conditions

Data are presented as means of three replicates + SD. Bars with different letters indicate significant

differences (P < 0.05) according to DMRT among varieties under drought treatment.

Proline content
Accumulation of proline content following
exposure to drought was observed in all rice

varieties. Under control condition, significant

50

difference of proline content was found among
varieties but generally low (Figure 2). Under drought
treatment, Kao Dum, Kilo, Eaw Moddeang and

Chana showed the highest fold increase of proline
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content while Hua Nadum showed the lowest
(Table 3). Proline generally acts as osmoprotectant
and accumulation of proline following stress has
been documented in various plants, especially in
tolerant genotypes (Fedina et al., 2002). The proline

content of drought stress seedling inThai rice
varieties including KDML105, Dang and PT1 were
56.6%, 72.6% and 19.1%, respectively, higher than
control (Chutipaijit et al., 2011).
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Figure 2 Proline content of rice varieties under drought and irrigation conditions. Data are presented as

means of three replicates + SD. Bars with different capital and small letters indicate significant

differences (P<0.05) according to DMRT among varieties under the control and drought treatment,

respectively

Table 3 Percentage increase of proline content and root:shoot ratio in drought treatment in relative to

control irrigation treatment of each rice variety

Varieties Proline content (%) Root:shoot ratio (%)
Kilo 11,979.55 -29.41
Hua Nadum 17.87 61.38
Eaw Moddeang 1,497.81 21.23
Chana 3,661.22 183.22
Rai Sai 236.22 156.52
Look Pla 50.37 6.49
Kao Dum 432.41 -2.70
Pathumthani 1 89.55 -6.06

Total chlorophyll content
The
chlorophyll

significant  differences in  total

were demonstrated in all water-
stressed rice varieties compared to those under
irrigation except for Chana and Pathumthani 1. In
the

chlorophyll content were observed with Rai Sai

irrigation  treatment, various levels of
showed the highest amount of chlorophyll. In the
drought treatment, the lowest chlorophyll content

was in Kao Dum (Figure 3). In term of percent

51

reduction of chlorophyll content, Kao Dum and Rai
Sai showed the highest percent reduction of 43.01%
and 36.98%, respectively (Table 4). As chlorophyll is
important for photosynthesis, the ability to maintain
high content of chlorophyll can be implied that
photosynthetic rate of that plant is minimally
affected. Therefore, Pathumthani 1 and Chana were

preferable.
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Figure 3 Total chlorophyll content of rice varieties under drought and irrigation conditions. Data are

presented as means of three replicates + SD. Bars with different capital and small letters indicate
significant differences (P < 0.05) according to DMRT among varieties under the control and drought

treatment, respectively

Relative water content

Water withholding for 7 days significantly
reduced relative water content of Kilo, Eaw
Moddeang, Chana, Rai Sai and Kao Dum. Hua
Nadum, Look Pla, and Pathumthani 1 were capable
of maintaining relative water content (Figure 4). Kao
Dum and Kilo were severely affected by drought
condition as relative water content was reduced for
92.11% and 78.85%, respectively (Table 4). Relative
water content is a main indicator of the level of cell
and tissue hydration, which was necessary for

120

advantageous physiological function and growth
(Colom and Vazzana, 2003). Crop productivity under
water stress is also dependent on relative water
content and osmotic potential. The study of
drought tolerant and susceptible rice varieties, PR-
115 and Super-7, respectively, reported that relative
water content was decreased by 25% in PR-115 and
33% in Super-7 during the 10 days of drought
indicating that the drought tolerant variety was able
to retain higher relative water content (Khan et al.,
2017).

100

W Control

Drought

= =

Relative water content (%)

Figure 4 Relative water content of rice varieties under drought and irrigation conditions. Data are presented
as means of three replicates + SD. Bars with different small letters indicate significant differences
(P<0.05) according to DMRT among varieties under drought treatment
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Table 4 Percentage reduction of relative water content and total chlorophyll content under drought and

control condition of 8 rice varieties

Varieties Relative water content (%) Total chlorophyll content (%)

Kilo 78.85 19.67

Hua Nadum 5.01 20.23

Eaw Moddeang 25.19 19.23

Chana 61.67 -12.63

Rai Sai 22.01 36.98

Look Pla 0.85 16.46

Kao Dum 92.11 43.01

Pathumthani 1 0.46 2.01
Conclusion

Water deficit generally decreases Bates, L., Waldren, R. P. and Teare, I. D. 1973. Rapid

chlorophyll and relative water content but determination of free proline for water-stress
increased proline accumulation and root:shoot studies. Plant and Soil 39: 205-207.

ratio. In case of physiological responses of eight
tested Hua Look Pla

Pathumthani 1 showed drought tolerant potential

varieties Nadum, and
as these varieties were able to maintain high
chlorophyll and relative water content during
drought period. Even though, root:shoot ratio and
did

dramatically increase upon water deprivation, their

proline content of these varieties not
ability to maintain water status within plant was still
superior. In contrast, Kao Dum was sensitive to
drought as total chlorophyll content and relative
water content were severely reduced following
Also,

unchanged under drought so that the ability to

dehydration. root:shoot ratio remained
absorb water was not enhanced to survive or grow

during drought condition.

Acknowledgements
This

Genetic Conservation Project under the Royal

project was supported by Plant
initiative of Her Royal Highness Princess Maha Chakri
Sirindhorn and the Royal Scholarships under Her
Royal Highness Princess Maha Chkri Sirindhorn
Education Project.

References

Amirjani, RM. 2011. Effect of salinity stress on
growth, sugar content, pigments and enzyme
activity of rice. International Journal of Botany
7: 73-81.

53

Brar, D.S. and Khush, G.S. 2013. Agricultural
Sustainability.  PP.  151-175.
Academic Press.

Chutia, J. and Borah, S.P. 2012. Water stress effects

on leaf growth and chlorophyll content but

New  York:

not the grain yield in traditional rice (Oryza
sativa Linn.) genotypes of Assam, India Il
Protein and proline status in seedlings under
PEG induced water stress. American Journal of
Plant Sciences 3(7): 971-980.

Chutipaijit, S., Cha-um, S and Sompornpailin, K
2011.  High
anthocyanin increase protective response to

spp.
Australian Journal of Crop Science 5(10):
1191:1198.

Colom M.R. and Vazzana, C. 2003. Photosynthesis
and PSII functionality of drought-resistant and

contents of proline and

salinity in Oryza sativa L. Indlica.

drought-sensitive weeping love grassplants.
Enviromental and Experimental Botany. 49:
135-144,

Fang, Y. and Xiong, L. 2015. General mechanisms of
drought response and their application in
drought resistance improvement in plants.
Cellular and Molecular Life Sciences 72(4): 673-
89.

Fedina, L.S., Geogieva, K. and Grigorova, L. 2002.
Light-dark changes in proline content of barley
leaves under salt stress. Biologia Plantarum 45:
59-63.

2. WYMIANSaYAIATUNT 6 (4): 47-54
Songklanakarin J. Pl. Sci,, 6 (4): 47-54



Sovannarun et al. (2019)

IRRI. 1996. Standard evaluation system for rice. g
edition. Manila: IRRI. 52p.

Jinmeng, Z., Shigiao, Z., Min, C., Hong, J., Xiuying, Z.,
Changhui, P., Xuehe, L., Minxia, Z. and Jiaxin, J.
2018. Effect of drought on agronomic traits of
rice and wheat: A meta-analysis. International
Journal of Environmental Research and Public
Health 15: 839-851.

Khan, F, Upreti, P., Singh, R., Shukla, P.K. and Shirke,
P.A. 2017. Physiological performance of two
contrasting rice varieties under water stress.
Physiology and Molecular Biology of Plants 23:

85-97.
Mackill, D.J., Coffman, W.R. and Garrity, D.P. 1996.
Rainfed lowland rice improvement.

International Rice Research Institute, Manila
Philippines, 242 pp.

Moran, R. 1982. Formulae for determination of
chlorophyllous pigments extracted with N, N-
dimethylformamide. Plant Physiology 69: 1376-
1381.

Swapna, S. and Shylaraj, K. 2017. Screening for
osmotic stress responses in rice varieties under
drought condition. Rice Science 4(5): 253-263.

Xu, W., Cui, K, Xu, A., Nie, L., Huang, J. and Peng, S.
2015. Drought stress condition increases root
to shoot ratio via alteration of carbohydrate
partitioning and enzymatic activity in rice
seedlings. Acta Physiologiae Plantarum 37(9).
https://doi.org/10.1007/s11738-014-1760-0

Zhang, J. and Kirkham, M.B. 1996. Antioxidant
responses to drought in sunflower and
sorghum seedling. New Phytologist 132: 361-
373.

54

2. WYMIANSaYAIATUNT 6 (4): 47-54
Songklanakarin J. Pl. Sci,, 6 (4): 47-54



