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Abstract

Phosphorus (P) deficiency has been identified as major factor limiting rice
yield throughout the world. The traditional way to alleviate P deficiency is the
application of P fertilizer. However, more than 90% of added P fertilizer may be
rapidly transformed to the forms that are not easily available to plant or fixed with
soil particles that ledge to P deficiency of plant. The objective of this study is to
screening to P deficiency tolerant and validation Pup-1 gene linked markers in Thai
indigenous upland rice germplasm. One hundred and sixty eight upland rice varieties
were used as materials for greenhouse screening with solution culture method with
and without phosphorus nutrient. Traits related to P-deficiency were recorded such
as plant symptom score, leaf dead score, tiller number, root and shoot dry weight.
The data were transforming to the percentage of dry weight reduction and
phosphorus deficiency tolerance index (PDTI) for varieties classification. The results
from non-applied P shown that genotypes and season are causes for different in
tiller number, shoot dry weight, root dry weight and total dry weight, root/shoot
ratio, % dry weight reduction and plant symptom score. Moreover, the genotypes x
season interaction was highly significant in tiller number, shoot dry weight, root dry
weight, total dry weight and plant symptom score. The plant symptom score was
negative correlated with tiller number (r= -0.293*¥), total dry weight (r= -0.291**),
shoot dry weight (r= -0.356**) and root dry weight (r= -0.216**) while positive
correlated with dry weight reduction percentage (r= 0.361**). The result indicated
that plant symptom score can be used as selection criteria for P deficiency tolerance
screening in rice. Moreover, indigenous rice germplasm can be derived into 6 groups
by PTDI. Based on plant symptom score and PDTI, twelve indigenous upland rice
were identified as highest tolerance varieties including ULR031, ULR260, ULR124,
ULR305, ULR180, ULR026, ULR145, ULR176, ULR183, ULR185, ULR186 and ULR213

were selected in addition 1 of lowland rice line (PLD) was also identified.

The validation of Pup-1 linked gene with 9 markers including Pup1-K42, Pup1-
K43, Pupl-K46, Pupl-K52, Pupl-K41, PSTol-1, K1, K5 and K29-1 were demonstrated
that each upland rice varieties were appeared the expected band ranged from 0 to 9
markers. However, the relation between markers and tolerance ability were low. The

most efficiency markers that can be distinguish between tolerance and susceptible



lines is KI and K29-1. Moreover, some indigenous upland rice lines such as UIR183
and ULR213 has the high tolerance ability without Pup-1 linked gene product. Those

varieties were suit for future study for P- deficiency genes.

Keywords: Phosphorus deficiency tolerance index, Harvesting index, Root dry weight,

Yoshida solution
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2.1. Wugtnly
nsneaedtuasall laldareiugdnls wazdnuaudiuiu 168 ateiuguszneuly
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iy 1aliugnisin 2 meugee anauas (SKN)  wag weduwna (PLK)  draunaiusiug

9

n1381 2 aestug fo nu6 (RD6) uax vozAlia (HMLN) wasidowugnssudnlsiudiesdn
164 anesiug anuvasgninlsinyseme Wy Swmiadoslng e mesysal dogil was
ngs 1lusiu

2.2. FmsUszliuanunumusienisuiasaeanesaluaninlsasou (Greenhouse
evaluation) Tul 2559 wag 2560

aneiugin anun 168 aneug thunssdiuanunumusenisnnsiareanssa
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Fuvihmsneaedlasianismaasseaniiu 2 ya Ae yanUAY (Auasazatsemsund)
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2)  nsnudeyadnumieniinisinues aue laud Suuniesens
(tiller number; TN) A23g3 (plant height; PH) drudnustagiu (shoot dry weight; SDW)
Brondnuesnn (root dry weight; RDW) thwiinusiesaa (total dry weight; TDW) thoidnusis
st R edY (root/shoot ratio; R/S) waidesidudihuinuiisfianas (% dry weight
reduction; %DWR) lufuilieSaduntsaassuasndeandahminuiSeudosuda

2.3 Ussiflupuduiudvasmnumunuiuieesmneluanaiideslosiudu Pup-1
flseamlunmunudennumsnasawealesa

yihnsdindaegdluin 0.3-0.5 nfu ergsundiuszanas 2-3 & undaeeee
lulpsiaumainainnisanaduenieds CTAB a1diswes Doyle and Doyle, (1987)
mﬂﬁ?umwaaw'%mmuazammwmmﬁL'Sw,af?ha agarose gel electrophoresis Udsa1nusu
Uinamnududuvesiidue Sailuvinufaten PR Auedesmneluianaiidoulosiudy
Pup-1 fissaulumsmunuseaunisuasgweaneda (s 3)  udmaaounm
WANFAN9YDINSAALAUALDULDAIETD agarose gel electrophoresis La3eTUANHANTTIAN
MOUALOWLD

2.4. MTUATIZANANITNAADY

NTIATIENTRYARINWUTUTIU (Analysis of variance, ANOVA) m1UUNUNNS
NARBILUY RCBD Wisuilsuaadelngds DMRT (Duncan’s Multiple Range test) uagld
anwaly TN, PH, SDW, RDW, TDW uag R/S ainnsnaasdluanmuniuasaninein
Woanesd WAL filmnunumuienisuiareanada (phosphorus  deficiency
tolerance index; PDTI) é’m%’ﬂﬁﬁﬁﬁLLuﬂL%aﬁuqﬂﬁsm%nléﬁuLﬁaaﬁﬁm PDTI fiumnsnediu
warlianvianduiussenindnualnemendulssansanduius () frelusunsu R (R-
language and environment for statistical computing and graphics) version 2.13.0
(Venables et al., 2009)
15190 1 MSLBENENS01IS Yoshida (1976) dwuugnmaaeudntluansazany

i . USnnsiidesnis

Stock (AR grade) SRR
500 ml 1000 ml

Stock 1 NHNO3 Ammonium nitrate, N 45.7 91.4
Stock 2 NaH,PO4H,0 Sodium phosphate monobasic 17.8 35.6

monohydrate, P
Stock 3 K,SO, Potassium sulfate, K 35.7 714
Stock 4 CaCl,2H,0 Calcium chloride, dihydrate, Ca 58.6 117.2
Stock 5 MgSO,4 7H,O Magnesium sulfate,7-hydrate 162 324

Stock6Micronutrient consist;



M15199 1 NMSWSENERTIMNS Yoshida (1976) dmTulgnnageudniluasasaty

Stock (AR grade) Foan ol VRIS
500 ml 1000 ml

MeCls, 4H,0 Manganese chloride,4-hydrate, Mn 0.75 1.5
((NH4)sM0704,4H,0) Ammonium molobdate,4-hydrate, Mo 0.037 0.074
ZNnS0Oq,7TH,O Zinc sulfate,7-hydrate, Zn 0.175 0.35
HsBO; Boric acid, B 0.467 0.934
CuSOy,5H,0 Cupric sulfate,5-hydrate, Cu 0.155 0.31
FeCl,6H,0 Ferric chloride,6-hydrate, Fe 3.85 7.7
C¢HsO7,H,0 Citric acid 5.95 11.9
H,SO, Sulfuric acid 25 50

dlodeaniswieuansazatee1ms 50 ans Iildansavansusias stock 9 av 62.5
fladans naufunazUsuUsaasle 50 dns wddsuu pH Teglusesiu 4.8 - 5.2 Stock 7
wisedlFanansaeglalaiiAu 2 ieunazansazanomsiinauaiaudrannsaeglilsiiu 1
\hou

M19197 2 AIALLUUANUNUNIUABNITVINT M WBANDTE YBIRULIINULINTTIUVES
A0NUUITYTNIUINNTR

Score Observation Tolerant level

1 Growth and tillering nearly normal Highly tolerant

3 Growth and tillering nearly normal; older Tolerant
leaves reddish-brown, purple, or orange whitish and rolled
yellow

5 Growth and tillering retarded,; Moderately tolerant
many leaves discolored Only a few are

elongating

7 Growth and tillering ceases; most leaves Susceptible
discolored or dead Some plants drying

9 Almost all plant dead or dying Highly susceptible

f47: IRRI (2002)
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No.  Primer names  Sequences (5-3) References

1 Pup1-K41 Forward TeATeAATCCATAggACAgCgT Chin et al,, 2010
Reverse TCAggTgeTeCTTCgTTegTA

2 Pup1-K42 Forward CCCgAgATTCATCAgAAgEA Chin et al,, 2010
Reverse AgTgAgTegCgTTTgCgAT

3 Pup1-K43 Forward AggAggATeAgCCTeAAgACA Chin et al,, 2010
Reverse TCgCACTAACAgCAgCAGATT

4 Pup1-K4d6 Forward TegAgATAgCCgTCAAGATCT Chin et al,, 2010
Reverse AAggACCACCATTCCATAgC

5 Pup1-K52 Forward ACCgTTCCCAACAGATTCCAT Chin et al,, 2010
Reverse CCCgTAATAgCAACAACCCAA

6 K1 Forward AgTCTegATggACAACTCTegCCTe Chin et al,, 2011
Reverse TgCTAgCTCATTgCCgTTACETCg

7 K5 Forward ATTCAgACATCgACgeCgAC Chin et al,, 2011
Reverse TCCTCgTAAACATgeCTTgC

8 K29-1 Forward ATggCCAACggggTAgAg Chin et al,, 2011
Reverse gTCCAgeTAACCACgAgeAA

9 PSTOL1 Forward ATeCTeCTCTgTCAAAggeCAT Mukherjee et al., 2014
Reverse CAAgCTCAAAGCCCTTTTggTe




(3) Wan1TNAaBILazanUIe

unnaesll IivinsUssiiuderugnssutilsiudowionumumusonisnasg
woaneosaluszuzndn menmeasuluaisazats lasvinnisegeulu 2 U Ae 2559 uay
2560  antufudoyauariinneinnuunniswesdnvediane léud Siuaumissens
(tiller number; TN) A4 (plant height; PH) dhuednustadiu (shoot dry weight; SDW)
dminuesin (root dry weight; RDW) dronuriesn (total dry weight; TDW) 8n51d7u
gt minuienaet mtinuiady (root/shoot  ratio;  R/S)  n1shiAzuuueInizvIa
Woaneda (plant symptom score; SS) uaz wWeddusiminuisfianas (dry weight
reduction percentage; %DWR) "Léjmamii/lmaaﬂﬁﬂﬁ

msvaaedludiinis (2559) wuin dnwese TN PH RDW SDW uaz TDW Ay

a

LANADE198IMN9EDR Nalunisneasdluannuninazvianeanasa Tuvued R/S lufiaw

o w

WANANVNNEDRUANNUNG wsidlauunnsnsegsiitedABaanatluanimuianoanasa

'
v a

YUz SS war DWR fanuwanaanuag1aiidedfndanisaniluaninuiaoanssa Tnglu

o

v
IS o LY Y =

ANSNAADIATIN é’u%’mﬁﬂgﬂiuamwmmWaaWa%’ammia@awaqumummam 47.74 % 1319
Wiguiuan Inung (m15199 4)
n1sNeaasluland (2560) WU anwaie TN PH RDW SDW wag TDW fiany

(%
aa o

LANF19E198aNsanfNslunIsneaadtluannunfvazvianeanasa Tuamed R/S  Tau

[ a

LANFINUB g1 drdAN1ER A luan wUnAwasluan wuaneaneasa vaueh SS way DWR

>

o w aa

fnruuansnsiuetheditodfameadaluanmanaeareda lnglunsnaaosaded fuinai
Ugnluanimuianleanesafinmsanasuestihmiinuiis 34.14% eifieufuaniwuni (nssdi
4)

nansAaewaetd wud Sanuuanetussarinediivhnimmnaes Ssasdiula
Tulusn fivazuaninnuguusswesnsvianoanasagnit 9nadsdansalsnind Ss il
WU 4.04 uaz 3.28 AUAIRU FenaninsziauLUTUsIuTI (combined analysis)
WU Wugia (6) wazdivihnsdnw (5) fdwsiliiAnanuuandisturemndnwasfivh
n9iiATest uenaniu Saiavesufduius (G x S) lunndnwageniiu R/S Tuanimund
TN R/S uay DWR luanimenaleaneda (a7l 4) anuanismaassaziiiulditaneiusin
finasednuazing 9 Aeuisgilneiannzluanmuiemeanosadsiiianuuususm (CV) og
239 7.3 89 15.9 Wosidud

NHANTITNAABIREUlAIN NMsuanseNsRen1sIaveaneSaunnasiuluaiy 9
Snway Tadoradlesindusnaniivhmanasots 2 efuendnsfulaewui Sguvnfiade
TulsaSouunndnaiufle 4 ssmwaidoa (32 ssmwaBoaludiivis uaz 28 ssmiwaidea lu

Uiao9) dawalimuguusavesniswanioinisvadluuanseiu wenantudaziuldaine

(%
o

Umtnuissin (Tow) Tuanmianeanesalulusniinussnilassiiswiaintadeniu
paunadvinlidniladn uenanndunavesnisuianeanssadidinanon1slasytAulnuDIN

9 Y



(Marschner, 2012) dwwaliminnisszasnisiasaifivln Tudlauindnas wazannisuanne
(Dobermann and Fairhurst, 2000) Lenaniuagiulaintveinuiadu (SDW) Tuaninans
WoamlaSaiinmsanasumnsrsnnanindnd feiunisly Sow Dudnuaeiiddydnvuemiad
swannsaldlunsdaidenanefusidanununiudenisvaeanesals (Aluwihare et al,
2016)

oglsfinunsussidudenugnssudiiuinn e1afifedidndes suussanw uas
fufidmunmaaes lnedinslddnvasiidudouniernsiawasdsufiuoniduluenadu
guassalunismaass Metuisnsmdnuusiidanuduiustudeldidusdiedaidon
yadaufsiiliannsaiinimeassiuidorugnssusiuausnnls

Tunsmeassadsll WEvinsmssanduiusseninednuarng q Aldnanllud
19au Tuanmuninazvianeanada nan1sinszi wuil luanmuianeanesarinzuy
(5O fmnuduiudidsaufusaumiesons (= -0.293*) twidnukasay (TDW) (= -
0.291*) thwfnuiadu (SOW) (r= -0.356%) wagrimidnusiesin (RDW) (r= -0.216%) (An514
7l 5) Fauanslidiuin vwevesiuiingwiediiminuiann feuduiusiuauaansely
NINUNIUFDNITVIANDEN DS donAdDINUANAUNUSITIVINTENINN SC - U DWR (1=
0.361%%) (371 5)  Fawansd aneRussouneazinisanasvesiminuisunn vield
annsasyiulaldvinfumeiusinunu denndostussaues Wissuva and Ae
(2001) fi93u1831 Srurunisusnneiinnuduiiusfuauaiunsalunisgaduveanasa
uanaINtu Aluwihare et al. (2016) feduieifianfuittvans 4 wusannsounnnaldd
Tuanwwavleanoda n1sifia ROW L‘fJumammﬂmaﬁﬁmé’fmnmﬁmﬁuﬁﬂaé’mﬁaﬁlumi@m
Fusmenslvnnigaluanimiiviauaay (Raghothama, 1999) fivfiadaAulaluan miis
nsvialeanetansiinalanssdenisanasvoniminuia Faldninaniannisgada
Woanaiatiues (Wissuwa et al., 2005)

Rnmsnaaeaniulidn SC druduiusiudnvarsy q SnanInuasneau a

ansaldanvae SC WWudhglunmsdadenioiugnssudduuuinlunisyssiduaiig
nunusensvInneanatald



M1399 4 ANTIATIENANLLUTUTIUTINVRIANRAEYRaNBaIEse o neldanmuni (AP) wavvinsaeanasa (NAP) Tul 2559 uag 2560

2559 2560 Combine”

AP CV(%) NAP V(%) AP CV(%) NAP  CV(%) AP CV  NAP v
Traits' S G SXG B S G SxG (%)
Tiller 3.13% 235 228" 252 275% 310 183 179 wme %49 e e g g
Plant height 84.08"* 9.5  4357* 89 64.71% 237  44.91** 17.9 NA NA NA NA NA NA NA NA
SDW 1359 460 045" 283 1.20% 397 057 44.0 T [ T |
RDW 0.51% 346  041% 257 0.31% 511  037%* 367 L Y S O &
TDW 1.86%  39.0  0.85%  23.2 1555 392 0.94% 367 X T A
RSR 040" 471 097% 300 0.27* 619 075% 563 % pg 125 % % s 93
sC NA NA 404" 282 NA NA 328 329 NA  NA NA NA  * % e 73
DWR (%)  NA NA  47.74% 418 NA NA  34.14%  97.1 NA NA NA NA * % ng 159

1 H o Y H Y] % H @ v o H ) v 9 | H Y] v
SDW=1AtnwAeAu, RDW=11911nwites1n, TDW=tntinuiesiy, RSR=andmtnntnuiesn/au, SC=Anzuuun1dly, DWR=n15anasvaau1ninuwid (%).
2 = YA P YA =K%

S=1, G=1ug, SxG=1 x Wug, NA=liilivoya



M15197 5 ANudUusTEninadnuaeee 4 aeldanimuni (AP) wazaasianeanasa (NAP) a1nnisnaaedlul 2559 uag 2560

AP NAP
Trait' TN TDW RDW SDW RSR TN TDW RDW SDW RSR SC DWR
AP TN 1.000

TDW 0.645**  1.000

RDW 0.535**  0.819**  1.000

SDW 0.634**  0.986**  0.712**  1.000

RSR -0.256**  -0.235**  0.162*  -0.336"* 1.000

NAP TN 0.513*  0.283**  0.237** 0.277**  -0.081 1.000
TDW 0.285**  0.423**  0.361** 0.413**  -0.140 0.606**  1.000
RDW 0.150 0.306** 0376 0.265**  0.004 0.536**  0.881**  1.000
SDW 0.334**  0.443**  0.304** 0.454**  -0.215** 0.579**  0.952**  0.695**  1.000
RSR -0.210**  -0.164*  0.032 -0.210**  0.189* -0.224**  -0.307**  0.056 -0.499**  1.000
SC 0.069 0.147 0.200*  0.121 0.120 -0.293**  -0.291**  -0.356** -0.216** -0.098  1.000
DWR 0.453**  0.563**  0.495**  0.545**  -0.143 -0.225**  -0.334**  -0.371** -0.274** 0.072  0.361**  1.000

1 ° o H @ v v H o v H @ v o H o v Y '
TN=911UnUDABNS, SDW=1U"MUNLAHU, ROW=1U11inLiesin, TDW=11munwissiy, RSR=&ndiutminumasn/au, SC=A1nzuuunidly, DWR=n13
ANASVDIUNAUNLIAN (%), *, ** =UANANNINENAT p<0.05 kA p<0.01 MUARU



MRy uandliifiuin Wewugnssudn dnismevaussdenisuin
WoaneSaunnsnaty fuu Selaldsnunrsuiunlesiens (iller number; TN)  A213g9
(plant height; PH) dhminuady (shoot dry weight; SDW) drondnuiasn (root dry
weight; RDW) dhwinusiasan (total dry weight; TDW) lag Sasrdwenimiinuiende
% (root/shoot ratio; R/S) a1nn1snaaasbuan munflkazan1nuanaanasauIA1LInmIAN
Filrnuvuniuienisuiareanasa (phosphorus deficiency tolerance index; PDTI) wiie
fndenideriugnasudmilitudiosdifien POTI Aunnsinaity

nansinseilaglideyaueddusn Yiaeuaznansiiasesismvesanst awnsa
s POTI oglu®1s 02 - 1.0 (il 1) Taemudt Wugdniinismevaussilumnsisiu
FfedléAnsainaluudadneiu fenuaasduldindeRugnastndalng eglunduiifia
PDTI 5¥313 0.5 - 0.7 wazdlursanewudd fe1 PDTI i 5.0 wie gandn 7.0 (awdi 1)
Fennsidertugnssudlsiuidiesiian POTI  fusnsisiu Fuhmsudsngueenidu 6
5¥AU Usenounay highly tolerance (PDTI > 8.00), tolerance (8.00 < PDTI 27.00),
moderate tolerance (7.0<PDTI>6.00), moderate susceptible (6.0 < PDTI >5.00),
susceptible (5.0 < PDTI>4.00) and highly susceptible (PDTI<4.00) IﬂSﬁL%aﬁuqmiﬂﬁﬂ
$117u 20 aeRusuARsTERUTasA MUY oufus 2 Uivhnismanodldun aewug
PLD ULRO19 ULR031 ULR035 ULRO58 ULR124 ULR126 ULR127 ULR145 ULR168
ULR174 ULR180 ULR183 ULR184 ULR197 ULR206 ULR228 ULR260 ULR334 &g
ULR338 (M37901ARuNT 1),

70

I Index Y1
60 - [ Index Y2
[ combine

50 A

40 A

30 A

Frequency

20 +

10 A

PDIT
MW 1 AnudvedeiugnssudnlIiulliessedudvlanumunuienisuianeanea
(PDTI) 910 2559 (Y1), 2560 (Y2) LagAlaaeuesdasst (combine)
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'
=

mMsFsulfisumsnevaussesnguaneiudiflsziu PDTI Asstusionaueanisu
Waavlaia

Tumsvaaasndsil Idvhmauadorusnssudmiudosmendu 3 ndu Tnenguil 1
(PDTI>7.00) 1nannng highly tolerance wag tolerance nguil 2 (7.00 <PDTI>500) 11N
ﬂfjm moderate tolerance Wa¥ moderate susceptible LLazmjmﬁ 3 (PDTI<5.00) mﬁ]’mﬂﬁjm
susceptble uaz hichly susceptible ndwniusalalddnuarsaumdesons (tiller
number; TN) A273g9 (plant height; PH) dminuedy (shoot dry weight; SDW) it
W#931A (root dry weight; RDW) dminuesay (total dry weight; TDW) Uag 9n51@3UUD
dwtinusasinsotminuiadu (root/shoot ratio; R/S) ainan wunfazuavioanesa
Wisuidisuiiluudazngy wan1smaaeamudn TN uaz TOW fnsanasesnadiulddalude
fiugnssudangud 3 Fsnnniingudl 2 uaz 1 awdiiy dwdu SDW finnsanasnnnin
ROW luwn 9 ngu (Al 2)

melfaninaemoaetaiinsiiutures R/S Tunn 9 naulpsamizlunguil 1 vl
dosnngudl 1 Wewugnssudminisfutures ROW  Tuanmanseana’a Sednuasy
Fanarduauansaluanununiusensuiareansdatiues (Rashothama, 1999)

dmsunmasyiulaveshdutuanduldidine 3 naquidwinuiudumie
fuluanmun@fiuaneineiu Tnongudl 3 Tunnfgamufongud 2 wag 1 awadu (nmil 2)
lusasidesgmeldanimaareansda wui dninuisdumiofuiuniianlunds 1
s09R9Ae Na 2 WA 3 MNEPU andiuldh AnudumusUskndufui e sda
wilofuluan nund deandeafunisiiasyianduiusniunisnad 5 :1nan1maaes
Fvidtudn arwanmsalunsnunudenisuaneaseafenisiid1annsainwseduns
wsiulalfanastosiian uasiufiuifnsnlnnfigadiiefislonidlunisgadusinemis
Tues Fen1sld POTI ﬁ’]uﬁﬂ?ﬂcﬁLL‘lJﬂL%@WUQﬂﬁﬂJ%’]’ﬂﬁ@ﬂﬁﬂﬁﬂi%ﬁ%%ﬂ’]w (Koide et al,
1999; Zhang et al., 2015)
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== NAP
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—/3 NAP

0.0

Groupl  Group2  Group3

AR 2 AedsiazaiulenuunInIgIuvesdnansaues TN, PH, SDW, RDW, TDW wag R/S

NFDIUINTINUILINWERY 3 nauilisedu PDTI uansnaiu neldanmuna (AP) uavvin

sloanasa (NAP) Tog naudl 1, 2 wag 3 Ain Munu nuvnuliunasuas numusionis

AR R R G GRTE

NNTIATIAandUTUSIENIanvaskazn1sInngulaeld PDTI 4aeaunudn n1s

14 SC wag PDTI fusgansamlumsuusenioiugnssudniiuiiesnilseduainununuse
nsvaneaneFanuanseiu 39 SC waz PDTI unldsindulunisAnideniioiugnssudn
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Isudloafifianunumusionisnnrleansda wanisnaaeamudt $11 Suau 13 aneiug
lAuwA ULR0O31 ULR260 ULR124 ULR305 ULR180 ULR026 ULR145 ULR176 ULR183
ULR185 ULR186 ULR213 uay PLD \udnaiivumusionisuialeaesani pOTI a3 whag SC
01 (<3) (il 3)

1.0

0.9

\
\
| ULRO19
\

|
LB 13708 ol 08

gOZULR167

081 PO uLriscotBERad:

0.7 {urrets

E oL
0 061  URHyg
i bR 2
16 i 8861608831
0.5 - ~ LR UR Egg ULRO08
y=0.798-0.044X 1160 } U RGoer112

0.4 { R%=0.129% ULR041

low SC

|
|
|
0.3 . |
1 2 3 4 5 6
Plant symptom score (SC)

d‘ U 'y} 6 1 v v} v a 1
AN 3 ANUFURUSTEUINNNISIIRZLUUDINSIIANRaNDSE (SC) WarsuRAIUNUNIURD

3

nsvaleanlada (PDTI) veadewugnssudilsiudiosiuau 168 anewug

nMsUssfiumnuduiussening SC uag POTI Auledosnsluanafidenlosiudy
Pup-1 ﬁg\mm 9 w3y Laun Pupl1-K4Z2, Pupl-K43, Pupl-K46, Pupl-K52, Pupl-K41,
PSTol-1, K1, K5 way K29-1 %aLLﬁazamﬁuﬁ:ﬁmiUimg LaumSuedudvane daud 0-9
Funis (115197 6) agnslsfinu anuduiudsenitnisunnguovfieulowarseduain
yuvnudanuduiusfudeudieh Taefidewugnssudnuametusilivnnguuiidue
Whnnela 9 e uilaununiusziuguty ULRIS3  uaz ULR213  edalsiniy
iwesvaneitussavsnmlunsueneuuanssléiign Ae dowmane win K1 way K29-1
nanaaesasaRtliiui mumumutenisuasaneaesaludetugnssudnfiudes
91aildudu q WhwiAeades uazdnanewus ULR183 uag ULR213 oraifuaewusian
gamsumsihludnwdelulueuian
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=] a a = dll v A 1 [y { a 1 [ v '
M1319N 6 ﬂ’]’iLﬂ@LLﬂ‘U@LEJULEJ‘UENLF’WENM@J’]EJINLaqaL“U@MIENﬂ“UEJ‘Ll Pup-1 33UNUALRAEUBY mﬂmzLLuummmmWaﬁWaia (SO) HAZAYUAIUNUNIUND

nsuavleaieda (PDT) luweiugnssudnilsiuilos

Primer data’

Sum of
Varieties Pupl-K42 Pupl-K43 Pupl-k46 Pupl-K52 — Pupl-kdl — PSTol-1  KI K5 K29-1 Alleles’ sc¢ poTI
HMLN 0 0 1 0 0 0 1 0 0 2 4.22 0.59
IR57514 1 1 0 0 1 1 1 1 1 7 4.35 0.63
PLD 1 0 0 1 1 1 0 1 1 6 1.50 0.76
PLK 0 0 0 0 0 0 1 0 0 1 4.16 0.66
PNG 0 0 0 0 1 1 1 0 1 il 4.18 0.60
RD6 1 0 0 0 0 0 1 0 1 3 4.17 0.58
SKN 0 0 0 0 0 0 0 1 1 2 4.33 0.43
ULROO1 1 0 1 0 0 0 0 0 0 2 4.34 0.61
ULR002 1 1 0 1 1 0 0 1 0 5 3.67 0.79
ULR003 0 0 0 0 0 0 0 1 0 1 4.50 0.44
ULR0O05 0 0 0 1 0 0 1 1 0 3 4.62 0.74
ULR0O06 0 0 0 0 0 0 0 0 0 0 3.35 0.62
ULROO7 0 0 0 0 0 0 0 0 0 0 3.34 0.63
ULR008 0 0 0 1 0 0 0 0 0 1 5.33 0.48
ULR0O09 1 0 1 0 1 1 1 0 0 5 4.34 0.58
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A1397 6 MaiakauRduevenAIomIneluanalienlesiudy Pup-1 SaufuAaves NslirzkuWeINISUIANEaNesd (SO) uazdvilauvunIuse
nsuavleavieda (PDT) luweiugnssutnilsiuilos

Primer data’

Sum of
Varieties Pupl-K42 Pupl-Kd3 Pupl-kdé6 Pupl-K52 Pupl-Kdl —PSTol-1  KI K5 K29-1 Alleles’ sc¢ poTl”
ULRO10 0 0 1 0 1 0 0 0 0 2 366  0.61
ULRO11 0 0 0 1 0 0 0 0 0 1 384 0.54
ULRO14 1 0 0 0 0 0 1 1 0 3 468 051
ULRO16 0 0 0 0 0 0 1 0 0 1 401 061
ULRO17 0 0 0 0 0 0 0 0 0 0 266  0.68
ULRO18 1 0 0 0 1 1 1 0 0 a 351 071
ULRO19 0 0 0 0 0 0 0 0 0 0 384 0.92
ULR020 0 0 0 0 0 0 1 0 1 2 229 057
ULR022 0 0 1 0 0 0 0 0 0 1 301 0.71
ULR025 0 0 0 0 0 0 1 0 0 1 335  0.64
ULR026 0 0 0 1 0 0 0 0 1 2 284 076
ULR027 0 0 | 0 1 0 1 0 0 3 417 0.60
ULR031 0 0 0 0 0 0 0 1 0 1 250 0.4
ULR035 0 0 0 0 0 0 1 0 0 1 384 0.82
ULR038 0 0 1 0 0 0 1 1 0 3 317 0.59
ULR039 0 0 0 0 0 1 0 0 0 1 416 058
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A1397 6 MaiakauRduevenAIomIneluanalienlesiudy Pup-1 SaufuAaves NslirzkuWeINISUIANEaNesd (SO) uazdvilauvunIuse
nsuavleavieda (PDT) luweiugnssutnilsiuilos

Primer data’

Sum of
Varieties Pupl-K42 Pupl-Kd3 Pupl-kdé6 Pupl-K52 Pupl-Kdl —PSTol-1  KI K5 K29-1 Alleles’ sc¢ poTl”
ULR040 0 0 0 0 0 0 0 0 0 0 316 0.65
ULRO41 1 0 | 0 0 1 0 1 0 4 447 0.39
ULRO43 0 0 0 0 0 0 0 0 0 0 417 066
ULRO44 1 0 0 1 1 1 0 1 0 5 367 0.70
ULR049 0 0 1 0 0 1 0 0 0 2 316 0.59
ULRO50 0 1 1 1 1 0 0 0 0 a 500 0.53
ULRO51 1 0 1 0 1 1 0 0 1 5 384 058
ULR053 0 0 0 0 0 0 0 1 0 1 366  0.65
ULRO54 0 0 0 0 0 0 1 0 0 1 351 0.68
ULR056 0 0 0 0 0 0 0 0 0 0 367 0.66
ULRO57 0 0 0 0 0 0 0 1 0 1 434 0.67
ULR058 0 0 0 0 0 0 1 0 1 2 418  0.85
ULR062 1 1 1 1 1 1 0 0 0 6 416 0.64
ULR063 0 0 0 0 1 1 1 0 1 4 233 0.65
ULR066 1 0 0 0 0 1 1 1 0 a 368  0.65
ULR067 1 1 1 1 1 1 0 1 0 7 418 0.64
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A1397 6 MaiakauRduevenAIomIneluanalienlesiudy Pup-1 SaufuAaves NslirzkuWeINISUIANEaNesd (SO) uazdvilauvunIuse
nsuavleavieda (PDT) luweiugnssutnilsiuilos

Primer data’

Sum of
Varieties Pupl-K42 Pupl-Kd3 Pupl-kdé6 Pupl-K52 Pupl-Kdl —PSTol-1  KI K5 K29-1 Alleles’ sc¢ poTl”
ULR069 0 0 1 0 0 0 1 1 1 4 316 0.72
ULRO70 1 1 0 0 1 1 0 1 0 5 462 051
ULRO71 1 0 0 0 1 1 1 0 0 a 379 073
ULRO72 1 0 1 1 0 1 0 0 0 a 418 0.60
ULRO73 1 1 | 0 1 1 0 0 0 5 435  0.64
ULRO74 0 0 0 0 0 0 1 0 0 1 434 0.60
ULRO75 1 1 0 1 1 1 1 0 1 7 350 0.66
ULRO76 1 0 0 0 1 1 0 0 0 3 435  0.56
ULRO77 0 0 1 0 0 1 0 0 0 2 468 053
ULRO78 0 0 1 0 0 0 0 0 1 2 267 058
ULROT9 0 0 1 0 0 0 0 0 0 1 367 0.50
ULR08O 0 0 1 0 0 0 1 1 0 3 417 0.62
ULR081 0 0 0 0 0 0 0 0 0 0 267 0.8
ULR082 1 1 0 0 1 1 0 0 0 i 505 0.59
ULR084 1 0 | 1 1 1 0 0 0 5 368 053
ULR086 0 0 1 0 0 0 1 1 0 3 366 061
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A1397 6 MaiakauRduevenAIomIneluanalienlesiudy Pup-1 SaufuAaves NslirzkuWeINISUIANEaNesd (SO) uazdvilauvunIuse
nsuavleavieda (PDT) luweiugnssutnilsiuilos

Primer data’

Sum of
Varieties Pupl-K42 Pupl-Kd3 Pupl-kdé6 Pupl-K52 Pupl-Kdl —PSTol-1  KI K5 K29-1 Alleles’ sc¢ poTl”
ULR08S 0 0 0 0 0 0 1 0 0 1 384 0.67
ULR089 0 0 0 0 0 0 1 0 0 1 334 0.67
ULR091 1 1 0 1 0 1 0 0 1 5 434 052
ULR092 1 1 0 0 1 1 1 0 0 5 467 0.60
ULR094 0 0 0 0 0 0 0 1 0 1 484 0.54
ULR095 1 0 1 1 0 1 0 0 0 a 437 046
ULR096 1 1 0 1 1 1 0 1 1 7 183 0.61
ULR099 1 0 0 0 1 1 0 1 0 a 368  0.71
ULR100 0 0 0 0 0 0 0 0 1 1 485 058
ULR102 1 0 0 0 1 1 1 1 1 6 318 0.60
ULR103 0 0 1 0 0 0 0 1 1 3 384 0.71
ULR105 0 0 0 0 0 0 1 0 0 1 438  0.60
ULR112 1 0 1 1 1 1 0 0 0 5 4.3 0.44
ULR114 0 0 1 0 0 0 1 0 0 2 330 0.63
ULR115 0 0 0 1 0 0 0 1 0 2 400 0.62
ULR116 0 0 0 0 0 0 1 0 0 1 267 052
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A1397 6 MaiakauRduevenAIomIneluanalienlesiudy Pup-1 SaufuAaves NslirzkuWeINISUIANEaNesd (SO) uazdvilauvunIuse
nsuavleavieda (PDT) luweiugnssutnilsiuilos

Primer data’

Sum of
Varieties Pupl-K42 Pupl-Kd3 Pupl-kdé6 Pupl-K52 Pupl-Kdl —PSTol-1  KI K5 K29-1 Alleles’ sc¢ poTl”
ULR123 0 0 0 0 0 0 0 0 0 0 467 049
ULR124 1 0 0 0 1 1 1 0 1 5 233 0.78
ULR125 1 1 0 1 1 1 0 1 1 7 233 0.65
ULR126 0 0 1 0 0 0 0 0 0 1 433 0.72
ULR127 1 0 0 0 0 0 0 0 0 1 333 0.82
ULR128 0 0 0 0 0 0 1 0 0 1 468 052
ULR129 1 1 0 1 0 1 1 1 1 7 418 048
ULR130 1 0 1 0 1 0 0 0 1 4 401 055
ULR131 1 1 0 0 1 1 1 0 0 5 333 0.57
ULR132 0 0 0 0 0 0 1 1 0 2 436  0.64
ULR134 0 1 0 0 0 0 0 0 0 1 299 0.66
ULR135 0 0 0 0 0 0 1 0 0 1 318 0.56
ULR138 1 1 0 0 0 1 0 0 0 3 417 0.70
ULR145 1 0 0 1 1 1 1 0 1 6 217 075
ULR146 0 0 0 0 1 1 0 1 0 3 283 0.69
ULR152 1 0 0 0 1 1 0 0 1 a 451 051
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A1397 6 MaiakauRduevenAIomIneluanalienlesiudy Pup-1 SaufuAaves NslirzkuWeINISUIANEaNesd (SO) uazdvilauvunIuse
nsuavleavieda (PDT) luweiugnssutnilsiuilos

Primer data’

Sum of
Varieties Pupl-K42 Pupl-Kd3 Pupl-kdé6 Pupl-K52 Pupl-Kdl —PSTol-1  KI K5 K29-1 Alleles’ sc¢ poTl”
ULR153 0 0 0 0 0 0 1 1 0 2 418 051
ULR158 1 1 0 0 1 1 1 1 0 6 434 0.62
ULR159 0 0 0 0 1 1 0 0 1 3 417 049
ULR161 0 0 0 0 0 0 0 1 0 1 351 071
ULR163 0 0 0 0 0 0 1 0 0 1 301 0.82
ULR164 1 1 0 0 1 1 0 0 0 a 351 0.68
ULR166 0 0 0 0 0 0 1 0 1 2 401  0.60
ULR167 1 0 0 0 1 1 0 0 1 4 416 078
ULR168 1 0 1 0 1 1 1 1 1 7 417 084
ULR169 0 0 0 0 0 0 0 0 0 0 266 0.5
ULR171 1 1 0 1 1 1 1 1 1 8 467 052
ULR173 0 0 0 0 0 0 1 0 0 1 183 061
ULR174 0 0 0 0 0 0 0 0 0 0 333 0.76
ULR176 0 0 0 0 0 1 0 0 1 2 300 074
ULR177 0 0 0 0 0 0 0 0 0 0 367  0.67
ULR179 0 0 0 0 0 1 1 0 0 2 251 051
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A1397 6 MaiakauRduevenAIomIneluanalienlesiudy Pup-1 SaufuAaves NslirzkuWeINISUIANEaNesd (SO) uazdvilauvunIuse
nsuavleavieda (PDT) luweiugnssutnilsiuilos

Primer data’

Sum of
Varieties Pupl-K42 Pupl-Kd3 Pupl-kdé6 Pupl-K52 Pupl-Kdl —PSTol-1  KI K5 K29-1 Alleles’ sc¢ poTl”
ULR180 0 0 0 0 0 0 1 0 0 | 267 076
ULR181 0 0 0 0 0 0 0 0 0 0 283 0.59
ULR183 0 0 0 0 0 0 0 0 0 0 249 072
ULR184 0 0 0 0 0 0 0 0 0 0 349 0.77
ULR185 0 0 0 0 0 0 1 0 1 2 284 072
ULR186 0 0 0 0 0 1 1 1 0 3 233 0.70
ULR187 0 0 0 0 0 1 1 0 0 2 368 0.67
ULR190 0 0 0 0 0 0 1 0 0 1 232 060
ULR191 1 0 1 1 1 0 0 0 0 a 501 061
ULR192 0 0 0 0 0 0 0 0 0 0 485  0.73
ULR193 0 0 0 0 0 1 0 0 0 1 361 048
ULR194 0 0 0 0 0 0 0 0 1 1 351 0.74
ULR195 0 0 0 0 0 0 1 0 1 2 380 0.69
ULR196 0 0 0 0 0 0 0 0 0 0 283 067
ULR197 0 0 0 0 0 0 0 0 0 0 317 0.78
ULR198 0 0 0 0 0 0 0 0 1 1 551 0.53
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A1397 6 MaiakauRduevenAIomIneluanalienlesiudy Pup-1 SaufuAaves NslirzkuWeINISUIANEaNesd (SO) uazdvilauvunIuse
nsuavleavieda (PDT) luweiugnssutnilsiuilos

Primer data’

Sum of
Varieties Pupl-K42 Pupl-Kd3 Pupl-kdé6 Pupl-K52 Pupl-Kdl —PSTol-1  KI K5 K29-1 Alleles’ sc¢ poTl”
ULR199 0 0 1 0 0 0 0 0 0 | 401 0.70
ULR205 0 0 0 1 0 0 0 1 0 2 435  0.71
ULR206 0 0 0 0 0 0 0 0 0 0 396 075
ULR207 0 0 0 0 0 1 1 0 0 2 383 049
ULR208 0 0 0 0 0 0 0 0 0 0 349 0.83
ULR209 1 1 0 0 1 1 0 1 1 6 333 0.63
ULR210 1 1 0 0 1 1 0 0 1 5 216 0.62
ULR211 1 0 0 0 1 1 1 0 1 5 417 051
ULR212 1 0 0 1 1 1 0 0 0 a 250  0.67
ULR213 0 0 0 0 0 0 0 0 0 0 133 0.70
ULR214 1 0 0 0 1 1 0 0 0 3 468  0.54
ULR215 1 1 | 1 1 1 0 0 0 6 384 0.73
ULR219 0 0 0 0 0 0 0 1 0 1 333 0.70
ULR222 0 0 0 1 0 0 1 0 1 3 367  0.65
ULR228 0 0 0 0 0 0 0 0 0 0 334 0.73
ULR239 0 0 0 0 0 0 0 1 0 1 317 0.72
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A1397 6 MaiakauRduevenAIomIneluanalienlesiudy Pup-1 SaufuAaves NslirzkuWeINISUIANEaNesd (SO) uazdvilauvunIuse
nsuavleavieda (PDT) luweiugnssutnilsiuilos

Primer data’

Sum of
Varieties Pupl-K42 Pupl-Kd3 Pupl-kdé6 Pupl-K52 Pupl-Kdl —PSTol-1  KI K5 K29-1 Alleles’ sc¢ poTl”
ULR244 0 0 0 0 0 0 0 0 0 0 316 0.50
ULR258 0 0 0 0 0 0 1 0 0 1 384 0.70
ULR259 0 0 0 0 0 0 0 0 0 0 367 0.66
ULR260 1 0 0 0 1 1 0 1 1 5 233 082
ULR267 0 0 0 0 0 0 0 0 0 0 334 055
ULR285 0 0 0 0 0 0 0 0 0 0 367 0.64
ULR289 1 0 0 0 0 0 0 0 0 1 501 0.55
ULR292 0 0 0 0 0 0 0 0 0 0 300 0.66
ULR294 0 1 | 0 1 1 0 0 0 a 451 051
ULR297 0 0 0 0 0 0 0 0 0 0 282 063
ULR299 0 0 0 0 0 0 0 0 0 0 316 048
ULR300 1 0 0 0 1 0 1 0 1 a 350 0.54
ULR301 1 0 0 0 1 1 1 0 0 4 417 054
ULR302 0 0 1 0 0 0 0 0 0 | 401 057
ULR305 0 0 0 0 0 0 0 0 1 1 266 077
ULR306 0 0 0 0 0 0 1 0 0 1 316 0.64
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A1397 6 MaiakauRduevenAIomIneluanalienlesiudy Pup-1 SaufuAaves NslirzkuWeINISUIANEaNesd (SO) uazdvilauvunIuse
nsuavleavieda (PDT) luweiugnssutnilsiuilos

Primer data’

Sum of
Varieties Pupl-K42 Pupl-Kd3 Pupl-kdé6 Pupl-K52 Pupl-Kdl —PSTol-1  KI K5 K29-1 Alleles’ sc¢ poTl”
ULR307 0 0 1 0 0 0 1 1 0 3 367 057
ULR308 1 1 | 1 0 1 1 0 0 6 328  0.68
ULR331 1 0 1 0 1 1 0 1 0 5 567 052
ULR332 0 0 1 0 0 0 1 0 1 3 317 058
ULR334 0 0 0 0 0 0 0 1 0 1 350 0.80
ULR335 0 0 0 0 1 1 0 0 1 3 351 0.54
ULR338 0 0 0 0 0 0 1 1 0 2 351 0.79
ULR340 0 0 0 0 0 0 0 0 0 0 351 0.61

“the expected PCR product; present (1) absent (0), ® Summation of alleles test, Plant symptom score, ‘ Phosphorus deficiency tolerance index.
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(4) agunan1Inaaay

[

Frlstusiudioanismevauasdenisviasigweanadafiunnssiuseninsansiug
wazgginaeuTmisdiufdiiusseninedafoiandudnvasifedestunmumuniu lng
Fnunigivimsuseduldieidu azuuueinsuiaeanedanianuduiusseninadnvay
fne 9 dlunsuanuasyniay ansnsatharldiadeniderugnssudmsuaunnlimuniuse
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MITNAANUINT 1. N15TMUNTeRUgNTTHTIlsIUlaanuTERUYes Avtiauvunuieniviavleanasa (PDTI)

2559

Reactions

. . a
Varieties

Highly tolerance
(PDTI >0.80)

ULR186, ULR031, ULR035, ULRO58, ULR260

Tolerance
(PDTI = 0.71-0.80)

ULR126, ULR338, ULRO67, ULR206, ULR145, ULR228, ULR306, ULR197, ULR019, PLD, ULR088, ULR168, ULR183, ULR334, ULR205,
ULRO53, ULR174, ULR212, ULR040, ULR285, ULR180, ULR127, ULR184, ULR124

Moderate Tolerance
(PDTI = 0.61-0.70)

ULR103, ULR135, ULR177, ULRO56, ULRO51, ULR259, ULR026, ULR134, ULR0O7, ULRO74, ULR209, ULRO78, ULR0O10, IR57514, ULR116,
ULR187, ULR158, ULR0O16, ULR114, ULR305, ULR332, ULR239, ULR292, ULR081, ULR020, ULR146, ULR185, ULR044, ULR173, ULRO75,
ULROO5, ULR179, ULR192, ULR069, ULR161, ULR340, ULR297, ULRO54, ULR125, ULR208, ULR176, ULR219, PLK, ULR196, ULR213,
ULRO50, ULR038, ULR210, ULR258, ULR062

Moderate susceptible
(PDTI = 0.51-0.60)

ULR335, ULR244, ULR194, ULRO09, ULR130, ULR018, ULR084, ULR102, ULR299, ULR099, ULR131, ULR302, SKN, ULR166, ULR011,
ULR089, ULR167, ULR022, ULR164, ULRO57, ULR169, ULR307, ULR092, ULR289, ULR094, ULR267, ULR123, ULR198, ULR002, RD6,
ULR082, ULR039, ULR017, ULR115, ULR191, ULR195, ULR049, ULR072, Pung Nga, ULR215, ULR308, ULR066, ULR222, ULR199, ULR105,
ULR163, ULR063, ULR211, ULRO86, ULR027, ULRO71, ULR0O80, ULR006, ULR190

Susceptible
(PDTI = 0.40-0.50)

ULR300, ULR214, RD51, ULR025, ULRO73, HMLN, ULR003, ULR193, ULR095, ULR159, ULR132, ULR112, ULR294, ULRO76, ULRO7O,
ULR171, ULR138, ULR008, ULR129, ULR043, ULRO14, ULR091, ULR152, ULR181, ULR100, ULR301, ULR331, ULR096, ULR0O01, ULR207,

Highly susceptible
(PDTI < 0.4)

ULRO41, ULR128, ULR153, ULRO79,ULRO77
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Highly tolerance

ULR019, ULR163, ULR167, ULR002, ULR208, ULR194, ULR168, RD51, ULR138, ULR099, ULR026, ULR018, ULR305, ULR022, ULR215,

(PDTI >0.80) ULR338, ULR127, ULR025, ULRO71, ULR334, ULR073, ULR043, ULR132, ULRO31, ULR164, ULR058, ULR197, ULROO5, ULR089,
ULR195, ULRO57, ULR103, ULR199, ULRO17, ULR192, ULR176
Tolerance ULR239, ULR308, ULR069, ULR035, ULR145, ULR185, PLD, ULR206, ULR174, ULR124, ULR044, ULR184, ULR180, ULR228, ULR161,

(PDTI = 0.71-0.80)

ULR260, HMLN, ULR146, ULR126, ULR096, ULR177, ULR0O66, ULR222, ULR0O01, ULR183, ULR081, ULR134, ULR181, ULR056, ULR258,
ULR213, ULRO63, ULR219, ULR187, ULR259

Moderate Tolerance
(PDTI = 0.61-0.70)

ULRO54, ULR292, ULR115, ULR166, ULR102, ULR300, ULR205, ULR214, ULR100, ULR092, ULR191, ULRO77, ULRO76, ULRO75, ULROQ9,
ULR128, ULR080, ULR209, ULR196, IR57514, PLK, Pang Nga, ULR007, ULR302, ULR0O06, ULR086, ULRO72, ULR105, ULR114, ULR153,
ULR131, ULR082, ULR307, ULR0O27, ULR049, ULRO79, ULR039, ULR088, ULR125, RD6, ULR130, ULR301, ULR158

Moderate susceptible
(PDTI = 0.51-0.60)

ULR212, ULR171, ULR297, ULR190, ULR016, ULRO10, ULR062, ULR335, ULRO74, ULR294, ULR186, ULRO11, ULRO67, ULRO70, ULR267,
ULR306, ULRO84, ULR173, ULR331, ULR340, ULR091, ULR289, ULR053, ULR094, ULR040, ULR210, ULRO14, ULR152, ULR051, ULRO7S,
ULR193, ULR159, ULR332, ULR285, ULR198, ULR135

Susceptible
(PDTI = 0.40-0.50)

ULR020, ULR129, ULR244, ULR008, ULR095, ULR038, ULR207, ULR041, ULR299, ULR0O03, ULR123, SKN, ULR211, ULR112, ULR116

Highly susceptible
(PDTI < 0.4)

ULR050, ULR169, ULR179

|
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Abstract

Phosphorus deficiency is major factor limiting rice yield throughout the world. Using
the P-deficiency tolerance efficiency in rice is essential for rice improvement. The objective
of this study is to screening to phosphorus deficiency tolerant and validation Pup-1 gene
linked markers in Thai indigenous upland rice germplasm. One hundred and sixty eight
upland rice varieties were used for screening with solution culture method. Based on
phosphorus deficiency tolerance index and plant symptom score, 8 of al including ULR145,
ULR124, ULR031, ULR026, ULR260, ULR183, ULR180 and ULR305 were classified as
tolerant. The validation of Pup-1 linked gene with 9 markers were demonstrated that each
lines appeared the expected PCR product ranged from 0 to 9 markers while low relation with
tolerance ability. Moreover, some indigenous upland rice lines such as UIR183 and ULR213
has the high tolerance without Pup-1 linked gene product. Those suit for future study for

phosphorus deficiency genes.

Keywords. Phosphorus deficiency tolerance index, harvesting index, root dry weight,

Y oshida solution, plant symptom score
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I ntroduction

Phosphorus (P) is an essential for normal cell growth and cell division in all organism,
it's often amajor limiting factor for upland area because its availability in soil tends to be low
due to its fixation into insoluble compounds (Shimizu et al. 2008). P-deficiency often
associated with acid soils condition (Kirk et al. 1998) aluminum-toxic soils (Pinheiro et al.
2006) manganese and ferric-toxic (Yugi et a. 2014) drought (Ozturk et al. 2005; Yugi et al.
2014) and high pH condition (Shimizu et al. 2004 ). Therefore, rice grows under those
conditions often to be phosphorus deficiency problem especially upland rice.

Phosphorus deficiency tolerance or phosphorus use efficiency in rice is essential for
rice improvement. Rice would develop numerous morphological, physiological, biochemical
and molecular adaptation to overcome P-deficiency (Raghothama and Karthikeyan 2005).
Koyama et a. (1973) reported the first time of genotypic differences for P-deficiency
tolerance in rice. Since then, the development of cultivars with an improved ability to
phosphorus utilizing could be effective a more than relying on fertilizer application only. So
far breeders have concentrated their efforts on screening existing cultivars and lines under P-
deficient conditions with variable traits related to P-deficient tolerance (IRRI 1985; Hung
1985; Fegeria 1988; Chaubey et al. 1994). Information on the inheritance of P-deficiency
tolerance and P-uptake efficiency are valuable for initiating an efficient breeding program to
raise P-deficiency tolerance in rice. Mgumber et a. (1989) and Chaubey et al. (1994)
concluded that P-deficiency tolerance is a quantitatively inherited trait with outstanding
parents being carriers of mostly additive genes.

Since the reports of Wissuna et al. (1998), Kasalath (O. sativa), lowland rice from
Karimganj, Assam, India has been used as donor parent for severa research topics. Pupl
QTL for P deficiency tolerance that related to high P uptake, high tillering ability, and high

root growth under P deficient upland condition (Wissuwa and Ae 2001; Wissuwa et al. 2002)
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and also to induced root elongation (Shimizu et al. 2004, 2008). Sarkar et al. (2011) screened
the local available rice genotypes suitable for P deficient tolerance and validated two Pup-1
linked INDEL markers for diagnostic value. They recommended three Bengal Landraces,
Bhutmuri, Gobindabhog and Radhunipagol as donor parents for introgression high P-uptake
locusinto IR36, IR64, by following the banding pattern of Pup-1-K42 and Pup-1-K29 marker
for foreground selection. The application of Pupl sequences were analyzed by Chin et al.
(2011) interestingly, the protein kinase gene OsPupK46 -2 was closely associated with P-
deficiency tolerance and was highly conserved in stress-adapted rice accessions (Chin et al.
2010, 2011). All of the above researches suggested that P-deficiency tolerance, especially
Pupl gene family was highly conserved in stress-adapted rice accessions (Chin et al. 2010,
2011).

Therefore, it might also be conserved in an indigenous upland rice accessions. To
screening for P-deficiency tolerance and validation of Pup-1 linked markers in indigenous
upland rice need to be investigated. The objective of this study is to assess the genotypic
variation in P-deficiency tolerance in indigenous upland rice and to exploit the potential for

P-deficiency tolerance in upland rice improvement.
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Material and Method

Plant materials

One hundred and sixty eight indigenous upland rice varieties had been collected from
various planting areas throughout Thailand, viz. Khon Kean, Phitsanulok, Phetchabun,
Chiang Mai, Loel, Kalasin and Patthalung ect. were used as materials for greenhouse
screening with solution culture method and validation of Pup-1 linked markers.
Greenhouse evaluation

Seed of indigenous upland rice materials were soaked for 24 hours and moisten for 3
days. The germinated seeds were placed on a polystyrene plate of size 50 x 57 cm with a
diameter of 1.5 cm a total of 128 holes on the foam sheet floating in a plastic container
containing 40 L tap water. Three seeds of each variety were sown in each row. The
experiment were subjected in a Random Complete Block Design (RCBD) with three
replications. One week after germination, the materials were evaluated in hydroponic
solutions under two phosphorus regimes, with phosphorus (AP) and without phosphorus
(NAP). The AP and NAP treatments contained normal nutrient solution with and without
0.32 mM NaH,PO., respectively. Normal nutrient solutions, modified from Y oshida (1976),
as earlier reported (Shimizu et al. 2008) consisted of 1.43 mM NH4NOg3, 0.32 mM NaH,PO.,,
0.51 mM K,S0Oq4, 1.00 mM CaCl,, 1.64 mM MgSO,, 9.11 M MnClj,, 0.07 M (NH4)6M 07024,
18.49 M H3BOs;, 0.15 M ZnSO4, 0.16 M CuSO,, and 35.77 M FeCls. The nutrient solution
was changed with 4 days interval and the pH of the solution will be adjusted daily of 5.0 with
1 N NaOH or HCI.

At 15 days after treatment (DAT) the plant symptom score of leaves was record
according to the procedure decried by (IRRI 2002). Then plant height, tiller number were
recorded after that shoot and root were collected and dried for measurement the shoot and

root dry weight. The experiment were conducted in season 1 (2016) and season 2 (2017) at
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Khon Kaen University, Khon Kaen province, Thailand. The phosphorus deficiency tolerance
index (PDIT) was calculated from the data under NAP/AP conditionsin all traits except plant
symptom score (SC). The dry weight reduction was calculated from; [(TDW under AP
condition — TDW under NAP condition)) TDW under AP condition] x 100, where:
TDW=total dry weight, AP=apply phosphorus and NAP= non-apply phosphorus.
DNA extraction and Pup-1 gene validation

Total genomic DNA will be extracted from young leaves of each variety using the
method described by Lodhi et al. (1994) with a dlight modification. The DNA will be
guantified against a lambda DNA on 1.0% agarose gel stained with ethidium bromide and
diluted to 5ng/ul for PCR amplification. The Pup-1 linked marker reported earlier by Chin et
a. (2010, 2011) and Gamuyao et a. (2012) were validated for P-deficiency tolerance in
indigenous upland rice using PCR components and conditions as their previously reported by
Sarkar et . (2011).
Satistical analysis

Analysis of Variance (ANOVA), correlation and linear regression analysis were
conducted on the observed traits using R- program version 2.10.0 (R Development Core

Team 2008).
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Results and discussions

Phenotypic response

The phenotypic response of 186 indigenous rice genotypes under both experimental
years were showed in Table 1. In season 1, the genotypes showed highly significant in tiller
number (TN), plant height (PH), shoot dry weight (SDW), root dry weight (RDW) and total
dry weight (TDW) under both applied phosphorus (AP) and non-applied phosphorus (NAP)
conditions. Root/shoot ratio (RSR) was not significant under applied phosphorus (AP) but
highly significant under non-applied phosphorus (NAP) condition. The plant symptom score
(SC) and dry weight reduction under non-applied phosphorus (NAP) were highly significant
(Table 1). In season 2, all of trait were significant under both phosphorus conditions. The
reduction of dry weight was 48% in season 1 and 34% in season 2 that referred to the severity
of phosphorus deficit. That result can be confirm by the SC was showed higher in season 1
than season 2 (Table 1). The different of season and genotypes was found effected to all
collected parameters. The season x genotypes interaction was highly significant except the
RSR in AP condition and TN, RSR and dry weight reduction in NAP condition. The SC of
genotypes was different between season, genotypes and season X genotypes interaction
(Table 1). The reduction and SC were high referred to the severity of phosphorus deficit.
Variability among the genotypes was highest for all traits especially under NAP with CV's of
7.3% to 15.9% (Table 1). The different of season was the main problem of severity symptom
due to the different of humidity, temperature and intensity of light. Although, the hydroponic
screening was conducted under greenhouse condition but the ambient condition was varies
depended on environment condition. The controlling of P ions under hydroponic systems was
useful for large scale screening (Asoa, 2012). Moreover, total dry weight under NPA in
season 1 was generally low because of the high temperature than that in season 2. The low of

SC referred to the severity of phosphorus deficit in season 1 as the reduction of plant dry
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weight. The reduction of plant dry weight was greatly correlated with SC under phosphorus
deficiency condition in rice. The P-deficiency were associated with growth and devel opment
of plants (Marschner 2012); growth retardation, small and curly leaves and reduced numbers
of tillers (Dobermann and Fairhurst 2000). Shoot dry weigh under NAP condition was lower
than under AP condition aso observed under limited P conditions which SDW were
considered as the best parameter for P-deficiency tolerance and P-utilization efficiency is
directly proportional to the P-deficiency tolerance (Aluwihare et al. 2016).

The correlation of some traits under both AP and NAP conditions revealed a high
significant within and between conditions. The SC were negative correlated with TN (r= -
0.293**), TDW (r= -0.291**), SDW (r= -0.356**) and RDW (r= -0.216**) which it's
indicated that the large plant size can be more tolerance under phosphorus deficiency
condition. However, the reduction of dry weight was positive correlation with the large plant
size such as large TN (r=0.453**), TDW (r=0.563**), SDW(r=0.495**) and RDW
(r=0.545**) under AP condition. On the other hand, DWR was negative correlation with TN,
TDW, SDW and RDW under NAP condition. There are indicated that the plant size was
more importance under phosphorus deficiency condition. Furthermore, the large reduction of
dry weight was correlated with high SC (r=0.361**) which the score can be predict the
reduction and the large score was found in low TN and low plant dry weight genotypes
(Table 2). The high TN was more tolerance to P-deficit due to the high tolerance to P-
deficiency was depended on P uptake of genotype which tiller was more correlated with P
uptake (Wissuwa and Ae 2001). Moreover, genotypes could be produce large number of tiller
under P deficit condition compared to efficiency condition (Aluwihare et al. 2016).

In addition, RDW and SDW was referred to P uptake in plant that showed more
general adaptation to P deficiency (Wissuwa and Ae 2001), there are reliable criteria to

identify genotypes with tolerance to P deficiency. The low SC was due to a large root system
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and SDW, however, cannot be attributed increasing RSR because their larger roots provided
sufficient P to maintain shoot growth (Wissuwa and Ae 2001). The increasing of root dry
weight under NAP condition were enhancing the total surface area available for soil
exploration and acquisition of nutrients affected to amount of absorptive surface area
(Raghothama 1999) which showed low SC. The dry weight reduction (DWR) was the criteria
for determine the potential of genotypes which correlated with SC. More than 50% dry
weight reduction under P deficit condition which dry weight was more correlated with P
uptake by plant (r=0.96**) (Wissuwa et al. 1998). So, the high reduction were low potential
under P deficit condition.

The phosphorus deficiency tolerance was the interested trait in upland rice which
phosphorus was fixed by soil particle (Shimizu et a. 2008). In the study, the results showed
that the genotypic variation for the ability to P-deficiency tolerance (Table 1). Based on PDTI
the genotypes was observed towards the more positive far side were more P-deficiency
tolerant (Figure 1). In some group of indigenous upland rice were high tolerance even the
previous report were no systematic studies are available for evaluate the P-deficiency
tolerance of a large number of rice cultivars of diverse origin and plant types (Saito et a.
2015; Aluwihare et al. 2016). However, the large scale screening was the guideline to
grouping the genotypes for further study. The different in PDIT in season 1 and 2 and
affected to the combined analysis were showed in Figure 1. The different of genotypes
response was due to the weather condition in each season. Season 2 had more tolerance than
season 1 due to the lower temperature throughout the growing period (average 28 °C) while
the average temperature of season 1 was 32 °C. The response of genotypes in season 2 were
high PDTI than season 1 due to the low temperature affected to low PDTI (Figure 1). The
genotypes were separated into 6 groups based on PDTI; highly tolerance, tolerance, moderate

tolerance, moderate susceptible, susceptible and highly susceptible.
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The three genotypes were grouped based on PDIT. The genotypes group 1 was highly
tolerance and tolerance, genotypes group 2 was moderate tolerance and moderate susceptible
and genotypes group 3 was susceptible and highly susceptible. The reduction of TN was
more in genotype group 3 than group 1 and 2 as same as TDW. SDW was more reduction
than RDW in al genotypes groups. Under NAP condition was increase the root/plant
especially in genotypes group 1 which highly tolerance and tolerance to phosphorus
deficiency. The ratio of root was more in NAP condition than AP condition in all genotypes
groups (Figure 2). The NAP condition was affected to the reduction of above ground plant
part. The genotypes with high tolerance to P-deficiency was low reduction and can be
maintain the shoot and root growth than the susceptible groups. PDTI was the key selection
criteriain this study due to the large scale screening in seedling stage did not had final yield.
The basic criteria such as SC was more effective in the previous but it large variation. PDIT
were use more characters for calculated, so, it more accuracy. The genotypes were grouped
base on PDIT showed in Figure 2. The high tolerance group with high PDIT showed good
tiller number, SDW, RDW and TDW as Zhang et al. (2015) use the low phosphorus tolerance
index (LPTI) and low phosphorus performance index (LPPI) for good selection criteria under
low phosphorus condition at seedling stage in maize. In many study had large number of trait
which calculated as an index such as phosphorus efficiency index (Koide et a., 1999), LPTI
and LPPI (Zhang et al., 2015). In this study, the selection of genotypes would be based on the
SC and PDTI due to the variation of traits under different season. The eight genotypes with
one check (PLD, ULR145, ULR124, ULR031, ULR026, ULR260, ULR183, ULR180 and
ULR305) which high PDTI and low SC (<3) were selected for the further breeding program

(Figure 3).
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The validation of Pub-1 gene linked markers

The validation of Pup-1 linked gene with 9 markers including Pupl-K42, Pupl-K43,
Pupl-K46, Pupl-K52, Pupl-K41, PSTol-1, K1, K5 and K29-1 were demonstrated that each
lines appeared the expected band ranged from 0 to 9 markers (data not shown). The relation
analysis between markers and tolerance are low relation. The most efficiency markers can be
distinguish between tolerance and susceptible lines is K1 and K29-1. The Pupl gene family
had been reported the remaining candidate genes encode a putative fatty acid oxygenase, a
dirigent-like protein, an aspartic proteinase, hypothetical proteins, and a putative protein
kinase (Heuer et a. 2009) and severa reported that the Pupl gene family was highly
conserved in stress-adapted rice accessions (Chin et al. 2010, 2011). Moreover, some
indigenous upland rice lines such as UIR183 and ULR213 has the high tolerance ability
without Pup-1 linked gene product. Those varieties was suit for future study for P- deficiency
genes.

In summary, the large scale screening at seedling stage were usefulness athough
environment cause to the variation of genotypes. The phosphorus deficiency tolerance index
(PDTI) could be used as a selection criteria together with the plant symptom score in large
population. The genotypes with high tiller number, SDW, RDW and TDW were more
tolerance than low dry weight genotypes. Eight upland genotypes, ULRO031, ULRO026,
ULR124, ULR145, ULR180 ULR183, ULR260, and ULR305 were high PDTI and low plant
symptom score as tolerance indigenous lowland rice variety (PLD). These genotypes are
useful for breeding program and UIR183 and ULR213 was target for identify new allele for

P- deficiency tolerance in further work.
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Table 1 Analysis of variance for the mean value tested traits under applied phosphorus (AP) and non-applied phosphorus (NAP) condition and

two seasons combine.

Seasonl Season?2 Combine’

AP CV  NAP cV AP cV NAP  CV AP cv NAP cV
Traits' (%) (%) (%) (%) S G SXG (W s G G (W
Tiller 313** 235 228** 252 2.75** 310  1.83** 179 T 49 ** *x pns 91
Plant height ~ 84.08** 95 4357** 89 64.71** 237  4491** 179 NA NA NA NA NA NA NA NA
SDW 1.35** 46,0 045** 283 1.24** 397  057** 440 *k ko kx 103 k% x% kx Q]
RDW 0.51** 346 041** 257 0.31** 511  037** 367 ¥k Ak kx Q@ k% x%  kx 73
TDW 1.86**  39.0 0.85** 232 1.55** 392  0.94** 367 ¥k kk kx Q3 k% wk kx 74
RSR 040™ 471 097** 300 027+ 619 075+ 56.3 *% % png 125 **  ** s 98
SC NA NA  4.04** 282 NA NA 328 329 NA NA NA NA ** *x %% 73
DWR (%) NA NA  47.74** 418 NA NA 3414 971 NA NA NA NA ** * pg 159

'SDW=shoot dry weight, RDW=root dry weight, TDW=total dry weight, RSR=root/shoot ratio, SC=plant symptom score, DWR=dry weight

reduction (%). 2 S=season, G=genotypes, SxG=season x genotypes interaction. NA=not available data.
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Table 2 Correlation among selection criteria under applied phosphorus (AP) and non-applied phosphorus (NAP) condition of two season

AP NAP

Trait'  tiller TDW RDW SDW RSR tiller TDW RDW SDW RSR SC DWR PDIT
AP tiller 1.000

TDW 0.645** 1.000

RDW 0.535** 0.819**  1.000

SDwW  0.634** 0.986** 0.712**  1.000

RSR -0.256** -0.235** 0.162* -0.336**  1.000
NAP tiller 0.513** 0.283** 0.237** 0.277** -0.081 1.000

TDW 0.285** 0.423** 0.361** 0413** -0.140 0.606** 1.000

RDW 0150 0.306** 0.376** 0.265** 0.004 0.536** 0.881** 1.000

SDW  0.334** 0.443** 0.304** 0.454** -0.215** 0.579** 0.952** 0.695** 1.000

RSR -0.210** -0.164* 0.032 -0.210** 0.189* -0.224** -0.307** 0.056 -0.499** 1.000

SC 0.069 0.147  0.200* 0.121 0120 -0.293** -0.291** -0.356** -0.216** -0.098 1.000

DWR 0.453** 0.563** 0.495** 0.545** -0.143 -0.225** -0.334** -0.371** -0.274** 0.072 0.361** 1.000

1SDW=shoot dry weight, RDW=root dry weight, TDW=total dry weight, RSR=root/shoot ratio, SC=plant symptom score, DWR=dry weight

reduction (%), PDIT= phosphorus deficiency tolerance index. *, ** =significant at p<0.05 and p<0.01, respectively.
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high, moderate and low tolerance under phosphorus deficiency. N=22, 107 and 37 in group 1,

2 and 3, respectively.
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