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RD91, a Non-glutinous Rice Variety
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Abstract

Export markets of Thai rice in many countries have yet demanded a medium grain rice due to severe
and long-term drought in new rice producing countries. In Thailand there is only one medium grain rice
variety, RD81, which still lacks of some characteristics to satisfy diverse market needs. Therefore, research
was conducted to obtain a variety with medium grain (as demanded by export market), high yield, early
maturity and photoperiod-insensitive for cultivation in irrigated paddy fields in order to increase opportunity
and expand Thai rice markets. Seeds of rice restorer line (R line), IR101870-60-1, were introduced from the
International Rice Research Institute and grown for pure line selection from F5 to F7 to obtain a medium grain
line, IR101870-60-1-PTT-5-3-27. Research have been carried out during 2015 to 2021 through the following
crop improvement steps, i.e., varietal observation, yield trials, evaluation on rice disease and insect pests,
response to N fertilizer application, analyses for grain physical and chemical quality, milling quality, cooking
and eating quality, and evaluation of farmers’ acceptance. The promising line was subsequently approved
by the Varietal Releasing Committee of the Rice Department to be a certified variety, “RD91”. Itis a photoperiod-
insensitive, non-glutinous rice with 107 days to harvest (transplanting), 107 cm height, erect plant type, green
leaf color, moderately well-exserted panicle, 30.7 cm leaf length, mostly compact panicle, 200 fertile seeds
per panicle, low panicle shattering and easy panicle threshability. RD91 has straw-colored husk, medium

grain size with a paddy grain size of 8.25 mm length, 3.10 mm width, 2.06 mm thickness, and white dehulled

" gueRdadnnulyusnil 8.5tyys a.dywendl 12110 Tnadnef 0-2577-1688
Pathum Thani Rice Research Center, Thanyaburi, Pathum Thani 12110 Tel. 0-2577-1688
2 ganUdANeNANARTINUUNTNGE 9.1509 2. 4WeTtUL3 72000 Tnsdwil 0-3555-5340
Thailand Rice Science Institute, Mueang, Suphan Buri 72000 Tel. 0-3555-5340
¥ gueRded991917 @.1004 A.39991F 70000 Tnadnif 0-3273-2285
Ratchaburi Rice Research Center, Mueang, Ratchaburi 70000 Tel. 0-3273-2285
Y gueRdedadeaum a.iles 4 dawn 17000 Tnadnef 0-5641-1733
Chai Nat Rice Research Center, Mueang, Chai Nat 17000 Tel. 0-5641-1733
¥ gueMded1aimnlan 2. 4mes a.fwnlan 65130 nedAnsi 0-5531-1184
Phitsanulok Rice Research Center, Wang Thong, Phitsanulok 65130 Tel. 0-5531-1184

¥ nadidtuwazWmuI419 n3Nn13E19 ARANs nganny 10900 3dw 0-2579-7892
Division of Rice Research and Development, Rice Department, Chatuchak, Bangkok 10900 Tel. 0-2579-7892

938139111949 TN 12 27”2 nIngIAN - FudnAN 2564 5



grain with 5.73 mm length, 2.63 mm width, and 1.86 mm thickness. It has medium grain shape, moderately
large chalkiness (1.60), good milling quality (62.2 percent whole kernel and head rice), low gelatinization
temperature, soft gel consistency, normal elongation ratio (1.67), and soft, slightly sticky and non-aromatic
cooked rice. Remarkable features of RD91 are medium grain size, non-glutinous, photoperiod-insensitive,
low amylose content (18.49 percent), leaf blast resistance, high yield (763 kg/rai) with yield potential of 1,100
kg/rai in farmers’ fields. It is recommended for irrigated paddy areas in central and lower northern regions,
especially where there are demands of entrepreneurs for buying and processing paddy rice yields to milled
rice. Caution should be taken as this variety is moderately susceptible or susceptible to brown planthopper
and susceptible to bacterial leaf blight.

Keywords: RD91, non-glutinous rice, medium grain, photoperiod-insensitive, varietal improvement, yield, leaf

blast, irrigated paddy field, central region, lower northern region
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3. MSNARAUAMNATUNIUADLTALASUNAIARS
LTel)
nIneaaLANAUNUselsALa AR
TWAzuuuaInN19m1u Standard Evaluation System for
Rice (IRRI, 2014)
3.1 AwuA N IuAe IsA 79

3.1.1 Taplusd (blast desease, Pyricularia
oryzae Cavara) NageULl])ieN1e4d19%W1g n191 sie
T3alugiszaznan (leaf blast) Ineidd upland short row
WesumeuAuRug N163 uay nug1 InalWuguNE 71
WwilginunuFauiay uazRlganentza 105
AR 17 iwiugaeuuen Faumiey Adiunig
faueRdtdnlusnil deum funglan uazemnfd u
U w.A. 2563 uaz 2564

3.1.2 Tspuavluuis (bacterial leaf blight,
Xanthomonas oryzae pv. oryzae (Ishiyama, 1922;
Swing et al., 1990) NAa UL 7121899197 UE N191
sialsnreulunis uFaumeuiuiug n163 waz nu8
Tnaidiiug nu7 IRBB5 uaz IRBB21 luiugaunIy
Wrsuiey uasiuguanenuzd 105 uaz na9 1l
fufseuuaiauiey Ugnideaniug (inoculation)
ImeRafnludn (clipping method) Aiiunnsluann
waanmaasiiguiidadnadaum Tul w.a. 2563

WaY 2564
3.2 ANANUNIUABUNANARF T

3.2.1 waanatlandinmia (brown plant-
hopper (BPH), Nilaparvata lugens (Stal)) nadaawl
Ufsenaesdnoiug nu91 wWhauinauiuwug nu63
uwaz nu81 tEHWUE Rathu Heenati uay PTB33 1l
WS UL BaUWay ezl ngawnn 1 (TN1)
waz na7 Wuiugaeuwan Fauiniay Ineds seedbox
screening 184 Heinrichs wazAnle (1985) ANLTUNIT
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waY 2564 warleztInsunadandandngneys i
Auedadnays Tl w.a. 2563

4. mspavsuassiailalulnsiau

siunefiguiisadnauenil lugqul 2563
Foenuduiumilon Taueingreudnege (2.60
saFidus) W@@W@%@ﬁlﬂuﬂiﬂmﬂqq (44.89 ppm)
IWLLML%N?{M@H@N (177 ppm) Audlunsadn (pH
5.06) AndAuANgANaNYIniAaud19ge (n9x
W@Jm‘ﬁ'ﬁu, 2559)

NAFBLNNIALLAUBITBIT1% UG N291 sadle
Tulnsiau 6 dm9n Aa 0 6 12 18 24 uax 30 Alaniu
ulasiausiels seailudanilaveanasa 6 Alansw PO,
sials wazdlawunaideon 6 ilandu K O

5. ADMWLNRANTNIANIN AMININNNGR AW
LHAANIGLAN WAZAMNINNSUIANLAZSULTENIY

5.1 ALUNINNAAN NAENIN UASADNINNITA
ATTTAUNINNAANNNIENTWRATATININN 1A
293919WUE NU91 WFBLRILRLINIG N163 uay Nus1
piunsfiguisednatyuenil 1l w.a. 2564
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UAZFULsEN I BAINTTAUNININAANISLAN LAE
ANNINNNTYNANLALTUUEN D919 UE N2
Wieuifuiuiug n163 waz n181 Anunisi
AugRatdUus T Tl w.a. 2564
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1. Anwouzilszanug

“nu91” iiludnaidn T lasiedaguas Heneiufen
107 3u (Ugninedaiingn) Aanuga 107 wusiums N3
9:/ o v [~ a a ?.’/
nass arsuudennn lusazniuludiaes yudanelusa
AT ANNENRLY 48.2 WURLNAT NN9 1.48 [EURALNAST
NN TUF9IMI AN TUES 44.2 LIURINAT 1919 1.42
EIUFLNAT ABTINAU 79817 30.7 LIURLNAT 999AD1
% ] 2»-:1‘ o @ a I3 a
19U 72D ANUILNARARBTIN 200 WAA NNTAA

WAR 82.4 1BFITUE WARTINUAY WIRAINE TEEZNNA
Wwan 8 dlanif (Fig. 1-4)

o

Fig. 2 RD91 at maturity stage



Fig. 3 RD91 at ripening stage

- z 3 Wl Foww

Fig. 4 Panicle length of RD91

RD&3

Fig. 5 Paddy rice (top), brown rice (middle) and milled rice (bottom) of RD91, RD63 and RD81
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2. HANRALATANHUENINTINEAST

2.1 nmsulFaudisunanannizluaniil antiu
miwmmﬁ@uﬂ?%%qﬂnumﬁ lunau1tlss 2561
wudn draviug na91 Wandmadn 707 Alansustels
gendniug na31 (665 Nlaniusiald) uaz nu63 (680
Alanfusals) adrelidadAyn1eanin Soaas 8 uaz 4
FANANAL waznaul 2561 wudn darug nag1 1
nanARRAY 750 Alansusiels gendniug na31 (674

[

Alanfusals) adnaluadAtynieaia Seaaz 11 ws
Tduansinensatifnuwug nae3 (726 lansusials)
(Table 1)
= a 1 a o a
2.2 mFeLREUNANARTENINAE AL
nefigudddadalyuail daum Annlan uae
an1tAnenAanfawietng Tl w.e. 2562

9115y 2562 feueAsadnatyunnil draiug
n191 Wuandaiade 658 Alaniusials laluansneiu
NNADANURLE N263 (670 Alandsiald) uaz nag1
(620 Alansusiels) TirnAdtdradtum Fraiug naod
Iuananads 672 Alansusiels snnd g nu63 (738
Alansusiald) way nast (717 Alansusials) Aaniti
Anenananfiauiend 41aWug nao1 Wuandniads
835 Atansusials gandnniug n163 (754 Alaniusials)
waz n281(758 Alanfusald) adlilagAnyneais
uazfiruisedafinagdan drasiug nao1 uande
e 871 Alansustels laiumnsneiuneadafiug
na63 (909 Alaniusials) usigandiviug nus1 (629
Alansusials) adsliadAnyneas

WAL 4 anufitlan dravug na91 Winauas

Table 1 Yields (kg/rai) of RD91 compared with RD31 and RD63 in intra-
station yield trials at Pathum Thani Rice Research Center in dry
season and wet season, 2018

Variety Dry season Index (%)  Wet season Index (%)

RD91 707 a 108 104 750 a 111 103

RD31 655 b 100 - 674 b 100 -

RD63 680 b - 100 726 a - 100

CV (%) 11.52 9.01

Means in the same column followed by a common letter are not significantly

different at 5% level by DMRT

Table 2 Yields (kg/rai) of RD91 compared with RD63 and RD81 in inter-station yield trials in dry season

and wet season, 2019

. Dry season Wet season
Variety Avg  Index (%)
PTT ~ CNT TRSI PSL  Avg PTT  CNT TRSI Avg
RD91 658 672b 835a 871a 759 647a 706b 684b 679 719 96 108
RD63 670 738a 754b 909a 768 699a 808a 705a 737 753 100 -
RD81 629 717a 758b 629b 683 520b 749b 688b 652 668 - 100
CV (%) 777 801 10.63 6.46 6563 722 11.88

Means in the same column followed by a common letter are not significantly different at 5% level by DMRT
Rice Research Centers : PTT = Pathum Thani, CNT = Chai Nat, PSL = Phitsanulok

TRSI = Thailand Rice Science Institute, Suphan Buri
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\ade 759 Alansustels G%ﬁﬂdﬁﬁuﬁﬂﬂ63 (768 Alansu
sinls) usigandniig nas1 (683 Alandusiald) (Table 2)

aundl 2562 TigusAsudraryusnil drarug
n991 uaudmadn 647 Alanusels liumnsineiu
NNATANLWLE N163 (699 Hlaniirials) usigendnrig
na81 (520 laniusiald) adaliad1Ayn19ans 7
ArAsudadum draiug neo1 Wuandmiade 706
Alansusials I?%’]ﬂ']"]ﬂ/uﬁf n163 (808 Alaniusals) ws
Tdsinaiunnsatifiduiug nas1 (749 Alansusials) uas
fianniAneAnandnauieni Frawug naot 1%

1 o/ &

nauAmLaAY 684 Alaniustels r;i"ﬁmf]wuﬁq n163 (705
Alansusials) usldsnaiumnsadfduiug nus1 (688
Alansusals)

AT 4 anufign drasig na91 Wuawde
\aie 679 Alansustels G%ﬁﬂdﬁﬁuﬁﬂﬂ63 (737 Alansu
sinld) usigandniug nas1 (652 Alansusials) (Table 2)

\aAEN 2 falgn 4aviug na91 IfuanAnads
719 Alansusials I?%’]ﬂ’)"]ﬂ/uﬁ:ﬂﬂ63 (753 Alansusials)
Faeiny 4 usigandniug nus1 (668 Alandustals) feeims 8
(Table 2)

2.3 N FELTIELNANAR 17T ATiung
Tunilasuineasns aneaignni dsudailyusd
aunaaunszia AIUTARIUNLINTS LazaLnaLles
Fandngnasni)s lungundl 2563 uaznauilia 2564

naunil 2563 fignadignnn Swmdatlnuanil

¥ o

draviug na91 WinauAmadn 736 Alansusiels lasing
Aunsatifduiug nae3 (768 Alansusials) WAFNN
Wug nag1 (870 Alaniusals) fienaaunszile
Sawdariunamnes $109ug 191 fuandniads 862
Alandustals gandnviug nu63 (745 Alaniustals) ate
Rl A ATy aia wstlaisneriumeadAnuwLg N8
(840 Alansusiels) fienaiiies S inguarnifd 419
g na91 tuanAniade 774 Alansusels laiuansing
AumRaBARURLE n263 (750 Alaniusials) usigenadn
Wi nag1 (693 Alaniusials) atinslitidAnyneadin

aAEmTa 3 anuign drasiug nao1 Wiauan
e 791 Alansustels gand1Miug n163 (754 Alansu
pials) LLﬁiﬁ?ﬂﬂdﬁﬁuﬁ nu81 (801 Alansusals) (Table 3)

AU 2564 fisninaangnn damdatlnuail
g na91 uandniads 722 Alansustels gand,
Wi na63 (646 Nlaniusials) acinelitidAnyn9ada
wsiladumnsineiuneatiaiuiug nu81 (750 Alaniu
sials) Tienneanunaziie dwinrunames drovug
n191 Wianamada 814 Alansusiels liunnsineiu
NNADANUNUG N 63 (848 Alansusials) uaz nag1
(882 Alansusiels) fienaiiias S inguarnifd 419
sug n191 Wuandn 1ade 666 Alaniusals 1
wanENAUNaRRAUWUE nu63 (587 Alaniusials)
LLGi[ﬁ%’]ﬂ’]"]W/uﬁ nu81 (706 Alansusals)

aAEmTa 3 anufilgn drastug nao1 Wiauan

Table 3 Yields (kg/rai) of RD91 compared with RD63 and RD81 in on-farm yield trials in wet season,

2020 and dry season, 2021

Wet season, 2020

Dry season, 2021

Variety Avg Index (%)
PTE KPT SPB Avg PTE KPT SPB  Avg

RD91 736b 862a 774a 791 722a 814 666b 734 763 105 97

RD63 768b 745b 750a 754 646b 848 587b 694 724 100 -

RD81 870a 840a 693b 801 750a 882 706a 779 790 - 100

CV (%) 420 470 9.00 8.00 4.05 6.07

Means in the same column followed by a common letter are not significantly different at 5% level by

DMRT

Locations : PTE = Lam Luk Ka, Pathum Thani, KPT = Lan Krabue, Kamphaeng Phet,

SPB = Mueang, Suphan Buri
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Table 4 Agricultural characteristics of RD91 compared with RD63 and RD81

in on-farm yield trials in wet season, 2020 and dry season, 2021

Variety Harvesting age (day) Height (cm) No. of panicles/nill
WS DS Avg WS DS Avg WS DS  Avg
RDI1 108 106 107 12 101 107 8 9 9
RD6E3 120 117 119 96 90 93 10 11 11
RD81 101 105 103 120 110 115 9 9 9

Rice cutivated by transplanting, Data averaged from 3 locations

WS = wet season, DS = dry season

Table 5 Reaction of RD91 to leaf blast disease by upland short row tests compared
with RD63 and RD81 conducted at 4 Rice Research Centers in wet season,

2020 and dry season, 2021

Crop year Variety Reaction”
PTT CNT PSL RBR
WS, 2020 RD91 HR R HR -
RD63 HR MS HS -
RD81 HR MS MR -
Hahng Yi 71 (resist. ck.) HR MR R -
Khao Dawk Mali 105 (suscept. ck.) HS HS HS -
Khao Tah Haeng 17 (suscept. ck.) - MS - -
DS, 2021 RD91 HR - - R
RD63 HR - - HS
RD81 HR - -
Hahng Yi 71 (resist. ck.) HR - -
Khao Dawk Mali 105 (suscept. ck.) HS - - HS

" Scored by Standard Evaluation System for Rice (IRRI, 2014)
HR = highly resistant, R = resistant, MR = moderately resistant,
MS = moderately susceptible, S = susceptible, HS = highly susceptible
Rice Research Centers : PTT = Pathum Thani , CNT = Chai Nat, PSL = Phitsanulok,
RBR = Ratchaburi

WS = wet season, DS = dry season, - = not conducted

938139111949 TN 12 27”2 nIngIAN - FudnAN 2564
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\ade 734 Nlaniusials gand1ug nae3 (694 Alanin
sials) uassnndniug nus1 (779 Alaniusials) (Table 3)
d‘ v o & v a Q;
AL 2 fatlgn 419viug na91 Wau@mnaae
763 Alaniusials gandnniug n163 (724 Alaniusials)
fatar 5 uAAINdIWUE nus1 (790 Alanfusials)
Faeay 3 (Table 3)
AVFUANHULNNNTNEATIN 2 AUan WU
! & o o S =3 = = o
1 d19iug n291 HenepiviNaaaae 107 1 ANga
107 LIURLNAT LAZANUIUINABNE 9 799 (Table 4)
3. ANMNAUNUABTSALATUNAIANSEINY

3.1 mawsunuaalsatg

3.1.1 1301115 (rice desease) nagaulnsen
sialsplnfszazndniiguiidadadnusiil daum
Weoglan wazs19ys Tugaund 2563 waznguidlia
2564 Wud1 419%ug n291 HUJATeIFIuNIuda
Frunugsialsnlud (Table 5)

3.1.2 Tspaavluwiie (bacterial leaf blight
disease) nagaulfizefelsareuluwisluanin
uilaannang ﬁ@uﬁﬁﬂ%’mfﬁ“ﬂmm W.A. 2563 LAY 2564
wudn 4199ug n291 Nulfisendeunesialsnaeyluuie
(Table 6)

£ 1 o v
3.2 ANFIUNIUBBUNANARZT1
v v
3.2.1 waegnszinnduinna (brown plant-
aaa 1 dsj = 9(:
hopper) nagaulizasemannszlanduinialy
A A o v A o P
anlssFeunAuRdedalnuantl deum uaz ez
T w.A. 2563 uaz 2564 wudn 4aviug na91 HUfAsen
v v
AauUT19aauLanIaauLaRaNALNTLIAARLIAA
(Table 7)

4. mspausuasiailalulnsiay
punanAueRAed1Lnus lugauiil 2563
d‘ 4” a a IS a a o ' ¥ ¥
Fotlefudunumtien WTunnsusadnnaeudiaies
AutANgANaNYsiAau1age wudn 419%g nu91
pavauadsiadlalulnsaundnani2 Alaniululnsiaw
sinls Inelvinanamnaas 787 Alandusials Hgtuuunig
povauassetdlulnsauiiudulis (Fig. 6) a9

1Al o

Tinanangagn 795 Alandusials Ndnen 12.33 Alaniu
lulnsiausels naldilafisnm 6 waz 12 Alansy
lulnsiausiels Wnanaminiugendnnislaldils
Tulnsan wiliuansnefunmeada uazileldijafisne
18 uaz 24 Nlaninlulnsiawsiels nandnazanas uay
anasnniilaldilafisnm 30 Alansululnaausels
aena e dATYNNaDA (Table 8)

Table 6 Reaction of RD91 to bacterial leaf blight disease compared

with RD63 and RD81 conducted in experimental fields at
Chai Nat Rice Research Centerin 2020 and 2021

Variety Reaction”
2020 2021
RD91 S S
RD63 S S
RD81 S HS
RD7 (resist. ck.) S S
IRBBS5 (resist. ck.) R MR
IRBB21 (resist. ck.) R MR
Khao Dawk Mali 105 (suscept. ck.) HS HS
RD9 (suscept. ck.) S S

"Scored by Standard Evaluation System for Rice (IRRI, 2014)

HR = highly resistant, R = resistant, MR = moderately resistant,

MS = moderately susceptible, S = susceptible, HS = highly susceptible
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Table 7 Reaction of RD91 to brown planthopper compared with RD63

and RD81 in greenhouses at 3 Rice Research Centers in 2020

and 2021
Variety Reaction”
PTT CNT RBR
2020
RD91 MS MS -
RD63 MS MS -
RD81 MS MS -
Rathu Heenati (resist. ck.) R R -
PTB33 (resist. ck.) MR R -
TN1 (suscept. ck.) HS HS -
RD7 (suscept. ck.) HS - -
2021
RD91 MS S S
RD63 MS S S
RD81 MS S S
Rathu Heenati (resist. ck.) R R MR
PTB33 (resist. ck.) MR MR MR
TN1 (suscept. ck.) HS HS HS
RD7 (suscept. ck.) - HS HS

Scored by Standard Evaluation System for Rice (IRRI, 2014)

HR = highly resistant, R = resistant, MR = moderately resistant,

MS = moderately susceptible, S = susceptible, HS = highly susceptible
Rice Research Centers : PTT = Pathum Thani, CNT = Chai Nat,
RBR = Ratchaburi

- = not conducted

5. AMWLNAANINNILNIN ATATWNISR AN
LWHAANILAN WAZAMNINNMTUIANLAZSULTENIY

5.1 ALINININAAN NNIENIN UAZANNINNIE
dnoviug nu91 udnadn waenwandnie dauaan
AAuEN0 8.25 RAAWAT N9 3.10 AAAWAT 1N
2.06 Hadiums 919Na898219 ANENL 5.73 NARINAT
nd19 2.63 NARLNAT 11 1.86 HAALNAT JUTIUNER
11unas (BRIdauANeNFaAIINNaNg 2.20) AN
81112419 5.56 NAAWAT N4 2.56 NAALNAT YU
1.82 fiadns edldAaudnanin (1.60) suvindan

938139111949 TN 12 27”2 nIngIAN - FudnAN 2564

widen 1,000 wihin 24.2 nfu shwindhaulden 11.46
Alanfuseads Arunnniadanin Tddasinwdnuay
pudnadenas 62.2 (Table 9) (Fig. 5)

5.2 ANINNAANINAT UAZATUNINNITYNAN
uazFulrenan drawug na91 udnafidiun
afilaann (Fanaz 18.49) grungiutdegnenlagnis
ANAAZILAINAINITAAENAA LA 7.0 AINHAIHY
utlgndeu nstinsazestingnung (1.67 win) 41agn
1 Aeudhaiien uazlifinduves (Table 10)
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Fig. 6 Nitrogen response of RD91 at Pathum Thani Rice Research Center in wet

season, 2020

Table 8 Average yields of RD91 at different rates of nitrogen application

at Pathum Thani Rice Research Center in wet season, 2020

Rate of fertilizer
(N—PQOs—KQO kg/rai)

Yield (kg/rai)”

0-6-6 460 ab
6-6-6 752 a
12-6-6 787 a
18-6-6 785 a
24-6-6 761 a
30-6-6 640 b
CV (%) 7.66

"Means in column followed by a common letter are not significantly

different at 5% level by DMRT

6. NFUANSUURILNEATNST

&
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Table 9  Grain physical characteristics and milling quality of RD91 compared with RD63 and RD81 conducted

at Pathum Thani Rice Research Center in 2021

Characteristic/quality RD91 RD63 RD81
Seed color :
Paddy rice straw straw straw
Brown rice white white white
Seed size (mm)
Paddy rice, length 8.25+0.28 8.7310.21 8.30+0.27
width 3.10£0.10 2.76+0.09 3.00+0.11
thickness 2.06+0.07 2.02+0.05 2.05+0.08
Brown rice, length 5.73+0.16 6.26+£0.18 5.70+0.18
width 2.63+0.09 2.36+0.07 2.60+0.06
thickness 1.86+0.06 1.77+0.05 1.86+0.06
length/width 2.20+0.15 2.65+0.12 2.19+0.09
shape medium medium medium
Milled rice, length 5.56+0.16 6.03+£0.16 5.66+0.15
width 2.56+0.07 2.32+0.06 2.52+0.07
thickness 1.82+0.06 1.72+0.05 1.85+0.06
Chalkiness 1.60 2.15 1.05
Paddy weight (g/1,000 seeds) 24.20 23.70 24.00

(kg/20 litres) 11.46 11.28 10.62
Milling quality (%)

Whole kernel and head rice 62.2 52.3 511

Husk 21.4 22.8 21.7

Bran 7.9 10.3 8.2

Broken rice 8.5 14.6 19.0

Average of 10 samples + SD

Shape (length/width) : > 3.0 = slender, 2.1-3.0 = medium, 1.1-2.0 = bold, < 1.0 = round
Chalkiness : < 1.0 = small, 1.0-1.5 = medium, 1.6-2.0 moderately high, > 2.0 = high

Whole kernel and head rice (%) : < 31 = poor, 31-40 = medium, 41-50 = good, > 50 = very good

938139111949 TN 12 27”2 nIngIAN - FudnAN 2564
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Table 10 Grain chemical quality and cooking and eating quality of RD91 compared with RD63 and RD81

conducted at Pathum Thani Rice Research Center in 2021

Quality RD91 RD63 RD81
Chemical quality
Amylose content (%) 18.49+0.00 19.63+£0.04 15.28+0.04
Gelatinization temp. low low low
Alkali spreading (1.7% KOH) 7.0 7.0 7.0
Gel consistency (mm) 80 75 80
Elongation ratio 1.67+0.02 1.59+0.08 1.69+0.02
Quality of cooked rice
Cooking (milled rice : water by weight) 1:1.7 117 1:1.7
Aroma 1.00£0.00 1.00£0.00 1.00+0.00
Whiteness 7.00+0.45 7.00£0.43 7.00+0.45
Glossiness 7.00+0.51 7.00£0.49 7.00+0.51
Cohesiveness 6.90+0.00 6.90+0.00 6.90£0.00
Softness 6.60+0.00 6.60+0.00 6.60+0.00

Average of 10 samples + SD

low, 20-25 =
Alkali spreading (1.7% KOH) : 1-3 = high, 4-5 =
Gel consistency (mm) : <40 = hard, 40-60 =

Amylose content (%) : < 20 =

Elongation ratio : < 1.9 = normal, > 1.9 = high
= texture analyzer
Aroma : 1 = none, 5 = intermediate, 9 = high

Whiteness : 1 =dull, 5=

intermediate, > 25 = high
intermediate, 6-7 = low

intermediate, > 60 = soft

light yellow, 7 = creamy white, 9 = very white

Glossiness : 1 = none, 5 = slightly shiny, 9 = very shiny

Cohesiveness : 1 = well separate, 5 = slightly sticky, 9 = very sticky

Softness : 1 = hard, 5 = moderate, 7 = soft, 9 = very soft
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Khah Ni 117, a Highland Rice Variety
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Abstract

Thailand topography consists of about 53 percent (67.2 M rai) highlands with elevation above 500 m
mean sea level located in 20 provinces in northern and central regions. Most of the areas are inhabited by
ethnic group populations who rely mainly on agriculture and rice cultivated for consumption. There is always
problem of inadequate amount of rice for consumption because of low yield due to seed impurities of various
traditional rice varieties. Therefore, a varietal improvement project was conducted to develop a pure line with
high yield and suitability for terrace cultivation. Samples of Khah Nirice cultivars were collected from farmers’
fields in Phrao district, Chiang Mai province and grown for pure line selection. Research have been carried
out during 2004 to 2020 through the following crop improvement steps, i.e., varietal observation, yield trials,
evaluation on rice disease and insect pests, response to N fertilizer application, analyses for grain physical
and chemical quality, milling quality and cooking and eating quality, analysis of nutritional value and farmers’
acceptance evaluation. The promising line was subsequently approved by the Varietal Releasing Committee
of the Rice Department to be a certified variety, “Khah Ni 117”. Itis a highland, non-glutinous and photoperiod-
sensitive rice with flowering date (50% flowering) about 4" to 24" October and harvesting date around 10"
to 24" November. It has erect plant type, intermediate culm strength, 143.0 cm height, green colored blade

with purple leaf tip, slow leaf senescence, 53.9 cm leaf length, 1.7 cm leaf width, 32.4 cm flag leaf length,
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26.7 cm panicle length, well-exserted panicle and high seed fertility with 148 fertile seeds per panicle. The
average farmer field yield was 517 kg/rai. It has straw with brown stripe colored paddy and white dehulled
grain, large chalkiness, low amylose content (15.10 percent), non-aromatic cooked rice, 10.2 percent protein
content in brown rice, good milling quality and no response to N fertilizer application. Remarkable features
of Khah Ni 117 are high yield potential (783 kg/rai) in a paddy field at 700-1,000 m above mean sea level,
high nutritional value, prebiotic activity and moderate resistance to leaf blast. It is recommended for terrace
cultivation. Caution should be taken as this variety is susceptible to white-backed planthopper and gall midge.
Keywords: non-glutinous rice, Khah Ni 117, photoperiod-sensitive, highland paddy field, terrace paddy field,
700-1,000 m above mean sea level, varietal improvement, yield, nutritional value, prebiotics, leaf
blast
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Fig. 1 Plant type of Khah Ni 117
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Fig. 2 Plant type of Khah Ni 117 at tillering stage in farmer ‘s field (663 metres above mean sea level)

Fig. 3 Panicle length of Khah Ni 117
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Fig. 4 Paddy rice (top), brown rice (middle) and milled rice (bottom) of Khah Ni 117

Table 1 Yields and agricultural characteristics of Khah Ni 117 compared with Khah Ni
(local var.) in intra-station yield trials at Doi Mon Lan Royal Project, Phrao
district, Chiang Mai province in wet season 2009

Variety Yield Index Height No. of Flowering date
(kg/rai) (%) (cm) panicles/hill

Khah Ni 117 750 104 143 5 15 Oct.

Khah Ni (local) 722 100 147 6 15 Oct.

CV (%) 16.9 15.0 1.9
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Table 6 Reaction of Khah Ni 117 to leaf blast disease by upland short row tests
compared with Khah Ni (local), Beu Ta Kee (local) and Khao’ Luang San-pah-
tawng conducted in experimental fields at 3 Rice Research Centers in wet
season 2015 2016 and 2019

Year Variety Reaction”
MHS PRE CMI
2015 Khah Ni 117 MS MR -
Khah Ni (local) MS MS -
Beu Ta Kee (local) MR MR -
Khao' Luang San-pah-tawng MS MS -
Hahng Yi 71 (resist ck.) MR MS -
Khao Dawk Mali 105 (suscept. ck.) HS HS -
2016 Khah Ni 117 MS R MS
Khah Ni (local) MS MS MS
Beu Ta Kee (local) MS - -
Khao' Luang San-pah-tawng HS MS MS
Hahng Yi 71 (resist ck.) MR R MR
Khao Dawk Mali 105 (suscept. ck.) HS HS HS
2019 Khah Ni 117 MR - MR
Khah Ni (local) MR - MR
Hahng Yi 71 (resist ck.) MS - MS
Khao Dawk Mali 105 (suscept. ck.) HS - HS

Scored by Standard Evaluation System for Rice (IRRI, 2014)
HR = highly resistant, R = resistant, MR = moderately resistant,
MS = moderately susceptible, S = susceptible, HS = highly susceptible
Rice Research Centers : MHS = Mae Hong Son, PRE = Phrae, CMI = Chiang Mai

Table 7 Reaction of Khah Ni 117 to whitebacked planthopper compared
with Khah Ni (local) conducted in greenhouse of Chiang Rai

Rice Research Center in 2019

Variety Reaction”
Khah Ni 117 HS
Khah Ni (local) HS
PTB33 (resist. ck.) MS
Khao Dawk Mali 105 (suscept. ck.) S
RD7 (suscept. ck.) S
Taichung Native 1 (suscept. ck.) HS

"Scored by Standard Evaluation System for Rice (IRRI, 2014)
HR = highly resistant, R = resistant, MR = moderately resistant,
MS = moderately susceptible, S = susceptible, HS = highly susceptible
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Table 8 Reaction of Khah Ni 117 to rice gall midge compared with Khah Ni (local), Beu Ta Kee
(local) and Khao' Luang San-pah-tawng conducted in greenhouse and experimental
field of Phrae Rice Research Centerin 2015 2016 and 2019

Year Variety Reaction”
Greenhouse Experimental field
2015 Khah Ni 117 S -
Khah Ni (local) S -
Beu Ta Kee (local) S -
Khao' Luang San-pah-tawng S -
RD53 (resist. ck.) MR -
RD4 (resist. ck.) MR -
Muey Nawng 62M (resist. ck.) R -
Khao Dawk Mali 105 (suscept. ck.) S -
RD1 (suscept. ck.) S -
RD6 (suscept. ck.) S -
2016 Khah Ni 117 HS -
Khah Ni (local) HS -
Beu Ta Kee (local) HS -
Khao' Luang San-pah-tawng MS -
RD4 (resist. ck.) MS -
Muey Nawng 62M (resist. ck.) R -
RD1 (suscept. ck.) HS -
RD6 (suscept. ck.) HS -
2019 Khah Ni 117 S S
Khah Ni (local) HS HS
RD22 (resist. ck.) MS -
RD53 (resist. ck.) MR -
Muey Nawng 62M (resist. ck.) R HR
RD4 (resist. ck.) - MR
Khao Dawk Mali 105 (suscept. ck.) HS -
RD1 (suscept. ck.) HS HS
RD6 (suscept. ck.) S S

" Scored by Standard Evaluation System for Rice (IRRI, 2014)
HR = highly resistant, R = resistant, MR = moderately resistant,
MS = moderately susceptible, S = susceptible, HS = highly susceptible

- = not conducted
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Table 9 Average yields of Khah Ni 117 at different rates of nitrogen

application at Mae Hong Son province and Chiang Rai Rice

Research Center in wet season, 2016

Rate of fertilizer

Yield (kg/rai)”

(N-P_O_-K O kg/rai) MHS? CRIY
0-6-6 376 226 b
4-6-6 393 328 a
8-6-6 415 219 b
12-6-6 385 325a
16-6-6 313 304 a
CV (%) 27.1 28.8

"Means in the same column followed by a common letter are not

significantly different at 5% level by DMRT

?Ban Tah Pong Daeng Royal Project, Mueang, Mae Hong Son province

(500 meters above mean sea level)

3)Chiang Rai Rice Research Center, Phan district, Chiang Rai province

(410 meters above mean sea level)
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Table 10 Grain physical characteristics and milling quality of Khah Ni 117 compared with Khah Ni (local)

conducted at Pathum Thani Rice Research Center in 2020

Characteristic/quality Khah Ni 117 Khah Ni (local)
Seed color :
Paddy rice straw with straw with
brown stripe brown stripe
Brown rice white white and red (50/50)

Seed size (mm)

Paddy rice, length 9.96+0.30 9.89+0.29
width 3.69+0.12 3.66+0.14
thickness 2.3340.09 2.35+0.08
Brown rice, length 7.03+£0.19 7.00+0.22
width 3.10£0.09 3.1320.12
thickness 2.07+0.06 2.07+0.08
length/width 2.27+0.10 2.24+0.10
shape medium medium
Milled rice, length 6.68+0.24 6.53+0.19
width 3.01£0.09 3.00+0.10
thickness 2.00+0.08 2.01£0.10
Chalkiness 2.40 2.44
Paddy weight (g/1,000 seeds) 38.4 38.1

(kg/20 litres) 10.9 1.3
Milling quality (%)

Whole kernel and head rice 65.3 58.6

Husk 21.7 21.1

Bran 8.50 8.20

Broken seed 4.50 12.1

Average of 100 samples + SD

Shape (length/width) : > 3.0 = slender, 2.1-3.0 = medium, 1.1-2.0 = bold, < 1.0 = round
Chalkiness : < 1.0 = small, 1.0-1.5 = medium, 1.6-2.0 moderately high, > 2.0 = high

Whole kernel and head rice (%) : < 31 = poor, 31-40 = medium, 41-50 = good, > 50 = very good
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Table 11 Grain chemical quality and cooking and eating quality of Khah Ni 117 compared with Khah Ni
(local) conducted at Pathum Thani Rice Research Center in 2020

Quality” Khah Ni 117 Khah Ni (local)
Chemical quality
Amylose content (%) 15.10+£0.13 15.20+0.12
Protein in brown rice (%) 10.20+£0.03 10.50+0.02
Gel consistency (mm) soft soft
Alkali spreading (1.7% KOH) 7.0 7.0
Gelatinization temp low low
Elongation ratio 1.66+0.01 1.69+0.04
Quality of cooked rice
Cooking (milled rice : water by weight) 1:.1.6 1.1.6
Aroma 1.00£0.00 1.00+0.00
Whiteness 6.82+0.40 6.82+£0.40
Glossiness 7.00£0.00 7.00£0.00
Cohesiveness 7.00£0.00 7.00+0.00
Softness 6.18+0.40 6.18+0.40

" Average + SD

Amylose content (%) : < 20 = low, 20-25 = intermediate, > 25 = high
Gel consistency (mm) : < 40 = hard, 40-60 = intermediate, > 60 = soft
Alkali spreading (1.7% KOH) : 1-3 = high, 4-5 = intermediate, 6-7 = low
Elongation ratio : < 1.9 = normal, > 1.9 = high

Aroma : 1 = none, 5 = intermediate, 9 = high

Whiteness : 1 = dull, 5 = light yellow, 7 = creamy white, 9 = very white
Glossiness : 1 = none, 5 = slightly shiny, 9 = very shiny

Cohesiveness : 1 = well separate, 5 = slightly sticky, 9 = very sticky
Softness : 1 = hard, 5 = moderate, 7 = soft, 9 = very soft

Table 12  Prebiotic activity promoting probiotics growth and antigenotoxic activity protecting DNA damage from
oxidative stress, extracts evaluation from Khah Ni 117 and 3 highland rice varieties cultivated in 2016

Probiotic colony increment* (%) DNA damage
Variety Lactobacillus  Streptococcus  Lactobacillus Lactobacillus protection from
bulgaricus thermophiles casel fermentum oxidative stress (%)
Khah Ni 117 34.90 2.33 31.20 7.20 79.4
Beu Khaw Pae 1.32 7.44 -0.36 0.05 78.0
Khao’ Daeng -35.80 10.10 1.29 0.16 65.1
Feuang Kam -0.68 6.78 24.50 -1.00 61.5

*Percentage of probiotic colony increment calculated from comparing probiotic CFU values in highland rice
extracts treatments and control treatment, which contained inulin. Antigenotoxic activity was calculated
from rice extracts ability to protect human DNA damage from oxidative stress (Fenton reaction) compared
with control (water treatment). Both experiments used the rice extract concentration at 0.25 mg/mL

Source : §INA LATATLL (2560)
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Table 13 Nutritional value of Khah Ni 117 planting at Ban Yang Pao, Omkoi district, Chiang Mai

province in wet season 2016 (analysed by Rajamangala University of Technology

Lanna, Lampang)

Composition Khah Ni 117
Protein (%) 10.40
Fat (%) 2.19
Fiber (%) 3.82
Ash (%) 1.43
Carbohydrate (%) 70.90
Vitamin E

g-T3 (mg/kg) 14.0
a-T3 (mg/kg) 2.31
g-T (mg/kg) 5.10
a-T (mg/kg) 5.14
Oryzanol (mg/kg) 280
Protocatechuic acid (PCA) (mg/kg) 4.67
Vanilic acid (mg/kg) 4.25
p-Coumaric acid (mg/kg) 32.80
Sinapinic acid (mg/kg) 6.06
Ferulic acid (mg/kg) 165
Cathechin (mg/kg) ND
Epicathechin (mg/kg) 9.32
Rutin (mg/kg) 9.67
Quercetin (mg/kg) ND
Appigenin (mg/kg) 13.40
Total anthocyanin (mg/kg) ND
% Resistant starch 3.01
% Soluble starch 71.30
Total phenolic (MgGAE/gDW) 2.18
Total flavonoid (mgQE/gDW) 4.93
Antioxidant activity DPPH (TE/gDW) 117
Antioxidant activity ABTS (TE/gDW) 20.40
Prebiotic score 4.04
DNA protection activity (%) 79.40
Antigenotoxic activity (%) 57.20

ND = not detected
Source : §INA LATALL (2560)
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Table 14 Prebiotic activity promoting Lactobacillus plantarum 1465 growth and the antigenotoxic activity,

protecting DNA damage oxidative stress, evaluation of extracts from Khah Ni 117 cultivated at

3 different locations in 2017

Probiotic CFU DNA damage protection

Location
(10%g) from oxidative stress (%)
Ban Ajo, Pang Mapha, Mae Hong Son 1.52 100
Ban Yang Pao, Omkoi, Chiang Mai 1.43 99.6
Rajamangala University of Technology Lanna, Lampang 1.66 100
CV (%) 17.9 6.45

*Antigenotoxic activity calculated from comparing rice extracts ability to protect human DNA damage from

oxidative stress (Fenton reaction) with control (water treatment). The rice extract concentration at 0.25

mg/mL was used in the experiment.

Source : §INA LATATLL (2560)

Table 15 Farmers’ acceptance to Khah Ni 117 compared with Khah Ni (local) conducted at Ban Pa Ya Sai,

Phrao district, Chiang Mai province in wet season 2018

Agricultural Grain physical characteristic” Cooking and eating
Variety characteristic” Paddy rice Milled rice quality?”
Prefer Non-prefer Prefer Non-prefer Prefer Non-prefer Prefer Non-prefer
Khah Ni 117 12 8 15 6 16 5 19 2
Khah Ni (local) 1 19 17 4 16 5 13 8
Chi-square 13.8** 0.53"™ 0.00™ 4.73*

ns = not significant from 1, * = significant at 5% level, ** = significant at 1% level

Tvaluation from : " 20 farmers, ? 21 farmers
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Dam Das 20, a Glutinous Rice Variety
nanns oA 143 nanedas” anysnd gassnslos” TudTY nauNal Tesny neadia? a3 igda?
wnae uiawnsle? ang laass? Wasnsnl ngn? Wewa Sauy? Ywedond vuenda® nowoiy AT
447 qaadmnl” Usal naliia® 51956 udluan?

Dontaporn Posiri” Saree Plaiduang” Somboon Suwanno” Chanasirin Klinmanee? Orak Tongde}”

Petcharee Sengsim? Ekkarat Kaewnango® Sith Jaisong® Patcharaporn Rakchum?® Peerapon Rattana®

Bussayarat Mokmoor® Krissana Sirirat? Watcharee Sukviwat” Pranee Maneenil” Thararat Maneenuam®

Abstract

Dam Das, a traditional glutinous rice variety, is mostly grown in Thung Song, Bang Khan and Thung
Yai district, Nakhon Si Thammarat province. It has high yield, good grain physical quality, good milling quality
and rather sticky texture of cooked rice. Currently, the farmer groups increase preferences on growing this
variety and save their own seeds for further planting. This brings about uncertain varietal characteristics as
well as low milling quality. Nakhon Si Thammarat Rice Research Center, therefore, conducted a Dam Das
varietal improvement research to develop a pure line with good cooking and eating quality to be used for
intercropping with young para rubber and oil palm plantation. Dam Das rice samples were collected from
the original growing areas and grown for pure line selection to obtain a line, NSRC14012-20. Research have
been carried out during 2014 to 2021 through the following crop improvement steps, i.e., pure line selection,
varietal observation, yield and agronomic character evaluation, evaluation on rice disease and insect pests,
response to N fertilizer application, analyses for grain physical and chemical quality, milling quality, cooking
and eating quality, analysis of nutritional value and farmers’ acceptance evaluation. The promising line was
subsequently approved by the Varietal Releasing Committee of the Rice Department to be a certified variety,
“Dam Das 20”. It is a photoperiod-sensitive glutinous rice with flowering date (50% flowering) around
September 14" to October 4" (dry seed dibbling) and harvesting date at late October to early November. It
has erect plant type, moderately strong culm, 155 cm height, 56.0 cm leaf length, 2.0 cm leaf width, 30.6 cm
panicle length, mostly compact panicle, good seed setting (193 fertile seeds per panicle). The average field
yields when intercropping with young oil palm and para rubber were 398 and 407 kg/rai, respectively. It has
black tip and straw-colored seed hull, purple dehulled grain, slender grain shape, 8.82 percent protein
content in brown rice, non-aromatic and moderately soft texture of cooked rice. Remarkable features of Dam

Das 20 are high yield, good milling quality, good grain physical quality, high nutritional value and high

" U9 uAATEIINGIT 8,110 A.uATATEITNINT 80330 Tnadnii 0-7539-9012
Nakhon Si Thammarat Rice Research Center, Mueang, Nakhon Si Thammarat 80330 Tel. 0-7539-9012
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Pattani Rice Research Center, Khok Pho, Pattani 94120 Tel. 0-7341-5989
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Pathum Thani Rice Research Center, Thanyaburi, Pathum Thani 12110 Tel. 0-2577-1688
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anthocyanin content. It is recommended to be grown as an intercrop in young oil palm and para rubber

plantation in Nakhon Si Thammarat and nearby provinces. Caution should be taken as this variety is moderately

susceptible to blast at seedling stage and bacterial leaf blight diseases, and highly susceptible to brown

planthopper.

Keywords: glutinous rice, Dam Das 20, photoperiod-sensitive, varietal improvement, yield, grain physical
quality, milling quality, nutritional value, an intercrop in young oil palm/para rubber plantation,

Nakhon Si Thammarat province
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(clipping method) Imaﬁﬁuﬁﬁm:qa 19 UaY NU23
WwilgF i Beumey uariug ngauin 1 uas
119pannza 105 iunlgaeuwan Fauwey Atunng
fausAsedhanings 3 w.e. 2563

3.2 AINAIUNIUABUNANAR T

3.2.1 ngﬂmzimma“jﬁma (brown plant-

hopper (BPH), Nilaparvata lugens (Stal)) naaaul

Usenvesdamiaaniugani 20 samaanseing

&

frimna Uszmnsunasandandaasaan Tnefig
daum 1 uiugiunulsauney uaziug g
winn 1 ifluiugaeunen Faunnau nageauluanmis
Faunnaas Ines seedbox screening 98N Heinrichs
uazAnLZ (1985) AifiunafiusAdedhnings 3 wa.
2564
4. msnauduassailalulnsiau
aduntslundasinening dudslng Aua
1nTs anavjeas AnipuAsAzTosINgT I W.A. 2563
%mﬂuﬁwqmvimm (NFZNIMNBATLAZEUNTE, 2560)
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3ansaTIn1sdne U9 12 a1fui 2 nangaAN - fuinAN 2564

sigls sasiudanijavlaaviesa 6 Alaniu P O, sials uaz
fleTnunaitien 4 Alaniu K O sials
5. ALNIWENRANTNIANIN ATANINNNGR AN
WAANILAR AMAIWNITUIANLAESULlTENY
WAZAMAINNINTUINIS

5.1 AQUNINNAAN NAENIN UAZADININNTE
FAINEHATUNINNAAN NN INUAZAANINN R
vasframiliaiusiang 20 sidunefiaudisadnn
Unuendl T w.m. 2564

5.2 AUNININAANINIAT UAZADUNINNITINEN
uazfulseniu AnssiannInNAaNIAR LAY

&

AUNINNNIMNAN LA ETUL sz U099 TS
fanny 20 puduntafigudisadnadyuei uas
AueRdadnuasAIssanst T w.a. 2564

5.3 AN NINTUINIT TATIEUATUAINIG
Tnrunisaesinowmtiaaiuganaie 20 Adiunisiag

UsEmiestfjimAnianans (Usznalne) aarin

6. MITABNSTUUDINBATNS
Uszidunisaeniudnnwmiianiugaiai 20 189
NEAINT FRANHUENNNINEAT 1T W.A. 2563 uaz
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Fig. 2 Culms of Dam Das 20 at heading stage
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Fig. 3 Culms of Dam Das 20 at ripening stage

Fig. 4 Dam Das 20 cultivated in upland rice under intercropping with new oil palm trees plantation
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Fig. 6 Panicle length of Dam Das 20

Table 1 Yields and agricultural characteristics of Dam Das 20 compared with Dam Das
(local) and Dawk Pa-yawm grown under intercropping with oil palm trees at Thung

Song, Nakhon Si Thammarat in 2018

, Height No. of Flowering date Yield"
Variety Index (%)
(cm) panicles/hill (50%) (kg/rai)
Dam Das 20 155 1" 13 Sept. 380 a 115 174
Dam Das (local) (ck.) 157 10 13 Sept. 330 a 100 -
Dawk Pa-yawm (ck.) 146 10 8 Sept. 218 b 100
CV (%) 19.6

"Means in column followed by a common letter are not significantly different at 5% level

by DMRT
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1. anwuzilszannug

dawitieniugaiane 20 udnalasadoesuas
a1gduaanman (50 Lladidus) @g@w'jﬁﬁuﬁ 14
fueneu - 4 nanas (Ugninedsuaenmandouiaiy
wau) iuAeaasdeunaauiafudeungidniau
ysenas A INAURAE 155.0 WLAms a1duude Udas
A9 Tuuaznuludden Hauuueiuly Anuenaly
56.0 WURALNAT N3N 2.2 [UALNAT TUSeeng 41.5
WURLNAT NN 2.2 LIURLNAT AMNENI999 30.6
SIUAWAT 99ARUd UL nsuanszudlnunane N9
FAAAR (NNN31 90 wlefidus) auiuanAsesaa
193 WAA WAATNIININ NTUIALNUNANY T281ZAN

FNTRdNAR 2 dUaNi (Fig. 1-6)

2. HANAMLAZANBUENINIFINEAT

2.1 MnLFyLELNANANUASANBIUEN1NNIT
inwarn1eluaniid adunisluaninlsuoudnan
iﬁﬂuﬂqﬂiummmﬂmm AUALLNTls 81neijess
FMIAUATATETINGIT T W.A. 2561 LT LNANAR
1e9t1amianwlgAAE 20 iU dromilaaiuganane
oshu uaznennzaen WU dawmieanugaIane
20 iuanan 380 flaninsials gandnaannzean (218
Alansusals) feay 74 TnadAaNuuANANGAUNN94TH

a o s

aeelind1Any walduansrsiunisaffnuiug
A aneiaadin (330 Alansusiels) (Table 1)
2.2 NISFHLTIEUNANARKAS AN SN INNTT
M7 W8T
2.2.1 mi‘ﬂqniummwiﬂmum@‘uﬁﬂﬁuﬂ@lﬂ
Tmiluunaegs sfiunisluidainensnafisius
w1 ls 81n0YNAe AandauasAtsssNeT U WA, 2562
waz 2563 Winuinaunanantesdauiiaawug
o 20 FudwTliniugatediu uazeenmeeen
wu Tasiade 2 T drawteaiuginne 20 Wuauis

o

\aie 398 Alansusiels geandnugiamiasiiu (365
Alansusials) feras 9 wslndiAasiuiugaenweaan
(396 Alansusals) (Table 2)

AMUANHOIENNNIANEAT WUTT T10wmTien
WUgAIAE 20 ﬁmﬂm;am?q'ﬂ 157 LIURNAT FU
2aNABNAE TN 14 AUEIHU - 46A1AN ANUIUITN
fanaaad 11 299 (Table 3)

2.2.2 magnluaniwlsusnenswisilgnlu
s Aiumsluilasinemang Asiuaanls
ENNBYNEAY ANTAUAIATEITNIT T W.A. 2562 waz
2563 WFLiLNaNARTasdImHEaRUgANAN Y 20
fudhawisniugA e uazmenNten WU
Tnenade 2 3 Framdaaiugsang 20 Wduaudaiads
407 Alanfusiald qqndﬁﬁuﬁﬁﬂmﬁwﬁﬂqﬁu (387
Alansusiald) uaziugnannzaan (391 Alansusiald)

Table 2 Yields of Dam Das 20 compared with Dam Das (local) and Dawk

Pa-yawm in on-farm yield trials grown under intercropping with oil

palm trees at Thung Song, Nakhon Si Thammaratin 2019 and

2020
Variety Yield (kg/rai)” Index
2019 2020 Average (%)
Dam Das 20 344 a 451 a 398 109 101
Dam Das (local) (ck.) 313 b 416 b 365 100 -
Dawk Pa-yawm (ck.) 284 b 507 a 396 100
CV (%) 14.5 11.2

"Means in the same column followed by a common letter are not

significantly different at 5% level by DMRT
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Table 4 Yields of Dam Das 20 compared with Dam Das (local) and Dawk
Pa-yawm in on-farm yield trials grown under intercropping with

rubber trees at Thung Song, Nakhon Si Thammarat in 2019

and 2020
Variety Yield (kg/rai)” Index
2019 2020 Average (%)
Dam Das 20 365a 448 a 407 105 104
Dam Das (local) (ck.) 364 a 409 b 387 100 -
Dawk Pa-yawm (ck.) 335b 446 a 391 100
CV (%) 12.0 16.8

"Means in the same column followed by a common letter are not

significantly different at 5% level by DMRT

Faeay 5 uaz 4 AMNATAL (Table 4)

AVUANEUENNNITNEAT WU TramTlaniug
ANANL 20 ﬁmm@;\m?ﬁ 152 LTURLNAT JUaaNARN
ag/lutag 15-18 ey Sruansneranaiads 11994
(Table 5)

3. ANHNAUNUABTSALATUNAIARSINY
3.1 ANAIUNIUEe [7AT9
3.1.1 lanusiazeiznan (leaf blast) ANLTLNIN

!
a = o Y o Y

A
NAutIda1199nqe 2 faUqn uazAudITaI19

a

= o v [

uAIAIEIINIIT 3 fglgn wudn AdueRandiaings
dowtianiuganne 20 Aeudaauuesielsnudly
naunll 2561/2562 uazdeuualunguill 2562/2563

c

dounaudidadauasAzossnst 410wmilaaiug
AAe 20 Aeudesuniusalealud lugguill
2561/2562 Aauinseauuelunguill 2562/2563 uaz
Aaudresinumu lunguntl 2563/2564 (Table 6)

3.1.2 Tspuavluniis (bacterial leaf blight)
piunsTieueRsdings 1 w.e. 2563 wudn 41
WHEIRLEAN AN 20 Aawdesauuasialsnanluui
(Table 7)

3.2 AINAIUNIUABUNANAR T

3.2.1 magnszlnadingia (brown plant-
hopper) AflunsfigueRdednasings @ w.a. 2564
WU drawiaiugAinne 20 saunenaLwAn

a

3ansaTIn1sdne U9 12 a1fui 2 nangaAN - fuinAN 2564

N9 lppRLN AR NN IINAIRNAITAZ9TAT (Table 8)

4. msnauduassailalulnsiay

pntunislunlasineasns duislng dua
wnTs 81NeYNa ANTAUAIATEIININT T W.A. 2563
%'uﬂuﬁuqmvifwﬁz Audungn Usunaunsadng
Aaudnesn AugaNANysafIasAus wud nsld
{lalulnsiaurinlinanandiamiaaiuganinne 20
gandmsldlatlelulpsiau ishan 3 Alansilulnsia
sinls nanandaiiaduuslaiuansnefunieadnn
aldije Tulnsiau g 6 Alansilulnnausals 410
nauguesdeielulniauldd Wuandneds 407
Alansusials adnalafionu lilgUuuunisnevauassie
{Jelulnsiauiidaiau (Table 9)
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inmsnesueiiy videnemsune defliaduntsuan
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5.1 AQUNINNAANNAIENIN UAZARNINNTE
damtleaiugaa1e 20 Wasnuandnig fuqn
AnNENERLAY 10.47 Hadiums ndn9 3.04
HaRLuAT W0 2.05 HaAwAT 119ndeddnn AN
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Table 6 Reaction of Dam Das 20 to leaf blast disease by upland short row tests at
Phattalung and Nakhon Si Thammarat Rice Research Centers in wet
season 2018/2019, 2019/2020 and 2020/2021

Crop year Variety Reaction”
PTL NSR
WS 2018/2019  Dam Das 20 MS MR
Tetep (resist ck.) R
Hahng Yi 71 (resist ck.) R
Khaw Dawk Mali 105 (suscept. ck.) HS HS
Khao Tah Haeng 17 (suscept. ck.) S S
WS 2019/2020  Dam Das 20 S MS
Tetep (resist ck.) R
Hahng Yi 71 (resist ck.) R
Khaw Dawk Mali 105 (suscept. ck.) HS HS
Khao Tah Haeng 17 (suscept. ck.) HS HS
WS 2020/2021  Dam Das 20 - MR
Tetep (resist ck.) -
Hahng Yi 71 (resist ck.) -
Khaw Dawk Mali 105 (suscept. ck.) - HS
Khao Tah Haeng 17 (suscept. ck.) - S

Scored by Standard Evaluation System for Rice (IRRI, 2014)
HR = highly resistant, R = resistant, MR = moderately resistant,

MS = moderately susceptible, S = susceptible, HS = highly susceptible
Rice Research Centers : PTL = Phattalung, NSR = Nakhon Si Thammarat

WS = wet season, - = not conducted

Table 7 Reaction of Dam Das 20 to bacterial leaf blight by clipping

method tests at Phattalung Rice Research Center in 2020

Variety Reaction”
Dam Das 20 MS
Nam Sa-gui 19 (resist ck.) MR
RD23 (resist ck.) MR
Taichung Native 1 (suscept. ck.) HS
Khao Dawk Mali 105 (suscept. ck.) S

"Scored by Standard Evaluation System for Rice (IRRI, 2014)
HR = highly resistant, R = resistant, MR = moderately resistant,
MS = moderately susceptible, S = susceptible, HS = highly susceptible

3ansaTIn1sdne U9 12 a1fui 2 nangaAN - fuinAN 2564
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Table 8 Reaction of Dam Das 20 to brown planthopper, population from

Songkhla province conducted in greenhouse at Phattalung

Rice Research Center in 2020

Variety Reaction”
Dam Das 20 HS
Chai Nat 1 (resist. ck.) MR
Taichung Native 1 (suscept. ck.) HS

" Scored by Standard Evaluation System for Rice (IRRI, 2014)
HR = highly resistant, R = resistant, MR = moderately resistant,

MS = moderately susceptible, S = susceptible, HS = highly susceptible

Table 9 Average vyields of Dam Das 20 at different rates of nitrogen

application

in Tha Sae soil series grown under intercropping

with rubber trees at Thung Song, Nakhon Si Thammarat in 2020

Rate of fertilizer
(N-PZOB-KQO kg/rai)

Yield (kg/rai)

0-6-4 270 b
3-6-4 334 ab
6-6-4 407 a
9-6-4 379 a
12-6-4 356 ab
CV (%) 13.7

Y Means in column followed by a common letter are not significantly

different at 5% level by DMRT

\AE 7.44 Tadmms 019 2.44 faAwas v 1.80
fadwwes g1l313i3e9 (Fig. 7) Anunawnns@nauin ledne
Fauaciudng Seaaz 60.7 dmindhaulden 28.4
n5uEe 1,000 WAR 178 10.4 Nlansusieda (Table 10)
5.2 AQUNIWNAANIIAT UAZATANINNTYIEN
uazsulzyu dramtiaaiugaane 20 Hlsunn
Tsfiu 8.82 wlefifus Arnnsaaraiudnlusasi
anugfiutlgnen snwosdognlidnduves Aawdn
Aoty Aeudnmtianuaziu (Table 11, Fig. 8)
5.3. AAMNINTUINIG UTCILPREN CaPy by
AasAnlnauInsludnamiiaaiuganane 20 wudn

= 1 a a = v 1 a a = a a =
N@Wﬁ‘ﬂ@}l'ﬂﬁﬂﬂuﬂ IlﬁLLﬂ IATNUL 1 IATHUL 2 LAY

AmnAud 3 U5u104 0.045 0.009 WAz 0.340 NAANTN
fia 100 NFN ANANAL HuAaldan 14.60 Radniuse
100 NFN 818M8N 0.79 Aa@dnFNsia 100 NIN Yol
AU YYABATEIIN (total antioxidant) 242.87
Jaandu TE 6 100 nfu anthocyanin WUANT
Kuromanin (cyanidin-3-glucoside) 1/su1ns 905.48
Haansusanlaniu waz polyphenolic compound
204.43 fiadnsusenlaniu ansfing ldun catechin,
tannic acid, rutin WaZ isoquercetin 13104 162.70,
49.81,3.77 uay 10.34 aaniumanlanii AuaAL
(Table 12)
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Table 10 Grain physical characteristics and milling quality of Dam Das 20 conducted at Pathum Thani Rice

Research Center in 2021

Characteristic/quality Dam Das 20
Seed color :
Paddy rice straw with brown spot
Brown rice black

Seed size (mm)

Paddy rice, length 10.47+0.34
width 3.04+0.11
thickness 2.05+£0.06
Brown rice, length 7.44+0.24
width 2.44+0.09
thickness 1.80+0.05
length/width 3.05£0.13
shape slender
Milled rice, length 6.99+0.22
width 2.30£0.09
thickness 1.71+0.05
Chalkiness -
Paddy weight (g/1,000 seeds) 28.4

(kg/20 litres) 10.4
Milling quality (%)

Whole kernel and head rice 60.7

Husk 25.0

Bran 7.6

Broken seed 6.7

Shape (length/width) : > 3.0 = slender, 2.1-3.0 = medium, 1.1-2.0 = bold, < 1.0 = round
Chalkiness : < 1.0 = small, 1.0-1.5 = medium, 1.6-2.0 moderately high, > 2.0 = high
Whole kernel and head rice (%) : < 31 = poor, 31-40 = medium, 41-50 = good, > 50 = very good
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Fig. 7 Paddy rice (top), brown rice (middle) and milled rice (bottom) of Dam Das 20

Fig. 8 Cooked brown rice of Dam Das 20
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Table 11 Grain chemical quality and cooking and eating quality of Dam Das 20
conducted at Pathum Thani Rice Research Center and Nakhon Si

Thammarat Rice Research Center in 2021

Quality Dam Das 20

Chemical quality

Amylose content (%) 5.87+0.01
Protein content (%). 8.82+0.04
Alkali spreading (1.7% KOH) 7.0
Gelatinization temp low

Quality of cooked rice

Cooking (milled rice : water by weight) 1:1
Aroma 1.60
Glossiness 7.16
Cohesiveness 7.49
Softness 7.76

Amylose content (%) : < 20 = low, 20-25 = intermediate, > 25 = high
Alkali spreading (1.7% KOH) : 1-3 = high, 4-5 = intermediate, 6-7 = low
Aroma : 1 = none, 5 = intermediate, 9 = high

Glossiness : 1 = none, 5 = slightly shiny, 9 = very shiny

Cohesiveness : 1 = well separate, 5= slightly sticky, 9 = very sticky

Softness : 1 = hard, 5 = moderate, 7 = soft, 9 = very soft

Table 12 Nutritional value of Dam Das 20 analysed by the Cetral Laboratory (Thailand)
Company Limited

Composition Dam Das 20

Vitamin B

- Vitamin B1 (mg/100g9) 0.045

- Vitamin B2 (mg/1009) 0.009

- Vitamin B3 (Niacin) (mg/1009) 0.340
Calcium (Ca) (mg/100g9) 14.60
Iron (Fe) (mg/100g) 0.79
Total Antioxidant (trolox) (mgTE/100g) 242 .87
Anthocyanin

- Kuromanin (Cyanidin-3-Glucoside) (mg/kg) 905.48

- Polyphenolic compound (mg/kg) 294.43

- Catechin(mg/kg) 162.70

- Tannic acid (mg/kg) 49.81

- Rutin (mg/kg) 3.77

- Isoquercetin (mg/kg) 10.34
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Losses in Qualities and Aromatic Contents of Hom Mali Rice
in Production Chain
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Abstract

As a result of a feedback reflecting from the entrepreneurs and consumers about a reduction in the
aroma of Thai Hom Mali rice, this study, thus, monitored and evaluated the losses in quality and aroma
throughout the production chain of Thai Hom Mali rice via 25 production routes from Ubon Ratchathani, Roi Et,
Amnat Charoen, Chiang Rai and Phayao. The experiments were conducted during 2017-2018 with collecting
the rice samples in all production step begining from harvesting, drying process operated by mills, transforming
with milling and polishing processes, processing process, and packaging. The physical and chemical qualities
of rice grains were analyzed. The results showed that the amount of an aromatic 2AP dividing by types of
rice including the good quality Hom Mali, the general Hom Mali, the organic Hom Mali for export, and the
general organic jasmine rice ranged from 3.34-4.76, 2.54-5.05, 2.51-5.27 and 3.44-4.18 ppm, respectively.
The levels of physical and chemical qualities of RD15 and KDML105 samples in all routes of production
chain were in the standard criteria of Thai Hom Mali rice which consisted as follows: the grain length is not
less than 7 mm, the ratio of length to width are not less than 3.2:1, the amylose contents range from 13.0-
18.0%, the alkali test values are between 6 to 7. Whilst, the the aroma of the good quality Hom Mali, the
general Hom Mali, the organic Hom Mali for export, and the general organic jasmine rice decreased by
average of 37.0, 55.8, 39.4 and 42.5%, respectively. Decreases in 2AP contents of rice grains were found
in all steps of production chain with high reduction after drying process (17-28%), whereas a decrease in
2AP contents of rice grains from the milling process ranged from 15-24%. Moreover, pile of the rice grains
with different rice qualities, temperature for moisture reduction and transforming process also contribute for
the reduction in aroma of rice. Therefore, reduction the moisture content in the grains of organic rice by using
sun drying method and milling as the requirements of the cutomers which were commonly used by the farmers
minimized the loss of aroma in rice because of fewer steps than those of the process operated by mills.

Keywords: rice, Hom Mali rice, aroma 2AP quality, loss, production chain
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Fig. 4 Contents of 2AP and moisture contents of paddy samples (KDML105, Chiang

Rai) collected from 1 general organic Hom Mali rice production route in 2018
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Fig. 5 Loss of 2AP content in good quality Hom Mali rice production route, investigated
during 2017-2018
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Fig. 6 Loss of 2AP content in general Hom Mali rice production route, investigated during 2017-2018
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RT-PCR Technique for Detection of Rice Grassy Stunt Virus and Rice Ragged Stunt Virus
in Brown Planthopper and Virus Distribution in Infected Rice

AINYA ATIAE T ATDAT TAUINTYRY

Kanuengnij Srivirai”® Witchuda Rattanakarn®

Abstract

The application of PCR (polymerase chain reaction) has been widely used to detect the presence
of virus using primers. The advantage of this technique, a specific primer can be directly designed for a
target DNA with more accurate than antiserum method. This study aims to optimize RT-PCR technique with
primers for detecting rice viruses, Rice grassy stunt virus (RGSV) and Rice ragged stunt virus (RRSV) in
brown planthoppers (Nilaparvata lugens (Stal)) to estimate the proportion of viruliferous insects and monitor
the virus distribution in the diseased plants. The target is to provide appropriate suggestion on sampling and
selection of inoculum sources. The research was carried out at Department of Pathology, Faculty of Agriculture
and the Center for Agricultural Biotechnology, Kasetsart University, Kamphaeng Saen Campus, Nakhon
Pathom province during July 2019 to October 2020. The results showed that brown planthoppers after 8
days of exposure to the virus were 80% infected by detecting RGSV and RRSV with pc5 and S8 genes,
respectively. After insect transmission, RGSV spread from the stem infection site to the uppermost leaf and
root within ten-days post-inoculation (dpi). At 10-21 dpi, the pc1 gene was detected in the tillers (93.8%) and
uppermost leaf (100%) more than the pc5 gene detection. At 14-21 dpi, RGSV was detected in new tillers
and uppermost leaf, 64.3-75.0%. At 28-60 dpi when plants showed excessive tillering with yellowing, the
virus detection rate increased to 85.7-100%. RRSV spread from the stem infection site to the uppermost leaf
and root within ten-days post-inoculation (dpi). At 10-28 dpi, S4 gene was detected in stem (87.5%) and leaf
(93.8%), more than S8 gene detection. The RRSV accumulation in ragged top leaves were detected by 100%
at 14-60 dpi, while asymptomatic top leaves were detected by 100% at 35-60 dpi. The results suggested
that the applied RT-PCR technique was effective in detecting the virus precisely in rice with the excessive
tillering or ragged leaf symptoms. 35-60 days after exposure to the virus and appropriate for use as a source
of virus for transmission by insect vectors.
Keywords: RT-PCR technique, rice virus disease, rice grassy stunt virus (RGSV), rice ragged stunt virus

(RRSV), insect virus transmission, brown planthopper, viruliferous insects, inoculum source

U AnAA l3ANT ATUZINEAT NUNILAL NYNANENSELNEATAIAAT ANENIANIUNIULEL INTANIT 0-3435-1890

Department of Plant Pathology, Faculty of Agriculture, Kasetsart University, Kamphaeng Saen Campus Tel. 0-3435-1890
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Retired Government Official, Division of Rice Research and Development, Rice Department, Chatuchak, Bangkok 10900

78 Thai Rice Research Journal, Vol. 12 No. 2, July - December 2021



UNARED

wATlANEaNF (polymerase chain reaction, PCR) fasldmsaalafaetnaunsvanslneldlnsues 4o
A dunsneenuuL nsme s namnzsefduie vnne lnanse wasiAauutngnIns it ue uRTsy
anidei] Bimguszasdifieldinaila RT-PCR dag InsieMimnzannmalaiaduaia (RGSV) uazladalusin
(RRSV) Tunasnslnaiiingng (Nilaparvata lugens (Stal)) etlszifiudndaunaasenlsn LAZHARILNNTULNG
nazangmedlaialududradulss Wemdinmsfisnzaslunnsguamaln uasdendudnod duuvasedisn
(inoculum source) AN UNNITIN ARV AT ADLEANAT FULAL uazAuinalulatidonminems wﬁmm@”ﬂ
INHATANART ANEULANIUNILAN SINTAUATUFH TEUII0RBUNINGIAN 2562 TFAIAN 2563 WL A
nszlandtnmanldsulasauda 8 fu axluuuaseslsn 80 wefidus Taannsnsaida RGSV uas RRSV aeiiiny
pC5 WAY S8 ANNANAL mumfma”\ﬂmaﬁ”umidwmmm@ RGSV lfzazundnszangansulldaaaniazain aelu
10 41 194 10-21 FUNAINNTENENDA 158 AIIAWLEL pe iy (93.8 Lasidus) wazlugan (100 Lasidus)
IAYIRTAANLNINNTNE W pe5 dg 14-21 il wulsagzauinedialminazlugen 64.3-75.0 ilafifus 129 28-60
fu ifedauannedaausauitlumaes nsandlasa 85.7-100 wedidus dudnafldsunnsdnemenida RRSV
Tasaunsnszanaanndulilugen wazan anely 10 4 999 10-28 Fumdsnistnemanioda msanyudy S4 7
ans (87.5 wlafidus) wazluaen (93.8 wWasidus) lnansaanuninndndu S8 ludas 14-60 1 AIANLITS
RRSV Iulummmmmmm@ 100 o i us 11 35-60 §u msaant/lodaluluaend laiuansanns 100 wlesifus
HANNINARBSINLIAN NATiA RT-PCR fitls@nsnmlunnsnsam bhialsn Taameugudfiuanseinisunnne
saufuluvaes waslsaluminiuansennisluseavinldusiugn dudnnfifade 35-60 4 wmnrdmin 1
wissadldaiieddnanenlsdae uaamme
AAny: walla RT-PCR Tafalsadnn hhsalsndeniie lasalsnluvin nisdnemenlisalnauas maens=lan

Fuinana wasexlsn unasnadlsn

Tenuivirus WA Phenuiviridae wululsemalng 1Ha
N.A. 2509 (Wathanakul and Weerapat, 1969) anHtuy
ansny laun swis  wannalusuinndndng lu

AN
TnsaanunlsadalulszmalnenianougnAny

o

1 2 13im loun Tafalsp@aaiy (Rice grassy stunt

virus (RGSV)) wazlasalsaluydn (Rice ragged stunt
virus (RRSV)) lafaiaaasiinasnseinnduinna
(Nilaparvata lugens (Stal)) Huuuasnivzinlsa
1 dsj s v aa U ¥
ansnnnanenime lhialinasaTinainniagasidng
Adulspieansamen (Hibino, 1996) I3AtnamInang
TNNUNENARIN1TTLIATRLNAENTEIANRUIANA
v =l 1 a v = U

A5 19ANLAINgRaNaNaRd2 UL LT A Las
wiIenzdueen@aald (Ling, 1977) sauviadszmdlne
(Chettanachit et al., 1978) siudan lAsuULTe RRSV A
LAAIBINNT Useunne 14 Ju (Hibino and Kimura, 1982)
AouAudaNlATLTe RGSV Avuan9a1n1slsyany
7-14 34 (317AN UazAY, 2557)

x N

@e RGSV awnlsaldsaiy dnatluana

3a1531n13de O7 12 atiud 2 nengaau - SulnAN 2564

k% :j/ Zj/ ?:/ aal A a a a
d1omanse TuuALwardu Unanfaidvaesda Adaq
1 & A 1l al A A % (3
dou vIanaesdn  luuniqndnaesiTeunmaan"
AaNeatinngzaasialy (Chenand Chiu, 1982; Hibino
et al., 1985b; Ling, 1972; Shikata et al., 1980) A1417
1 v
a1 7-14 Funn1A5UiTe RGSV AaTuAAIaIN1IULIN
N wazdnenamanigli 3-4 dlani uagsudng
Yo dg/ o ¥ 1 a
sanaNn IAsLITe 28 Ju FrazuanneninnInlng nng
1 v 1
WANNBLNHIUEIAALATHBINITUUIIUAIAN 60 FuT
v v
lssuiaaTlnsa (Satoh et al., 2013) danalidnasaias
| 1 G 1 [ o v al
wsilslaansas viraaansasusuanay vinldgode
1 % 1
pan@Ane 100 Wefidus d1anlasulisadaamediie
818 30-45 Sl NANARGEYLAE 70-100 twlafidus (Helina
et al., 2020; Palomar and Ling, 1968)
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{8 RRSV anvnlsaluindie Anegluana
Oryzavirus 34 A Reoviridae wulutlszineng Lﬁlﬂ W.A.
2520 (Chettanachit et al.,
¥u duite ludu lunasiudidoody Uanelufiny

1978) ANMULAINIIANL

- ! o 2 A
naen 1auluwaurda usnluEapanafuiaas 1Eu
v
nanglusaznivluuaniteduwinenn luseduiingy
(Hibino, 1989) unstanandn sa9lua iwuluse WA
I @ [~ A [ a U dl
TifNwNa s vToNARAL HaNARTasFuLlsAanAq
34-83 1lafifus (AN91 uazAUy, 2533; Huang et al.,
2015; Palmer et al., 1978)

N197M993 15 AFALNENINTTNINET 11U W ATA
dot immune binding assay (DIBA) uazinaia
enzyme-linked immunosorbent assay (ELISA) luas
Nauns0nsagaUAineengiAIUINNIN FUUAT U6
AR TAAIUAIHANNILLANTAS LAURT N6 13
ArNNTaRaNANLANANNTEud1s i Fan e luana
a [ v A a asa ' . ad o
wenfla viseisfjigensan (cross reaction) wenFEsN

v
sin1a5aludn QERRTULNILNNLAY (3TTAN uATATIE,
v
2549) wazlinuueuidsuse lfaisaasainaiming
¥ K v o o ¥
Wun12A1 aqiludeanda lunisldan
dfgnsangnidinawelsa (polymerase chain

. | a aa ca % o o
reaction (PCR)) ¥138tNALANTERANT Do ldnaaalofanu
asaunsaalnaldnsuas 4o RAARINITDABN LI

[ o A @
Insiafliipuamwnzsasauai e e lnane
HAvnuusugnuinnInslduarRAsy (Ichiki et al.,
2013) N4 (2544) 1nAilA one step RT-PCR m94

%
fi1 S4 waa@a RRSV luansu lu nauly wazsndin

2‘/ al 901 v o o Qd‘d” A 1
wazlunasnsginaduinia daa1inedinn Ae ldH
anan cDNA sl I diwvndsunouluaunan Suprinanto
LazALY (2015) hmmum two step RT-PCR ”Lumi
ATIRADLIT pe5 289139 RGSV uazfu S8 10438
RRSV Tai104330 Ae #Aulage anadlisz@ngnan
NNNINALA one step RT-PCR LaZ@1N1TOLAL
cDNA WinaldinuiFunmlueunanlsd Zheng was

v v 1 %

ADUY (2014) Wudn wasnIzinnduinnanlasude
RGSV ka9 8-12 51 maaania5a 8-26 wedidus 311ip
BATANLE (2560) WL @dnsamsaanylasalusinly

v v 2
wannsLlandumnade 1-5 udaannsuiaalluan 3 51

% v
asnseinaduImagnNiTanan sz luvknsas

17501058 aenades 5 Ju (Huang et al., 2015)

TunseununisAn@aniuginasunulialoe

v
NAYRINEILAZNANLNEN9 NTHNNTEN9 Usenasmiedunat
&Ary laun 1) szezoaunagaivlasaannsiudig
wulsa (acquisition period) 2) szaizutlazszazinga
109157 luuaa (latent period and incubation period)
LAY 3) 7zeILiAaN"TENENan i34 (incubation period)
Fedndouaaaunasanisn szaznainsaveslaialy
wHas DAz ANsNaTaINTENENen i lulsay
v

AT (Huang et al., 2015; IRRI, 1968; Zhang et al.,
2013)

2% £ dl Yo 1 s a dg/

sudnanlasunisanananlaiaidisaneasiana
213018l 7-14 54 (3TA0 WazAE, 2557; Hibino
et al., 1985a) wazsud1an lnsulialusdin uameannig
A8l 14 34 (Hibino and Kimura, 1982) 409910
S o ey & | o
Tsudandelluaniannis wdananaa1ni17idmLau
dunadunnaarealasalawsliwmunzan d1usy

- S % e A e e
wisannaenszlanduinaanisa nsAn@aniuging
o o aa ! o Ao o a
sruniulafa Aan1sdnamenlofaniilsydnsnings
o ai o [ A o ] all 1
AanlsndnAty Ae dadiuaasunasanisanlant
denenlsn waziFunaslada (virus filter) Tufudnqwin
T3m azdaaivLss@van wnnsananenaials (Liet al.,
2014)
a o aglJ a o & di adal o

NuAdel BinnisvasAinendanisngalada
LﬁummaLL@”VLf;izﬂumﬂiumeww mem”‘imm
¥ma uazdudnafiiulsn daamaiafidenfaaay
waius iefintssAvannlunsitadelsn e l4an
wansudiailulse wazldiduwnaraalasalunig
dnananlsadig

aﬂnsmum‘mme
a d v
1. uqm’nu,mLwaﬂnsv‘lﬁmmuﬁmamwwam
Mdawuglnganiiv 1 (TN1) Faduiugeeuue
s lnsalsaldaniie (RGSV) wazliialsalusiin (RRSV)
wiseeunan TN TnenlgnlulssGaunigumgi 28-35
ANATALTER ANNTUENANS 55-75 wWasidus svey
ANANNATIN 12 F9la He 12 Falug
= = 8 PP Yo
wasnszlannduinianldnaane lasuaqiu

BYLAINZHANNNORAB LAWY NFNNIsda 1y
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dszansunasandandinlyusid lasifiususanluy
audanea 2560 uazthuniaeslunsaagaungs lu
anmisadeu figuunil 28-35 asrntaidag e
psneiufatnaian 23 fu aldldszansunasd

taanlafa (virus free insect)

2. aeRuglafauasnsissanAuifTuunag
aa4l254

Fudnaidulsadaide 1FUsaLTINNIAIN
Fanindsnaug3 e w.e. 2560 udnafilulsalusiin
fiusausaumnandwinanys e w.a. 2560 Tae'ls
FuANTNeATIEAIN naNeulsadig nesItEuaY
Winud9 nsunnsdn ﬂ@mmﬁmmaﬁuﬁ”mﬂu‘ﬂim’fa
gasrfialduudne TN1 anntiunsaiudusiiaige
RGSV mazmaiia RT-PCR I lnsluas RGSV-P1/P2
fismnzsietu pes AuLlasiaullsuioaalaua i
(nucleocapsid protein: NCP) (Toriyama et al., 1997)
LazAmaEhiaTinia RRSV Tnglnaies SBU1374/SSE
famnzsietiu s8 uilasiadulisfumiaesiadn
(major outer-capsid protein: CP) (Pattayawat et al.,
2004) danandnidulellauanfuiuanusem
Macrogen Inc. (Ta 1n1ua’ls) dndayaniiFeuinay
AuarAuluauAazA e ualund19defaeis
ClustalW viniefiduspaumieuarsuiud ane
l1lsunsy BLASTN (https://blast.ncbi.nim.nih.gov/
Blast.cgi)

Budng TN1 Amsaanylada vhandfhuunadlaga
(inoculum source) unnsifin BN ududrTulse
Tnenldeamaansylnadinma 5a 2-3 flaanlsn Tl
Weandn 100 s Wganududadulss iWunan 12 5u
(acquisition period) Lﬁ@m’?ﬂmmmauiﬁﬂ (viruliferous
insect) a1t IdesLnsunddng TNT Afiluess
2 0 flunan 2 §u edeamenlsn uasiAududnnly
unsaaenuad itenains 30 §u wendudulsely
Ugnlunszans iduinueuenang 12 ia uasifuduidy
T9alfimLneINN9aue 60 i msaaes i lusedng
{lulsa fAaes RT-PCR newsin I lun1snaaessalyl

3a1531n13de O7 12 atiud 2 nengaau - SulnAN 2564

3. n1smsaladaluinasnslnnfinnna Aas
WAlA RT-PCR

Usaenaanszinndinanade 2-3 filaaalsn
sznnnd 500 v uusudadulsanasannlasunis
fnemenidennud 60 5u ifhunan 8 5u el
@m'ﬁuﬁﬁ Aeauasldsudelasa mnﬁuzﬁmmmﬁmqu
5§ tunafnenfifule wenatafiazia daeningn
Trizol (Invitrogen, USA) axRsnislugiaaniissim
a1t nduresefiduie LL@:ﬂqqmu?qw%rm@a
afiduadaentesailningnindines annvu
dumanzif cDNA Tnelfieuldsl ReverTra Ace gPCR
RT Master Mix Haxfiu gDNA Remover Kit (ToYoBo,
Japan) mﬁ%mﬂu@':ﬁmqﬂu’?ﬁw wazlSuANTN
sy 1 lulesniusielulnsans e ldidufidue
FULLLEMIURTIa la5d RGSV

AsRnEAal nasasaalafaidanide e ld
W18 RGSV-p5-F/R fianmzsiadiy p5s Tnsies
RGSV-pc1-F/R Asmzaaiiy pcl uavlnsiuas
RGSV-NCP-F1/R isnumnzsadiu pc5 (Suprihanto
et al., 2015) nzazialafaluminiaelnsiues
S8U1374/S8E3 (Pattayawat et al., 2004) Renzsie
i1 S8 lwsluas RRSV-S3_F/R (Hoang et al., 2011) #
anzAediu S3 warlnsimes RRSV-S9_F/R (Hoang
et al. 2011) Aannzsiafu SO 1 lnsiues 18S rRNA-
F/R Aeinnzsiagiu 18S rRNA (Huang et al., 2015) 14
dludapquAuEaLLn (Table 1)

wsaNdIunandfisefidens dqe PCR
SuperMix (Invitrogen, USA) AN ANa 199131 Lz
ﬂﬁﬁ?m@jﬂiﬁﬂwaLN@Lmﬁﬁﬁﬂw: pre-denaturation
(94 aeATalTEed (Wua1 5 w1f 91uIK 1 7a1)
denaturation (94 asAIAEed 1uian 50 w17
1191 35 981) annealing (55-59 paATATe s 1
181 50 AU ANl 35 TAL) extension (72 BAN
waea 10unan 45-60 31T ANl 35 TaL) LAz
final extension (72 ANATATEE 1TWIA0 5 W17
duau 1 701) e lduanansEweaNnnsnidens
ATIABLIUIALRIALEULBFIezNN 541 1.5
wlafidus lutimes 0.5x TBE Maanusnednel lnin
71 100 Toasf 1waan 45 w7l uazdeniaadneieBiRey
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Tuglus 1Wuaan 5 W7 TUNNANAELATASTNENIN

(Gens Flash, Syngene bioimaging)

4. nMsRamuNTuNInazanguadlafaluguanad
wulsa

4.1 mscremenlasaliduing wiendne TN1 &
Hluase 2 lu Aauau 25 dusientinlada Ugnluuia
WANEAN ANt uA AN AR ALENTIF AR
aanuAsauFAudtanaaay Inelwlud1atuanuuna
Wan@AnTiAsaL ‘lﬁﬁ’zﬁ’ﬁfam%ﬁ@ﬁmvmwE’fmi’mﬁu
ludna (Fig. 1) TrnsRaiusBaLmasnsyIang
vhanaeulsaiitadnenanlasalsiuddng madsnis
dn9ru Tneaesuuatilaanisn Aagaudt 2-3 lige
Ausudaidulsa Wuwman 12 44 duuasanlsaun
UseenFnandudnafialusss 2 u 1e@e 10 fasedy
e 2 U uadan1anLuag

4.2 Frethagadmsumsaalada quiusudnag
I85unsinemenlasadamefiszey 10 14 18 uas 21
Fudousudnaildsunisdraneslasaluvin guiiszas
10 14 21 uay 28 duuaanisananenlaia Tnagutag

1818Y 4 A1 NEaNAULAUAattafuda e

frenenliia wsesudaUng daenanaz 1 sy Ui
Fraundredaeninltazans uaneanifudousy n
wazlugen teafaanfiduiedaatngn Trizol
(Invitrogen, USA) anxaanis lugiiaanniissm daannu

u??zw%fmmmﬁﬁum freiriasanninstninfines uaz
USumnududuresenfiduedusuldaulila 0.5
Tulasnsuselulasans antudainseil cDNA Tneld
wulasl ReverTra Ace gPCR RT Master Mix N@NfiL
gDNA Remover Kit (ToYoBo, Japan) MANNAaNs
ANDAINUTEN

4.3 n1smsaalasalusudnoniemaian RT-PCR
paalasaieaie Tneldlnsies RGSV-pci-F/R 7
aunzsediu pcl warlnsmes RGSV-P1/P2 Ay
Aagiu pc5 dan1sngaalasaluvdn b lwswe s RRSV-
S4F/R (Wijarat, 2001) fawnzseiiu S4 uavinsiues
S8U1374/S8E3 ianimnzsiaii S8 (major outer protein)
(Pattayawat et al., 2004) 1 lwsiwas Actin-F/R (Yang
et al., 2017) AN BNnE actin 39191 Tusn
AYLIANIENLIAN (Table 1) wiztiduNaNy jiseWdens
UATATIAARDLULNATBINANARALEUIEARLazN1 1541
AUARTNEN N 9d
5. maAnsmsszanlasalududrufianisnsa
Aaalsn

waenFuN&19n TN Ailusde 2 1o Meudna
S 40 FusiaTiinloda lanRea s IWae
nstlnndtinanaenlsaudazala uaz¥innstneamen
Tafa ilesudnitldsuidelaiaGuunnne 7 14 21 28
35 uay 60 Junasnistnanaen laia guiiudaeengdng

leaf

" uppermaost

Fig. 1 Virus transmission of rice plant by feeding viruliferous N. lugens on rice stem. (A) Two leaves stage

of rice seedlings grown in plastic glasses, (B) feeding of 10 viruliferous N. lugens on stem for 2 days.

(C) Plant parts including uppermost leaf, stem and root were used for monitoring virus distribution in

rice plants by RT-PCR technique
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lﬂl a s o/ 1 [~3 1
Wansadianziiuinloda Taaguiiunalusd uay
luuugarestnn Tudag 14 uaz 21 Jundsnisdnemen
58 adnBuuannalud dlanay 1-2 wia wazh
28-35 Sunadnisnnenan lasa svazuanmla 3-5 Bia
FULTIIAIAT 5-6 A1 AU 15 Faaeing msy
v o o . . . o 4 e
FudaNgzey 60 JunAaN1oNenanlifa Tedauan
naNNNd1 20 nesiesiu guiiusaetnavianaiii nalus
N3LALaNe 94 5 Fu UFaaseAususnldun
arnefidue Weldiduduuuululfiisen RT-PCR
LAYAARINNTUNINTT AN a9 I sR @ eaLRAe l1mwd 9
MfulspannnnsiindTunadu pes Tneldlnses
RGSV-P1/P2 wazmiaaulasaluvinainnising
15unutiu S8 Tasaldlnsiuas RRSV-S8U1374/S8E3
ATIRRALIUIATAILANARNALEUIDAILDLN 19R1a8 ANN
ada v v
ENNANITI9FU

ANLUNINNPAT AT ATUZINEAT NN

& a v aa

wazAudauduaAn wnalulagdanininemns
WAANENRELNHATAVRRT INENYANTLNILAL 979 P

UATLN FTUINAABUNINYIAN 2562 DNAAIAN 2563

NANISNARBILALIANTL

1. sravugladauasdudniifiuunasadlada

HANNIYNLUNFEY RT-PCR #18190m99anuEy
pcl IUA 295 AIIA AT 81 pcs 1WA 1,100 ALua
(Fig. 2) i@gﬂﬁwﬁmmﬁﬂmma‘ alignment 131y
WLAMNUNaNAUEY pe1 (256 wa) Aaelilsunsy
BLASTn fiugudasa NCBI wudn Handliuandnenas
gesruidelhsadoame lelman FZ0403 anntszmne
A1 (MF947494) Tiaxl 98.83 wwlafifust 1 pcs (856
wa) S Fuwardneadsiuide RGsV lelian PTO10
saalsznalng (KF438757) 7 99.53 ulesifust

lsafvnliinlsalusiin Wielelnian LRI Asaa
WLUEIY S4 911A 970 ALUA AT 81 S8 IR 540 ALUA
(Fig. 3) dnduiuiaisinunng alignment wazainlthaFem
WeaLAumauny 81 S4 (915 1wd) anallsunsu
BLASTN fiugudasa NCBI wud Handliuandnenas

10 dpi 14 dpi 18 dpi 21 dpi
M 1 2 3 4 M 1 2 3 4 M 1 2 3 4 M 1 2 3 04
o - [F-- - - -
———F-- - —|F —-——
—
e | e R
g==-—--INNE =ghr--I§ ===
g= ~—-l=- Ss -l
. it ] e Ee
< Elalnl T H T T Elelald Slalcins
A B C D

Fig. 2 Electrophoresis of 1.5% agarose gel of RT-PCR products obtained from RNAs of RGSV-infected rice

plants (1-4) to detect viral pc1 and pc5 genes in stem (S), leaf (L) and root (R) of rice plants after

insect inoculation. (A)10 dpi, (B)14 dpi, (C) 18 dpi and (D) 21 dpi. The actin gene was used as internal
control of the extracted RNA quality validation. M= 100 bp DNA Ladder H3 RTU standard markers
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S8

Actin

Fig. 3 Electrophoresis of 1.5% agarose gel of RT-PCR products obtained from RNAs of RRSV-infected rice

plants (1-4) to detect viral S4 and S8 genes in stem (S), leaf (L) and root (R) of rice plants after insect
inoculation. (A)10 dpi, (B)14 dpi, (C) 21 dpi and (D) 28 dpi. The actin gene was used as internal
control of the extracted RNA quality validation. M= 100 bp DNA Ladder H3 RTU standard markers

fudelalarluvinlelaiananndsvmalng (Thai
isolate) (UB6714) iszsius 98.8 1wlaifust fu S8 (411
) flanundreafaiuide RRSV lalnian Thailand
TlsvAu 93.49 wlefidus (L46682)

2. nsnsaalafaluinaanszinnfinma aae
wAllA RT-PCR

2.1 mamsaalasadeaiie 19 name s RGSV-P1/
P2 llanansniiud3annign pes 1unm 1,100 fiuale
ewanuldlnames RGSV-NCP-F1/R @1ansaliia
FHuEU pc5 1A 450 ALua anuuad 4 lu 5 5
Anidu 80 wWesfidus Aspasiaanldlnsmes RGSV-
NCP-F1/R (Fig. 4A) u'anmde”LW?Lu@:T’RGSV-pS-F/R
asniinUSanniE p5 a1nm 379 fiua 14l 60
wafidus Aauuzi Il dnsuas RGSV-NCP-F1/R

nanisdTauNauAINuIMiauaasEy Aot
Tsunsu BLASTN fiugnudaya NCBI wudn &1 pes
(319 LUA) WAz p5 (358 LLIA) HAuANARIEARITL

M3a1531n13de O7 12 atudl 2 nengan - SuinAw 2564

lalmian PTO10 aandvusnil fiszsiu 99.37 uay 99.42
wefifus ausnfy THiiudinnamsslhialunae
nselandinmng 9y oc5 fiAnnudlunisasaany
NINNINEY p5 AAAARBIALTIE91T8Y Chomchan
LaTARLY (2002) Aimsaanullsdu N (pe5) way ps
naunnlumnaensylnndunaa luansinghilsa
02 uae p6 Bunnudntaauay liasaueile Feuiy
155U N waz p5

2.2 namsaaidalasalunin 14 lnawes RRSV-
S8-F/R WLEW S8 111/ 541 ALUa ANuNAd 4 T 5 6d
Aol 80 wlefifus uuasinsaanuiy S8 (3l 4)
nraanuEi S3 Inglwsies RRSV-S3-F/R waz fiu S9
I lwsiuas RSV-S9-F/R Ansiiduri (60 wlafidus) 1o
AEUETUIA 825 AILA UAY 1,110 ALUA ATNAIAL
(Fig. 4B) Huuag 1 59 fAnenalinusiagnuii

nan1TTaUAsuAN NIl e uaaeEU Aae
Tsunsu BLASTN fiugnudeya NCBI wudn Eu S8
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M 1 2 3 4 5 P
A

M 1 2 3 4 5 P
B

Fig. 4 Electrophoresis of 1.5% agarose gel of RT-PCR products obtained from RNA of viruliferous insects
(1-5) at eight days after acquisition feeding on infected rice plant (P). (A) RGSV feeding. (B) RRSV
feeding. Viral genes under investigation included pc5 (RGSV-P1/P2), pc5 (RGSV-NCP-F1/R), p5
(RGSV-p5-F/R), S8 (S8U1374/S8E3), S9 (RSV-S9-F/R) and S3 (RRSV-S3-F/R). The 18S rRNA gene
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Table 2 Detection percentage of pc5 gene of Rice
grassy stunt virus (RGSV) in the new tillers
and the uppermost leaves of rice plants at

14-60 days post-inoculation (dpi)

Day post RGSV-pc5 gene detection (%)
inoculation New tiller Uppermost leaf
14 75.0 (9/12) 75.0 (9/12)

21 64.3 (9/14) 64.3 (9/14)

28 100 (14/14) 100 (14/14)

35 100 (14/14) 85.7 (12/14)

60 100 (30/30) 95.5 (43/45)
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Fig. 5 Disease development and symptoms of RGSV-infected rice plants at 21-60 days after inoculation

(dpi). (A-B) Pale green to yellow or orange and shortened narrow leaves, (C-D) profuse tillering to

excessive tillering

Fig. 6 Disease development and symptoms of RRSV-infected rice plants at 21-60 days after inoculation

(dpi). (A-B) shorted and serrated edges leaves. (C-D) ragged and twisted leaves

(Fig. 6) druiluenai lailgnsannig namsaansitiu S8
Taigsiniane 73.3-85.7 wefidus Aeuniszez 35-60
Fundsnstnanenlasa asanudiu S8 lulusend
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Table 3 Detection percentage of S8 gene of Rice
ragged stunt virus (RRSV) in the uppermost
leaves of rice plants at 14-60 days post

inoculation (dpi)

Day post RGSV-S8 gene detection (%)

inoculation Asymptomatic leaf Symptomatic leaf

14 73.3 (11/15) 100 (10/10)
21 80.0 (12/15) 100 (15/15)
28 85.7 (12/14) 100 (14/14)
35 100 (15/15) 100 (15/15)
60 100 (15/15) 100 (15/15)
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Abstract

Brown spot of rice caused by the fungus Bipolaris oryzae (Breda de Haan) Shoemaker. Nowadays,
it becomes a major disease of rice. The most effective method to control brown spot is the used of resistant
varieties. However, morphological and pathological diversity information of the pathogen is the major key for
a successful rice breeding program for brown spot resistance. The aim of this research was to examine the
morphological and pathological diversity of B. oryzae in Thailand. Thus, this information is important for
planning the brown spot resistance improvement of rice varieties. The experiments were conducted in Nong
Khai Rice Research Center, Ubon Ratchathani Rice Research Center, Chai Nat Rice Research Center,
Phatthalung Rice Research Center, Chiang Mai Rice Research Center, Thailand Rice Science Institute and
Division of Rice Research and Development during 2018-2021. Survey and sampling of rice brown spot
samples were conducted during November 2018 to July 2019 from total of 26 provinces in Thailand. One
hundred eighty-eight isolates of B. oryzae were isolated from diseased leaf samples. Morphological diversity
of the 77 isolates of B. oryzae were divided into 7 groups base on morphological characteristics at 10-day-
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old culture on PDA medium. Conidia morphology could differentiate the fungus into 4 groups. Fifty varieties
of rice were tested for pathological diversity with 40 isolates of B. oryzae under greenhouse condition and
16 pathogenesis groups were observed. Group 1 comprised of 25 fungal isolates were severe pathogenesis
on 50 varieties of rice. The results indicated that the pathogen isolates from Northeast and Central of Thailand
had more morphological and pathological diversity.
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Fig. 1 Symptoms of brown spot on KDML105 rice leaves G1: oval brown lesions and surrounded by a yellow

margin, G2: irregular brown lesion, G3: small, circular, brown lesions and surrounded by a yellow

margin, and G4: irregular brown lesion that have a gray center
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Fig. 2 Morphology of Bipolaris oryzae; A: flexuous conidiophore and conidia of B. oryzae, B: a conidia

of B. oryzae and C: germinating at both ends of a conidia
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Fig. 3 Symptom of brown spot on rice leaves; A-B: oval brown lesions and surrounded by a yellow margin

on KDML105, 14 days after inoculation, C: oval brown lesions and surrounded by a yellow margin on

KDML105 in rice field
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Fig. 4 Seven different groups of Bipolaris oryzae based on morphological characteristics at 10- day-old on

PDA; G1: whitish grey mycelium, cottony, G2: greyish black mycelium, cottony, G3: brownish black

mycelium, zonate colony, G4: brownish white mycelium, cottony, G5: brownish black mycelium, G6:

dark brownish to black mycelium, and G7: brownish black mycelia, with suppressed growth
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Fig. 5 Conidial morphology of Bipolaris oryzae; G1: pale brown conidium, navicular with 3-12 pseudoseptum,

G2: dark brown conidium, navicular with 3-12 pseudoseptum, G3: dark brown conidium, cylindrical

with 3-9 pseudoseptum, and G4: dark brown conidium, fusiform with 6-14 pseudoseptum
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Analysis of Pesticide Residues in Rice Grains and Investigation of Farmers’ Usage

in Suphan Buri and Kanchanaburi Provinces
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Abstract

Recently, an increase of pesticide use can cause pesticide residue above standard limit which could
affect on agricultural product export. This research aimed to analyze and monitor pesticide residues in rice
production in Suphan Buri and Kanchanaburi Provinces. The experiment was conducted at Thailand Rice
Science Institute, Suphan Buri province during 2020-2021 by collecting different rice varieties from 40 farmer’s
fields per province. These rice samples were extracted followed by AOAC method and analyzed pesticide
residues by using validated methods of LC-MS/MS and GC-MS/MS. The limit of detection (LOD) and limit of
quantification (LOQ) values of this validated methods were 0.005 and 0.01 mg/kg (ppm), respectively. The
pesticide residues were detected in 18 rice samples (22.5%) from Suphan Buri province which were insecticide
from organophosphate group (omethoate 2 samples) and carbamate group (carbofuran 1 sample) and
fungicide which were cyproconazole (1 sample), propiconazole (7 samples), and tebuconazole (13 samples).
No pesticide residue was detected in rice samples from Kanchanaburi province. In addition, the monitoring
of pesticide residues in rice production in Suphan Buri and Kanchanaburi provinces was also surveyed. The
results showed an invasion of thrips and brown planthopper in both provinces; however, most farmers decided
to apply pesticides to control these problems especially at Suphan Buri province where farmers applied
pesticide at all stages of rice development. The thiamethoxam and thiacloprid were mostly applied at seedling
stage while abamectin was used at tillering and booting stages which accounted for over 70% of pesticide
application at all three stages. A dirty panicle disease was a major disease found in Suphan Buri province
while blast and brown spot were found in Kanchanaburi province. In this case, the difenoconazole+propiconazole
were mostly applied especially at booting and heading stages at Suphan Buri province. In summary, the
pesticide residues found in rice samples did not exceed the maximum residue limit of Thai regulation and
Codex’s MRLs. However, these pesticide residues exceeded the European Commission maximum residue
levels (EU MRLs). The reduction and appropriate pesticide application should be promoted to decrease
residue levels in rice products that could impact on rice export.

Keywords: rice, pesticide residue, pesticide, Suphan Buri, Kanchanaburi
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NEYAuLs 4 a1ne tiun awnaanadty vaanszian
WUNNIU UATNBIENNN A1 40 Fietig

3. FNRENTIILALNISIATLNFIDEN

guanat1ediiatlaanainuilasuideudn
anssoiBuaznneyanL3 engdnafiiusedindldifu 3
Fundanaiuiien Tneguifiusneteannuanes) am
fautas (WS S Ve X) mﬂffumgﬂl,ﬁzi”fl,ﬁvﬂ’ﬁﬁu
uaquLalu 4 4o guuen 1 T4 (Usennns 2 Alansu
dawlaen) ldganfenmnaan antinuaziiuiindasys
faeene tihananaugudianldenidmang 14
wesifus newilldnen wasfuinefigumnisn
N9 4 B9AEALTEA

4. ABN1TNANDY

4.1 MITWRIUIUAZATIAABLAN 1T lAYB9I5N7
ATIUATIEHAITAEANAINTBIAI AT L BNA WA A
ARgd19 ATUNIRINTENIATFY il daspnuiddi
fidaannsldan/ A AU LG dunTs (range/
linearity) mﬁmmmu‘%ﬁ (repeatability) Ananfinued
N19RTIANL (limit of detection, LOD) AAN19AURINIT
AgalatIuNng (limit of quantitation, LOQ) LaznIe
naaauginielfideuwlaisimun (intermediate
precision)

4.2 NMamTIATIELFN A TIARLTBNUAA
ﬁ‘%}ngommnmﬂumﬁ@mww IR

4.2.1 anpsaeened1anaenAlA QUEChERS

ANNATURY AOAC (2007) ldshasinednaunaziden 10
N$4 1Ftn 10 TaAANT LAY acetonitrile (ACN) + 1%
acetic acid 10 NaAAMT 1EN 1117 UALAN magnesium
sulfate anhydrous (MgSO4) 6 NFU Wax sodium acetate
15 N5 el 1 wift i llTusResiiannuga 3,800
sausioundl uan 1wl gaansaiadaula 2
fadams uwnlssqyadas MgSO, 150 {a@niu +
primary secondary amine (PSA) 50 daaniu + C18EC
50 #18@n3W bulk carbograph 7.5 RAANTN 181 1 W17
vl Tusiesd 14,000 sausieund ifluaan 10 Wi
N199LATIEZANY GC-MS/MS uiliansanaliuimg 1
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Aadams U ldnsasenu nylon filter 0.22 lulAsiums
ARUALATE dIUNNTALATNREILAd LC-MS/MS Az
wihgnsanm 1 Jaaans newdnldszimeuiauaalsy
Fumaiili 1 Jadans Aaadnsazane methanol 50%
LazNIBINIY nylon filter 0.22 TulAsums Aaulnld
AAEd

4.2.2 annglunnsaasei

- isesandalasannnsi-unaail agulalns
Apas (LC-MS/MS)

- paaN : Biphynyl 100 x 2.1 mm 2.6 ym

- gouunAAaaN : 40 asAEaLTnA

_ lapAeuT
A 5 mM Ammonium formate + MeOH : HZO
(10:90)
B : 5mM Ammonium formate + MeOH : HZO
(90:10)
ANNENNTIAINTH
LIRN % Mobile
(‘mﬁ) Phase A Phase B
0 100 0
1.0 100 0
18.0 0 100
18.5 100 0
20.0 100 0

- §msnnaedend: 0.4 fadanssiound

- \Bunasiian: 5 lailrsans

AinmedanniaRandng s 22 1iln di nax
aafn lunasmnuazayius 5 1ia laun acephate,
dicrotophos, dimethoate, monocrotophos LR
omethoate NANANTUNLNALAZAYALS 12 BHa LA
3-hydroxy carbofuran, aldicarb, aldicarb sulfone,
aldicarb sulfoxide, bendiocarb, carbaryl, carbofuran,
fenobucarb, isoprocarb, oxamyl, pirimicarb Wag
propoxur kazansantaaiunnanlsaie 5 alin Tawn
cyproconazole, propiconazole, tebuconazole,
tetraconazole WAL tricyclazole

wradnnalasunnenaN-unaailaailaing

sansaTin1edne O7 12 afui 2 nengran-fuanan 2564

HAwag (GC-MS/MS)

- ARANY HP-5MS Ul (15 RS x 0.25 NARALNAST
x 0.25 NaALNAST)

- g RdIuAAFAIL1Y 1 280 B9ANTALTYE
TEUU splitless mode

- Tulsunsugnunniisay : 60 aaruaTaa (11W17)
— 40 R9AIATRARRUNT 170 B9ATATEd — 10
a9ANTALELAAe U 310 BeANTALENE (3 W)

- 9oun# Transfer line: 250 4ANTALTHE

- Qmuqﬁ lon source: 300 a9ALIALTYA

- 8nsnslvareniaElaLN: 1 Naaanssaunil

AT229LATIZUATLANANAI9AIUIU 47 TiA
il ansafideaiuindausiag Angivg Wiungw aasnilu
WoaAuazawilgs A1uou 18 1l 1Al azinphos-
ethyl, diazinon, dichlorvos, EPN, ethion, fenitrothion,
malathion, methidathion, mevinphos, mirex,
parathion, parathion-methyl, phosalone, pirimiphos-
ethyl, pirimiphos-methyl, profenofos, prothiofos Lag
triazophos nglnenseasdansz 8 alin laun
bifenthrin, cyfluthrin, cyhalothrin (Lambda),
cypermethrin, deltamethrin, fenvalerate, flucythrinate
waz permethrin ngxeaIuAaETULAZEURUE 21
#%ip 16 aldrin, BHC-alpha, BHC-beta, BHC-delta,
chlordane-cis, chlordane-trans, dichlorodiphenyl-
dichloroethane (DDD-o0,p’), DDD-p,p’, dichloro-
diphenyl-dichloroethylene (DDE-o0,p)’, DDE-p,p’,
dichlorodiphenyl-trichloroethane (DDT-o,p’), DDT-
p,p’, dieldrin, endosulfan sulfate, endosulfan-alpha,
endosulfan-beta, endrin, endrin ketone, heptachlor,
heptachlor exo-epoxide ILaZ hexachlorobenzene

4.3 madzaanzldasadrfesriumandngdi
gevinemaing laalduuudunisnlinemingludsndn
AWITOULT UATNIAULE AudnaLnasaatngtaeld
4m37 Yamane flazdugasnnnuitediu 95 wefifud e
tszannipndndaunanuasilezanns (Waywa, 2541)
AuERIdIuLlsz N ITauA AT InI AT UL e
WNEAINT NI ALNINALETHNTINERATL 2562
999 80 318l ?Tfmg@ﬁ@"mﬁu wiv Ty Angivg n9annng
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asaRnltAvuANARgdg Tlle/manisAnuesans seey
oy 9
PNUENT LIum

ALHUNIINAD1TUANL VAT AATT 1 LU IT R
Faningnaaou)s I w.A. 2563-2564

4
NANISNANDILAZIANGT U

1. NMSNAIUILAEASIAFALANN LT LAURINENS
ASIAILATIEUAITNEHANAINURIRITLANLRIN Y
MNARARZTINI LUHANRATI?

nNsANEIANTIENmNIzaNuN1TIATI AT
R TIAUNNARLNAIARITN99S 4 NEN LATANTLAN
Tasriunnanlsadng a1uaw 69 1t luFaag1ednadn
119 §1989NMIgUlnenATlA QUEChERS MNTD
299 AOAC2007.01 B EUTUAUNINHANNIILATIZI
= U £ aca = I3 U
AARIRTIAEa AN T IAURIRTN1TAATIZY ANNd e
NMUARN) Al

=3 1 £ U dl U Y .l 1

1) AnEgAN NI NTuNFealdeNl wIaTad
AN URa1NTaNAdaL s LazANANRUE T
Ve (range/linearity) YDA FLANNIN TN 1M 10
3 1 U 1 ] 1 £ %
Faatedne wudn iWudunssag ludaeaanuidudy
0.005-0.160 Raansusanlansn IagldaAn r* > 0.995
Begflunuainisaansle

2) PFIRADUT (repeatability) Rrzdumqng
Windu 3 926U (A1 NaNY LAYER) A 0.01 0.04 uay
0.16 Haansusanlaniu szAuaz 10 G1 WUIN N9
a ' a a % 1 U Yo v
Anzianaail 69 aiin lusnetednn TirnAngnses
(accuracy) AaMNA1 %recovery WAYAIAINLNUEN
(precision) AINA1 %RSD (relative standard deviation)
g ludaanaeniuldnndeninunaes AOAC NArx

g 0.01 Raansusanlaniy fasay 60-115 LAY
AN 0.1-10 Haansusanlansu e84y 80-110
BATNITUTLINUAIANLNLE1AIN %RSD Niasay
1 aal a o‘d”d £ 1 o

8-14 WARNINATNTIAINZULNAINYNFRILNEN

3) ApaNAANIIATIATALRIIEN1947A (LOD)
- S S o nad
Anmaoududusiganainisansaadnls Naaau
v v a a [ 1 a o = o o
VN9 0.005 HAANTHABN AN WAZAAANARNITAINR
AT B0 (LOQ) TeNANdNgw 0.01 Nadnsuse
Alansu

% ] 1

4) nrsnmgaudinaliisaulanniuua
(intermediate precision) NTLAUANNENTYL 3 2L
A8 0.010.04 1Az 0.16 Faansumanlansy sxALUaz 10
901 a n:ll o v ¥ ao’ 1 [
41 IPeALAINILAUAMNITNIUAY 2 TRadl WU

v
91 %recovery 184813719 69 THA BefluTiBEAT 60-
115 MUNUTINIATFIU waz %RSD o ludaeiasas
v 1
7-14 WAANINNTNITIATIEAUR AN NN UL NN AT
NN T RN BN AUA
w v aa

AINN17ATIAaaLUAINN T lAUaIREN17mT9A
a I's a a o [
AAIITURNTLARNINNTINAT 69 TR TAHLLN T
NUARINNIATFIU ISO/IEC 17025 M faulalaan

a o=l ¥ d; A ¥
N@ﬂ’]i‘%Lﬁﬁ"]5MNﬂQWNQﬂﬁ]‘ﬂ\1LL@3L°ﬁ®D@VL@I

2. n3AgaadtAsIzrlSIuasIARiTaInuinen
fnginafinnAndlusnatnedng
Fnag1etalananAImIngnesnILE a1uau
40 faeng LAYAINIANIEYAULT 40 FIBENY 994 80
Faatg uUgI19RaNNER 105 faeay 69.0 Wug
Unuandl 1 Feray 12.5 peaalinwuansiennAng 62
FARENN (FRUAT 77.5) WATATIANLANINEANATNTDY
ansiaditaeniuiandnginnlusaeenedaaindandn

Table 1 Pesticides concentration found in rice samples

- Concentration
Pesticide Sample no.

(mg/kg)
omethoate 529, S35 0.02-0.14
carbofuran S35 0.01
cyproconazole S9 0.01
propiconazole S2,3,8,12,18, 20, 22 0.01-0.03
tebuconazole S1, 2, 8,10, 13, 16, 18-20, 22-25 0.02-0.06
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ANITOULT 18 Finaeing (Faraz 22.5) InawuemnAng
wasanstlasiumanunadlunguansnilunaams 16 un
@17 omethoate 2 A38E14 UATANINGNANTLINA
carbofuran 1 a1 liNUAEANAI90981INGN
aafnTumasTuLazansdaunT e ininseas dauans
wiltlaaiunanlsaid NUNNTANAISTR94NT Cypro-
conazole 1 ALY @19 propiconazole 7 AagNg LAy
tebuconazole 13 #2821 (Table 1)

Lﬁmmmﬁ’ﬂmﬂuauﬁﬂLm:rmﬁﬁwummmﬁm
TaadaansaalinuarsiiwnnAneanndngdunsie
NNNINEAIAINLUTENIANTENIWATT0UET TN oe
finsanuansiuande Fecliifiudiunniansis
ANANNEI4A (maximum residue limit; MRLS) AINKQ
1361999555 W91 gsTieAnAnsmnsInaeTAvLa
124N nNe Ineuas Codex’s MRLs 419U 2 1110 Ag
carbofuran Lae tebuconazole WAUTNILANTANATS
iifiuanrinmued 0.1 uaz 1.5 Taansusenlans uax
RsaanLaNsRlTA MU 3 9in Ae omethoate,
cyproconazole LAag propiconazole

ae19l3fiN ANNIMIFINTRY MRLS AN
¢/l51 WU ansERNANURUANTTMUANTINNATTI

3a%lp An carbofuran, omethoate LAY propiconazole
InuaENIansREANA9gedn 0.01 Hadniuste
e o 4 .
nlansu Ineannzans carbofuran @aiuanslungui
o ala A o 9
dudngifemianisinensne ludnadiseds (watch
list) iHasanANHALLNAUNI9LINGY TInguANNN
glsil awEnn uazuedsewalue e laaniannisld
v 1 v
Tiluda somvi9ans propiconazole NNNAIAUGANTS
aynya lildluannnglsl Wesainanainanszny
FaLAN 11AT9A TANNHIATNIFIAINANIDNAEINANTENL
v 1
FANNIEIRANAUANTINT84 eI TN TT N ARNNTN DL
Tuad@eumas

3. anumsains liansaitasnuianAngdng

UBINBATNS
arnnisdunisalinasnsluiuidandn

ANITDUT 40 9181 LAZAINIANITYAULF 40 918 e

a I3

Wlunguipeniuniiusaetinednondeameiasiai

ANANS WU insmsnadau v uAsudngns s uay
Aandanneyaus uitfoyuusasdngdng Ineldansnd
lunistesiunndandngdne Andlufasay 86.67 uax
73.47 mNaTsL

(%
o o o

Toymunasdngdrandr Aoy luisaesdamndn wu

Table 2 Incidence percentage of insect pests found in Suphan Buri and

Kanchanaburi provinces in 2020

Rice insect pest Suphan Buri Kanchanaburi
Thrips 26.88 30.86
Brown planthopper 26.88 23.46
Rice leaffolder 13.98 16.05
Stem borers 25.81 13.59
Others

Rice black bug 2.15 -
Rice gall midge 2.15 1.23
Rice bug 2.16 -
Caterpillar - 2.47
Whitebacked planthopper - 1.23
Rice mealybug - 1.23
Stink bug - 1.23
None 1.08 7.41

sansaTin1edne O7 12 afui 2 nengran-fuanan 2564

113



Table 3 Percentage of insecticide application at each development stage of rice in Suphan Buri and

Kanchanaburi provinces in 2020

Development Insecticide

Planting area

stage of rice application (%)

Insecticide

Seedling Suphan Buri 75.0 thiamethoxam and thiacloprid
Kanchanaburi 2.5 abamectin® and dinotefuran
Tillering Suphan Buri 72.5 flubendiamide+thiacloprid
Kanchanaburi 40.0 abamectin and dichlorvos*
Booting Suphan Buri 70.0 abamectin®
Kanchanaburi 15.0 abamectin®
Heading Suphan Buri 47.5 dinotefuran, abamectin®, ethiprole and chlorantraniliprole
Kanchanaburi 5.0 abamectin®
Maturation ~ Suphan Buri 20.0 emamectin benzoate
Kanchanaburi 0.0 -

* = Not recommended in paddy field

Table 4 Percentage of rice diseases found in Suphan Buri and Kanchanaburi

provinces in 2020

Rice disease Suphan Buri Kanchanaburi

Blast (tillering stage) 14.93 18.97
Brown spot 22.93 18.97
Dirty panicle 34.33 517
Bacterial leaf blight 7.46 12.07
Blast (heading stage) 4.48 12.07
Others

Yellow orange leaf 2.99 -

Root rot - 1.72

Bacterial leaf streak - 1.72
None 13.43 29.31

1%

. X X o ¥ o
nasvinanavesnae uazinaansyinnduinniaginan
A 1 ¥

FRIANNN AB UUAUNE uazuueualudg (Table 2)
Tnainemansdandngnesniys Idansiaiidesiunidn
uNasnszezaaenislgn Tneldans thiamethoxam
Hae thiacloprid wnluszazna AouIzIZUANNBUAY
sztzaies duuldans abamectin Seveanuszezil]
nsldansaidesiumdnunasuinndnferay 70 Ty

AUTN292 UM TNUAZIZRIZWALNWAY INEATNT LEaNs
WANSRaaY 47.5 uaz 20 Aruanau laaldans
dinotefuran, ethiprole WAY emamectin benzoate 2
neasnaddanayanys idanslesiuindnunasiias
ndnuanssmiaguasid Taeldansuiniigaly
szeizdnauanne Aaifludenas 40 ansiniifaesld Idun
abamectin wazldldansiafidasiunianluszes
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Table 5 Percentage of fungicide application at each development stage of rice in Suphan Buri and

Kanchanaburi provinces in 2020

Development
P Planting area

stage of rice

Fungicide
application (%)

Fungicide

Seedling Suphan Buri 2.5
Kanchanaburi 0.0
Tillering Suphan Buri 25.0
Kanchanaburi 7.5
Booting Suphan Buri 77.5
Kanchanaburi 2.5
Heading Suphan Buri 65.0
Kanchanaburi 0.0
Maturation Suphan Buri 20.0
Kanchanaburi 0.0

propineb

tricyclazole and difenoconazole+azoxystrobin
difenoconazole+propiconazole
difenoconazole+propiconazole and carbendazim
difenoconazole+propiconazole
difenoconazole+propiconazole

and tebuconazole+trifloxystrobin

difenoconazole+propiconazole

WALINAY (Table 3)

gudutTymnlandnn wulsamansnsuiningalu
o o = v al
andngnesnis wavnulsaluluduazlsaluqnd
H o o = o o
Wmnaludandanigyauys (Table 4) NHAINIIINTH
gNesnuj7 Annsldansiaiinnanlsadnn Asussyezdng
AaRuATITETUINTNNINDFRLas 77.5 way 65.0
FNNANAL UAZIRZNALNAY INHATNS IANTLANNIAR
Tapdng Faray 20 dawnwmsnsludandaninyauys Tl
ldansindidasiuindnlsadasiausisazinggassscay
WALNAY uidnsldansluscazdqunnne feaay 7.5

Toe kg difenoconazole+propiconazole (Table 5)
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