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ABSTRACT: Rice ragged stunt disease is one of the major rice viral disease in rice cultivation process of the
central and lower northern—irrigated rice field of Thailand. Rice ragged stunt virus (RRSV) infected rice plants
caused physiological and pathological changes due to virus invasion and affecting the plant photosynthesis.
This research aimed to evaluate the interaction of RRSV—infected period on the various pigment types and

contents of standard susceptible variety Taichung Native 1 (TN 1) rice plant leaves. The experiment was
3X9 factorial in completely randomized design with 3 replications. Factor A were tested rice plant
population from the sap—sucking of the brown planthopper (BPH, Nilaparvata lugens Stal) including:
non—sucking, non—viruliferous, and viruliferous BPH sucking, respectively, and factor B were the period of

RRSV infection in rice plants at various plant ages between 10 and 90 days. The research showed that the

pigment contents from the viruliferous BPH sucked rice plant were the most decrease when compared to

the non-sucking and non—viruliferous BPH sucked rice plant, respectively. The different infectious periods
in tested rice plants affected the increasing contents of primary pigment, whereas the secondary pigment

decreased, respectively. The interaction of infectious periods in tested rice plants to the pigment types and
contents were non-significant statistical interaction (P=0.05) to chlorophyll A (Chl—A), chlorophyll B
(Chl=B), total chlorophyll (TChU), carotenoid (Cx+c), and TChl/Cx+c, but significant statistical interaction
(P<0.05) to Chl—A/B, and phaeophytin (P), respectively. These results demonstrated that the rice plants

afforded to improve and recover after the different viral—infectious periods of vegetative growth,
reproductive growth, and ripening growth stage, respectively. These research results are the important
preliminary information to be used to influence of RRSV to pigment contents and plant resistant assessment
due to virus-pathogenesis to biochemical processes, and a rice plant variety improving to resist the virus
and insect vector disruption.

Keywords: Rice ragged stunt virus (RRSV); Brown planthopper (Nilaparvata lugens Stal); Taichung Native 1

rice plant; plant pigment contents
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Isaluriind1in3elsngtna (Rice ragged stunt disease, RRSD) Lfluiiﬂ%’nﬁﬁmmﬁﬂf-ﬁ’aﬂw%nmﬁuﬁm
waUsyyu (irrigated rice field) nManatswazaamilonauaisvesusemndlneg iamﬁqﬁuﬁﬂqﬂ%ﬂaLaL%ﬁ Feaunsa
afenudemelaluseduasgn 100% lnedanugainlisaluninds (Rice ragged stunt virus, RRSV) Tuana
Oryzavirus 3@ Reoviridae aynali¥aidunssnauvanamasy (icosahedral shape) vunn 60-80 wrlutums il
Waenduuensiariy (non-enveloped virus) usfitulusiiu 2 44 (double capsid shelled) vievuansitugnssueia
91510wea8ALdUnSI (linear dsRNA virus) §1u3u 10 Fudau (segment, $1-510) (Miyazaki et al., 2008) 1254

auisanneneals lagutasningd manuinemena (piercing-sucking) ¥ atnd enszlandwinia (brown
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planthopper (BPH), Nilaparvata lugens Stal) 8uay Homoptera 34 Delphacidae waz iU dususiunis
fnemenlsauuUdBy (persistent—propagative manner) (Sogawa, 1982)
anwarnduguivevedsaluminduuiivendy asusingbiliunendanisaievenlisauaiuszunm
20-30 Y nefidnvaiziau Ao Fuils uaszunsu (stunt) luwauuazdunitund (short leaves) warddiendy
(dark green leaves) U19asiidnd 0sdad ududnvaznsesnaslsfiad (discoloration) Uareludmduinden
(twisted leaves) vauluinuwisiu (malformed 138 nicking) wazndniduiandreiiuides (rageed leaves) 1w
na1dlunan (main veins) ldunatdluges (minor veins) wazudisnuluasiduduyuuinldadunaues (vein-
swelling 38 gall) éwé’uﬁﬂmmﬂﬂﬁauazmmﬂal,ﬁumﬂ%@ﬁ@g’iﬂﬁﬁaqmdwﬁaﬁu (excess branching) fiudail
Julsrazeansiadn (delayed flowering) saslianysaiviolnaliiuniuluss (malformed flag leaves) wanangdu
LLazﬁifmﬁmm (unfilled grains) (Milne et al., 1981; Huang et al., 2015; Na Phatthalung et al., 2017)
nsasuilamisaisinewessadiiverfoiosannmsyngnveshialuvindn Tnsnsmaaeulsaasly
Fnlallnasiuglngaudinl 1 (Taichung Native 1: TN1) Sadufuginiseulennsgiu n1s@nwives Hibino et al.
(1979) nui aymaladanszaneidungy dnwazidundn (crystal inclusions 138 viroplasmic matrix) Aididulely
lnslvluesuszanuey Foiliiuuasdidnnseu laensanun gluvinalalimanafuvesvadvionwnsiddnuae
yuuazuanldanindegaunanivly 510 wazlu muddu Jsaenndesiun1sseuyes Parejaream et al
(1985) uaw Rungreangsri et al. (2008) uazdnuazoinisvaslsalunindndamsaiind uldluynszeens
wiguAvlavestn neeuguussfivsngiuasdauuansiutuful fautuseshta adensdanmuay
M W szeznamsiasula ssezafnde srovuds sezilnd szezinan1sdienealsn nalnay
FumuasiinadudnuasUsysuguesiiverdoty 4 warnsuimsdanismenanuaslussduulanmelgn
9InnsAnEIYes Disthaporn et al. (1985) wuin dud i lasunisarenealisalunindalneuuamineimis
ﬂwimﬂﬁﬁwmaiuszsJ3mﬁLfﬁ'f,yLﬁ'uimmﬁé’wﬁuuaﬂw%aizazLLmﬂﬂa 299 15-45 Ju (vegetative stage) LLEMI

a1nsguksinudielasulasalussegnisasymianisduiug 933 50-70 Ju (reproductive stage) wanaNTdanuin

'
£ a

rozidudnsuiinisasstenen 1423 60-70 Yu (panicle initiation stage) avilusvozfidudnigoulesalsauin

ol

‘1’71'51@ waszarTiduineensIuds 923 90 u Fuly (ripening stage) %a’wams‘vmm'aNawﬁmﬁaaﬁqmamxﬂimg
Snuaremaduluvaldariduy Sanmsindelsaluindnsessesimunmsuaznnasyivlnvodudnian
denarionsiUdsuulasdnuasmaaisineuastueiiidntulueadiivends Tneangegrnistavrnalans
vhauessaning (pigments) wagmsiadeudneansnng  lunssuaunsdaunsziseuasesiiv (photosynthesis)
nuasiiadslus unasazrauvsounassUreeite (source—to-sink flow) (Tromas et al, 2014) sandngivuiin
naslsiladiiussduszneuiidnlunssuiunsdaaeishouasesiis fuihmihiduluanasundanuanuas
warmdsnudinanluldlunsasiadsnumand 99nn15918971909 Al-Debei et al. (2011) WU nsiiiy
UsyAnEnimnisdunsisideuamasiviusgfuaudiveseaslsiadfiannsadunreiluanaudinelusaduay
mswasunlasUsunaninna (total soluble sugar) fidwasonsnevausimsdsunlaclSunanaslsiladuas
fnoanlunsiiinaanandia [udl (Liu et al, 2017) Wena1nd Lu et al. (2016) léseeuin Usunueaslsilad
wazn1sandolsalunindlududldisnsnadongfnssuvesuuasmnglunsdongaiudidsenindudn
oghdlsfinaliifinememuinisszernansindohiafunnmeiu §ifedddssgndnmsifeludmilifionsnu
SRy

nMsUszfiusinausseingivdesannsyngnvedhiadadusosdhdymeinmsedisda iesanly

anmudaanizugniinddadeidmasanisiudsuiuasluussaingiy Faneliinnansenunisludanuamn
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(quality) wazU3unau (quantity) (Kana et al., 2004) 2INNSNUNIUITIUNTTUTRAUTIGILIUIINGNITI18UTINTT
Ussilivufdunusvesssaznanisinidoveshisalunindnludniugseune unsgiulvgauiin 1 seviinuas
USunamesseaingiia aagiideddldvihnsideluduifmsludeyaiugudfyioilulszandldlunisusziiiu

Anenmaudiuiuessiutdentsiviatsvehfaluningma wazieidusuimianisusuugaiug il

]

FuNuRaNISYinaeedhIsakaTklaINI N B UNANERT1 d1uSUSULlatunISIUAULUAIYBIAN1IEHINA DY

warnIsiLIuYRIlsEIInstaniuaunan

WBmsAne
N1SLAENUTTYINTUUBININLUIAND

Arednskuasnmvend enselanduinia (BPH, Nilaparvata lugens Stal) lasuai1ueyiAs1eianngy

a P

79111915A917 NERITBUaTHAILIT1Y NTNN1ITN FelaRndendegrauuasrgaensigiuanuasivl (light trap)

o W

AnduluaInIniUasuvalsEmuvetnuasnsluiiungnnevuede Jwiaunusil ihudeaiuusunalunse

v '
-]

HEMUAIUIA 16X 16X24 17 FINTINTIYAILL@IANDUNFRMIAIUD 40 1N (mesh: IwIwdouTasaiun

o

U
AzunTanilanns1eily, 40 v = 0.4 i) MeluTeunNeaeIveINelIduuasmuIY13 NIUN1SU1 NTEAUGUNY

]

)

2712 pernwaida SevazArBUETITS (% relative humidity, RH) Uszuas 70210 uastawuas (photoperiod)
Uszanas 8-10 alussiodu Tnelddundning nu7 Uaselse (@1gfund191n 7-10 Yu uazgeuszanas 6-9 o) 10y
finendauaziives Jasvhnmsudesliuuamivendiwanasyiulnasuiasinegsiedies s1uauedieley
3 9u (F,) ¢ ldUszInTULaMWEUTaNS (non-viruliferous u3e virus—free BPHs) tanlilunside uazagyiinis
Wasusundimyalwmidiedeuns Wedunddymmiduiisiléuszana 50% (fiaiuu 3-5 ) Tedund
dnihiwldideuuasiuarlifinisBaruasied wiinsfdadnsveauuas 9y un uusyy uagisan e Bn1sdu
Ay
nsssaUszrnsiuiimeseuiielfiluumasendeiuyiunalaa
fegafuiniuansensvedlsaluinldfuauoyesziannguininislsadm nesidouasinmdn
nsumsim elddndendetwuinitaniemsvedsnegetaauanulamsalsen uresnunsnsluiiui
Sunevueade Sminuvusil thamzugnlueunnasaielfifiuunasendoiinuiunalliadmiunite uas

Tgaudniugoeusansgulngaudin 1 (TN lunismegeulse lnstdunardningauiin 1 Uasalse (egsiu

na1913 7-10 T uargeuszana 6-9 i) indndrlunseaisiiugunsansrueniulinuuin 6X6X6 ih nsvnses 3
ne neay 3 fu iewleudmiuimsienenldaluindnlneuiammzmasnselandimanely
nsanenaalidalunindin

é’mLﬁamJizmﬂﬂmaqwmxﬁqméﬂmLwﬁyaﬂﬁximmﬁﬁ’]maizazﬁuéau (virus—free BPHs nymphal stage)

@

Suil 3 (instars) Lﬁa@mﬁuug%?ium (sap-sucking) ndudmiiuansernisvedtsaluninessdman Ussanas 50-100
LRI dauﬂdaa‘lﬁumaq@mﬁuﬁ’]Lfﬂ'ymmﬂéfusih’;ﬁL‘T‘;Juismﬂﬁuuaaammmﬁ U 2 9. (fasting period, FP) o
ﬂ'ﬁ‘ummﬂa'ammaa’lﬁ@mﬁuﬁ’nﬁmmﬂﬁuﬁnﬁLﬁuiiﬂ W 7 Ju (acquisition feeding period, AFP) wlavins
demenli¥annduinguuas mndugeuuasiiléfunistienenlada (inoculated vectors) TUidssuuundrim
N7 Yaealse daldiduiivendewasiinerns iWeseszeslilifaudsilunuas wiu 7 Yu (alent period, LP wie
circulative period, CP) uazasvhmsdsudundinyalmifiodssaailedudmyaiFuiellsussana 50%

Wenasuszezwliiivedhiddluiuasdedsuuadluidssuuiundaidriiugdeuneninsgiulnygauiin 1 Yasalsad
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wiguld lngudeelviluasgaiudideindudiiiieviinisatenealisa uiu 2 Ju (inoculation feeding period,

IFP) antuihaunartnalasunisanevenlisaluminuan (inoculated rice plants) snwuastesiumdnunas uay

thiudldlunssvunm 20x20x42 th Fanidenssyfesiiaiavoundesdifinnud 40 wm iedunadnunzeinis
vaslsauuivenfy wazihanlidudedsluniside
nsasavdeulSalumindrafiemaiin DIBA

w3pnihAuRirannnsAndenuaruasegisludn s1uau 1 ndu ulnssunansdeiunsisendeuda Tne

T¥ansazaevlpaninwmasydu anududu 0.01 luasreans seauaudunsasiaviniy 7.4 USuns 2.0 4a. 9

udifu Wudvimlesadin (extraction buffer, EB) [0.01 M phosphate buffered saline (PBS, SIGMA-ALDRICH®, Lot
23H8927), pH 7.4] navtrllesatauazfiufiualidatu gadufivildldanaonlulaseuniaing vwn 15 ua.
inlunyuind sasenuida 11,290 x ¢ Agunnd 4 earwaldea w10 undt (Sorvall / DuPont RMC-14
Refrigerated Micro-Centrifuge) mﬂﬁ?u@mmiasmEJdauiaﬁlé‘l,ﬂwaamluimmw%ﬂﬁ WA 1.5 wa. nasalny

yinnnsasivasuhsalurdndnluihauisneseulaniemaila DIBA frunisidansazatswaudsuvashisalundn

417 (anti-RRSV IgG) f§n51n1515 9979 1:1,000 i1 Tunnsesraaeusaufuaisazais BCIPS/NBT (SIGMAFAST™,
Lot #050M8214) & <1410 uanse afuns eduarmsn (substrate) waztouleydanlatweanina (alkaline
phosphatase, AP) (ZyMax™, Lot 40688597) fisns1n15139919 1:5,000 Wi Wustnelunmsvensanuaansanio

UszAnSnmeesisnisnsiraeuufiservunsululasigaglaa (nitrocellulose membrane, NCM: pore size 0.45

um, Bio-Rad®, Cat #1620115) mai3an1551891u Na Phatthalung et al. (2017) (wouA@suveslisaluninduay
asndiluliseinisnsisaeulasuanueynsgiannadifeuas w1t nsun1sina)
nsuszdiuyiauazUsinavesseadngvswuuinansly

dandonlutn Sunuiedar 1 ndu ualiiaziBoalulndsuaasdsiunmstueindouds iuasazansie
vuea AU 95% USums 10 wa. naudiogsiivuazansazanslonuealiiniu uddsgeansazaneilald
Tunaoaisun3iiad vun 15.0 ua. udahlundliluifin gaumad 4 sseuwadea uiu 24 s Weasunani
aTaraNENTasUNTYATYNTONUDS 1 (Whatman™) ienseaaunzneuiaieludniivzsuulumsavaisonn th
ansazanefinsedlalunyuissinennansy 11,290 x ¢ figamgdl 4 ssrniwaidea um 10 Uit (Sorvall / DuPont
RMC-14 Refrigerated Micro-Centrifuge) waztiluinainisgandunaddasiaiesindinisganduuas (Thermo
Scientific™ GENESYS 10S UV-Vis spectrophotometer) 7 A311813AA U 663, 645, 415, 435 uag 470 unluuns
g Tnglansazaneiovuea anududu 95% uasazanelSasthogaviasadariiegus (blank) anthai

Amsgandunasilaluimuiamuimussaing wan./aa.) leun aaslsitadio (Chlorophyll A, Chl-A) Aaslsilad

J (Chlorophyll B, Chl-B) aaelsilaasau (Total Chlorophyll, TChl: Chl-A 4+ Chl-B) uals#iusss (Carotenoids,
Cx+0) dadrudsunanaslsiasenard (Chl-A/B) dndiulSuaimaslsiladsinuwazwalsfiueen (TChU/Cx+c) washl
1oln#iu (Phacophytin, P) auaneu (Table 1)

N1IITLLHUNTINADY

N13NARBILUY 3 X 9 unnvavaluunuwuuduanysal (3 X 9 factorial experiments in CRD) 411013

Vaawsvan 3 91 Usenoumie 2 Uade laun Yaden 1 fie sULULTeIUTER NIt 1INAaRUAINNTAARLULEES

a

VoAt 313U 3 nqu taud ngudt 1 ludnsliunasgeiudnde@indudn (@aatuam) ngui 2 uwasunfigaiu

Y
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thidssnduimn (uimuaeelse) waenguil 3 wammzgaiuindssandudnn Quiradulsaluring addy
wazdadedl 2 Ao svoviaindevedladalududm () fumnsiety S1uau 9 sedu (10-90 Fu) mendmnnisga
Authifanndudnovesuuas (days after inoculation, DAI) Sufindnnisgandulaseshaufis uazduin i
59A3ng (uAn./4a.) (Table 1) ﬁwsﬁa;gaﬁu’wmlﬂimiwﬁmmwiﬂiaumaaﬁa (analysis of variance) lU3guIigy

ANUKUTUTINTRBYAY ANOVA uazilSeuliisuanuunnd1avesaaielngds Duncan’s new multiple range

test (DMRT) iszsiuanuidiosiu 95% felusunsudndagy SPSS (SPSS 16.0 for Windows®)

Table 1 Equations to determine concentrations (ug/ml) of plant pigments by 95% Ethanol in UV-Vis

spectrophotometer
Plant pigments Equations/Formula (ug/ml)
Chlorophyll A (Chl-A) 13.36A50 — 5.19A440
Chlorophyll B (Chl-B) 27.03Ag00 — 8.12A44,
Total Chlorophyll (TChl) Chl-A + Chl-B
Carotenoids (Cx+c) [1000As7 — (2.13Chl-A) - (97.63Ch(-B)]/209
Phaeophytinization quotient (Pga)* Agss/Agys

Notes: Absorbance (A), *Phaeophytin (P) is the degradation product of chlorophyll, which represents chlorophyll that has
lost the central Mg ion (Ronen et al., 1984; Sumanta et al., 2014; Shen et al., 2016)

NaN1SANWILALIRTR
nsasadaulsalunintnlunlegnsludinageusiawmaiin DIBA

wansasiaaeubTaluviindnludegranauanduiimeaey Ysenausme 3 nau laun naud 1 laidnns

TusamAfuiEeInduing (ganiuaw) nqui 2 wwasunfgeiuinideninduiny (udnvaealse) wagnaud 3

q U

wuaswnegafudesnndud udradulsalunin aud1du wanads Figure 1 Wuin @11150059980U

Ufiseintuuuuiusessuuiseniialulnseagladliegiedaau Tnstauandregidludrmeaeulungui 1

@ a a '

waz 2 WU ASe 1 duddsiseudadudvenhnuiiy (waau, negative results) lWisuifisuiuihauansdaegisly

P

Prameaeulungui 3 Falvidvesujizenluduntudae (auan, positive results)

' v
= Uaaa S a = '

dveauisenfiintuuuuiusesiuuisenvialulasvaglaaiiuaisudnsdaet (product) MAnain

UAsemimesenuszninthalumindiuaswouddsuvedldalumind (anti RRSV-1gG) Insarduansavans

BCIP®/NBT 1fuanssad (substrate) uaztouluidanlarnoaniina (alkaline phosphatase, AP) iusgaelunis
YIANUAINTINS oUsTANTNIMeeITN19RTIvEe Az dvesUfisefiiintulazsidudadiulaenseiu
Ysunauweudiauidegludiegne lnseuleddanilatneaninasgiminilunisazaslad (catalyze) uazifin

lelnslada (hydrolysis) a9eWloainnlodnas (phosphate ester) UUATTA 1A UK odUALATNITAAITAZAY

gy

BCIP®/NBT uagsiliindvesufAsenfiddnumeyliazaretn (insoluble) Usnguuusiusesfuufizenvinlulng

v
N o0 a 1

waglaansausngaiiinujiseluduntuiag (blue-violet) aeg19dmiau (Luttmann et al., 2006)
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Days after RRSV inoculation

Treatments
90

@

S v

Non-suck leaves
(Trt 1: Control leaf sap)

Non-viruliferous BPHs suck leaves

(Trt 2: Disease-free leaf sap)

Viruliferous-BPHs suck leaves
(Trt 3: RRSV-infected leaf sap)

Extraction buffer

Figure 1 The detection and diagnosis of RRSV infected rice cultivar TN1 sap by DIBA

msﬂmﬁwﬁﬂu,azﬂ?mmmi’mqimlsz‘mnsﬁu%'ﬂ'mﬂaaumwé‘famnms@mﬁuﬁ;’lLgmmauwaa
nsUssifiusdanaruiinasetaguisvesssnnsiuttmaaeutia 3 ndu mevdsinnisgaiudiides

voauuas (Hady A) 1dud nguit 1 Lidinsliuuasgaiudnidssmndudn arauaw) nauil 2 uwiasnfigafudh

Ao uimuasalsn) waenduil 3 uuamnnegaiuthidesnndudng Qudradulsalusin wuh Vi

Aaalsiaate Aavlsiladd Aaalsiadsny dadiudsunamaslsiladiowarld dnaiuusununaslsiadsiunaswalsi

weed wagillaliiu danuuanseg1aleddynieada (P<0.05) uwarnuiusinuseningaisvasussansau

Jrvageungui 3 IusunutleefigadieiSeuiisuiulinnasningeisvenlssrnsiudivaaoungud 1 wag 2

a o 1

waziileusziiulTnassainguiaualsfiuoss wuin lifinuusndnegsdidddameata (P>0.05) awdidu

(Table 2)
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Table 2 Influence of RRSV infected period (10 to 90 DAI) on the pigment types and contents in TN1 rice plant leaf crude sap test samples (ug/mL)

Varieties of the pigment types and contents (ug/mL)

Factors Treatments
Chl-AY Chl-BY Cx+cV TChLY A/BY TChl/Cx+cY Pgal
Type of BPH  Non-sucking (Trt1: Control) 2.41210.173b 0.81610.361b  0.578%0.074a 3.22810.527b 3.5251+1.423a 5.796%1.780b  1.121%0.017b
sucking Non-viruliferous sucking (Trt:2 Disease free)  2.411£0.170b 0.81610.357b  0.580%0.072a 3.22710.518b 3.514+1.417a 5.767£1.723b  1.12010.018b
(A) Viruliferous sucking (Trt3: RRSV infected) 2.36510.164a 0.75010.338a  0.581%0.064a 3.115%0.497a 3.89611.932b 5519%1.539a  1.109%0.010a
Vegetative growth
10 Initial tillering stage 2.118%0.027a 0.331%£0.061a  0.647%0.022e 2.449%0.081a 6.618%1.369¢ 3.790%0.237a  1.099%0.008a
20 Early tillering stage 2.17130.029b 0.40210.035b  0.64510.020e 2.57240.037b 5.44310.516f 3.99410.133a  1.117%0.010b
30 Middle tillering stage 2.331%0.057¢ 0.52010.024c  0.640%0.030e 2.85110.046¢ 4.49310.302¢ 4.46310.165b  1.12030.016bc
RRSV 40 Final tillering stage 2.37810.024d 0.62710.057d  0.62510.013e 3.004140.067d 3.82510.382d 4.80810.169b  1.14110.017d
infected Reproductive growth
period 50 Initial panicle stage 2.391%0.028d 0.807%£0.095e  0.573%0.032cd  3.198%0.082e 2.999%0.361c 5.60910.460c  1.12630.013c
B) 60 Middle panicle stage 2.45010.027e 0.85010.043e  0.584%0.022d 3.29910.048f 2.889%0.146¢ 5.65810.259c  1.116%0.006b
70 Flowering stage 2.505%0.028f 1.01010.064f  0.553%0.028¢c 3.51520.059¢ 2.488%0.175b 6.37510.404d  1.100%0.013a
Ripening growth
80 Milk stage 2.575%0.030g 1.20010.077¢  0.49810.033b 3.775%0.08%9h 2.154%0.128ab  7.62130.699e  1.11620.009b
90 Initial dough stage 2.64810.045h 1.39810.075h  0.45510.023a 4.04610.110i 1.89810.085a 8.92810.587f  1.1161+0.011b
Type of BPH sucking (A) <0.001% <0.001% 0.899ns <0.001% <0.001% 0.019% <0.001%
RRSV infected period (B) <0.001% <0.001% <0.001% <0.001% <0.001% <0.001% <0.001%
AXB 0.092ns 0.319ns 0.090ns 0.178ns <0.001% 0.590ns <0.001%*

Notes: ns = non statistically significant difference, % = statistically significant difference (P<0.05); 1/ = Means in the same column followed by different letters are significant differences (P<0.05)

by DMRT; RRSV infected period or days after inoculation (DAI); Chlorophyll A (Chl-A); Chlorophyll B (Chl-B); Carotenoids (Cx+c: xanthophylls and carotenes); Total Chlorophyll (TChl: Chl-A +

Chl-B); Chl-A/B (A/B); Total Chlorophyll/Carotenoids (TChI/Cx+c); Phaeophytinization quotient (Pga)
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Figure 2 The symptoms of RRSV-infected cultivar TN1 leaves

(A) healthy TN1 rice leaf, (B-C) primary vein swelling on leaf sheaths (19 to 22 DAI), (D-F) development of vein-swelling, white
and pale yellow, light brown, and to dark brown about 1 mm. to over 10 cm. long, 0.2 to 1 mm. wide and protrude from 0.1
to 1 mm. on the outer surface of the leaf blades and leaf sheaths (26 to 35 DAI), (G-H) twisted leaves, and (I-L) ragged leaves,

respectively. (Source: Photographed by researchers under a stereo microscope)
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FaUs g 9 vesduile (disseminated infection) Inganansansaanuiiuldiredeandar uavansadntuld
Tunnszegmanigivlnvesiuin ssuuviedidedufindiruddyluninndoudiiowasuninszanseynialiad
auysal (virion) wazeyniAvunadniilaifiausiiliianisinde (non-infectious) Tafusyniadsoufivmman
a19MusNIsuveslIsa (subviral particle) TUgaduse 9 vasily Walinszurumssenaiaduldegnadn (slow
process) wardndunisiadeudeilasyu (systemic moverent) Tngldfiianuszana 2 Falusdewad (Vuorinen
et al, 2011) mandeudghifariuszuidodeviedndsadurnarudusalunszuaunsyngnuadainguiuulu
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avauliudy ldanunsafvzuudninaludedising q vesfivld Fwhnisidsuhmamaituinazauliugudauts
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