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AaLEa Pepper yellow leaf curl Thailand virus Tunsn (Capsicum annuum L.)
Combining Ability Analysis for Yield and Resistance to Pepper yellow leaf curl Thailand virus

in Chilli Pepper (Capsicum annuum L.)
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ANUNANER LATAINNAIUNIUGE PepYLCTHV ”Luw?nqnmau%ajuﬁ 1 AU 13 ANANANNLNUNITHANULIL test cross
WreuWeuiuiugreud 14 aeiug uariugeeuueFauiiay 1 a1eWug (KM-P13001-4) 919UAUNITAADILLIL
Randomized Complete Block Design (RCBD) %11 3 1 582 5 Fu AN ARBIWLIFTWINAUTUAINA HANANAINNTD
Tunns99usa (GCA) 1R9HANARNER meamﬁmﬁqqq%mﬁfa 170.43 WaY 54.84 MINANAL A1USLANTHUZNITNA
Tanluvinndes suguafiflen GCA miigaeugindewed 7 whiu -1.54 ludiusesgnuaumudn duan
KM-P13052-10-2 x 9853-123, KM-P13052-8-2 x 9853-123, aiaaaiiidia 80 x 9853-123 Laz PP0537-7504 x 9853-123
fananudsuileneudludneniznanangeiigaia %MP Wi 148.98%, 257.96%, 46.56% WAy 68.63%
WAz %HP Wil 140.60%, 239.47%, 23.08% WAL 45.76% AINAAL @ﬂﬁﬂiﬁrﬁ]ﬂmqnmmu%\i 13 ANANLAAIBINTT
gaunasialsn seiuteagllddndufirmuanaufumuselsalurinmassiniduuuiudes uenarmiunwdn
AnduTaieiLes 7 x 9853-123 Hsvdunafinlsasiigaie 3.3 uaslilefifudpumsuilenawimiiqaie -28.57
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Abstract

The pepper yellow leaf curl Thailand virus (PepYLCTHYV) is one of economic importance as it has a negative
impact on chili pepper production. The use of chilli pepper resistance to PepYLCTHV is a sustainability strategy for
controlling the disease. Therefore, the objective of this experiment was to study about the combining ability of
pepper varieties with regard to yield and resistance to PepYLCTHV. Thirteen F hybrids testcrosses were obtained by
testcross mating design, and they were compared with 14 parental lines and a susceptibility check (KM-P13001-4).
The study was of randomized complete block design (RCBD) with three replications and five plants per replication.
The results showed that the Khaekdam varieties had the highest general combining ability (GCA) value for
fresh yield characteristics and dry yield at 170.43 and 54.84, respectively. For the GCA value of pepper yellow leaf

curl virus disease, the Huareua-7 variety showed the lowest value at -1.54, which was suitable for development of
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a tolerant variety. Four F,-hybrids, KM-P13052-10-2 x 9853-123, KM-P13052-8-2 x 9853-123, Yodsonkem 80 x 9853-
123 and PP0537-7504 x 9853-123 showed the highest heterosis values in fresh yield base on %MP as 148.98%,
257.96%, 46.56% and 68.63%, respectively. %HP were 140.60%, 239.47%, 23.08% and 45.76% respectively.
However, all 13 hybrids showed susceptibility to the disease, so it was concluded that resistance to chili pepper
disease was controlled by a recessive gene. In addition, the Huareua-7 x 9853-123 hybrid showed the lowest
disease level score of 3.3, and the lowest percentage heterosis of -28.57. The results suggest that this hybrid is

suitable for the development of chilli pepper varieties that are resistant to the PepYLCTHV virus.
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e Pepper yellow leaf curl virus (PepYLCV) f%”mLﬂul,%'aif;é”mﬁﬁmmdﬂﬁmmqmmgﬁﬂummﬁmw?ﬂ
Tuaadeuuarieuty Inaenslutlssmaneninn Bwde Au 1hAsou Geeuny Budu wazilsznelne
(Chiemsombat et al., 2018) Fesananafiuuamiann (Bemisia tabaci) {unvziinlsn TneAnudusiusaaadelofady
wnaswmziunuulafarsaslusounas (persistent) L%@%ﬁ%?am'aq'sl,uﬁwmLmeﬁ'maiﬁ”ﬂizmm 35-40 4 vl
gnsnsnnnsarnwlls 2 %anju (Ghanim et al., 1998: Ghanim and Czosnek, 2000) asnnlennsanisilasiuwaznndn
ﬁqﬁumiﬂ%”uﬂgqﬁuﬁw?ﬂ’l,ﬁ’ﬁmmwfi@L%@ PepYLCTHV Adnanfiunuamiidndyitedaaudlasiomnisuanndnld
ati9lEi anees Ui ﬁﬂwmxmmﬁmmuﬁi'ﬂL%@ﬁgﬂmu ANAEEUAR LAY 1-2 UM (Rai et al.,
2014) %u@gﬁm%@ﬁu’qmiuﬁmmu L%@if;é”@ memﬁmmiﬂgm%ﬂ (Kumar et al., 2009) TaeuAasFU TR UL
m"ﬂL%ﬂqué”msluufmmﬁfaﬂumaﬁuﬁﬁLmefmrTu (Wasnsed goe, 2560) WAaIANANUNUAe leA s luvRniuaea
wusenuluwin 2 atlidhe wWinnau Casicum annuum L. laln 9852-123 (Barchenger et al., 2019), BG-3821
(Anaya-Lopez et al., 2003), Perennial HDV, PSP-11, KR-B/NP-46-A az PBC 145 (fy10iAn WAIGBALND, 2561) kAL
NANNIN C. chinense (GKC-29 BS-35 waz EC-497636) (Kumar et al., 2006) N130N8NanannsemnNsiunuselsn
Tofaluinmasanudnlunsngnuas IPBC12 x UNIB C GTS1 gnasuAslasfiunatasuiie enswanestiuuuy
NaL9N (additive) S1A (dominant) LLmﬂaﬁuﬁuﬁ’iwdwﬁmmur:murm (additive x additive interaction) uwag
lunguilszansues IPBC10 x IPBC14 gnasupnlaatiuaes 2 Auniladansnanesduluudnsnauuuuonayas
(additive action) 8141/ (dominant) LL@tﬂﬁﬁuﬁuﬁ%deﬁuLﬁu (dominance x dominance interaction) kana i
ANHENUNLLULA AL ANANT AN DI NTTNENBANIIRUGNITH LALAVEN AT EUTILANFNGT (Ganefianti et al., 2015)
F‘?ﬁ\iﬁﬂﬁmiﬂi*uﬂg‘qﬁuﬁw?ﬂﬁﬁumﬁurﬁi@‘iimiﬁm@u%amﬂLL@xﬁmmmwwmmm&ﬁuﬁﬂﬁmfviml,mg‘ﬁuﬁ

miﬂ%uﬂgqﬁuﬁ:w?nﬁtimmuq'\iLﬁumiﬁmmﬁuﬁﬁmﬁ'um@mﬁm LLmﬂmmwmw?ﬂﬁlﬁLﬂuﬁﬁmmﬂmﬁﬁiﬂﬂ
wazmaA AN IR uIRgWEns U uselsa Tnaennzlsalafaluninaesasdenalininiugnisdndounan
gouueselsaianann  enlaaluvinmdeainanidelaiansd  Geminiviridae W'Llﬂﬁﬁ‘LLWT'ﬁ‘::LIWm@ﬂ%‘iﬁ:uLLTﬂu‘ﬁuﬁ
wadeuuarferdumailszmdlne Tneianizlugguas ynildsude seussraziundnazrin Winanamdamnegaia
80-100 lafifus (Jamsari and Pedri, 2013) 3olasaluned Geminiviridae Lﬂm\iHﬁﬁﬂummlumummmmﬁﬂim
Tuiganesiin Tmﬂﬁmﬁmﬂ@imﬂu 4 4na (genus) A8 Matrevirus, Curtovirus, Begomovirus W8y Topocuvirus ﬁv\‘]ﬁ
delfaluana Begomovirus usmslumsiialinlaialuinmaedlufitvaiziin (Chatchawankanphanich and
Maxwell, 2002) Tagianizialuned Solanaceae 1w Win uvide uvdema fuelis wasimoedune udu aqiu
31897 TUNTIELN mml,%@"lfﬁaslum@ Begomovirus Tuwin anuau 3 aU34 laun Pepper leaf curl virus (PepLCV),
Pepper yellow leaf curl virus Kanchanaburi virus (PepYLCKaV) way Pepper yellow leaf curl Thailand virus
(PepYLCTHV) (Kenyon et al., 2014) Teplasaluvininansanunsnunsszunaldacnasaniialag i UL AR
(Bemisia tabaci Genn.) ﬁqﬁﬂﬁ‘imﬁmmqmﬁﬂqw@uummﬁunﬂﬂ Kumar et al. (2006) HANMIAINANLNIY
T luvdnumanalunsn Mzﬁ/\i@ﬁﬂﬂﬁ‘iﬂQﬂL%@ﬁQﬂa%ﬂﬁiLaﬂUﬂﬂﬂ (grafting) {luan 50 44 WU WInaHa GKC-29,
BS-35 WAy EC-497636 VLaJﬁmma‘mm%%@ﬂmﬂguuﬁmﬁi‘ﬁmmfmm Firdaus et al. (2011) 1évinnsAnLaanWugnen
r?’f'mmuﬁi'auumw%’n@i”]mu 4 mmﬁuﬁj (C. annuum, C. frutescens, C. chinense Wwag C. baccatum) WU
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Wanailn C. annuum §nansndnumIuReuNawnennld LarSmuANdNALEN IR LA IRTNANTUET AN
189 cuticle va3ludnday NwAnENAy Punjab Agricultural University ﬁﬂi:mﬂ%mﬁaié’ﬁwmaﬁwm@wﬁuﬁ
winsinumusielaa 11 Wug BS-35, GKC-29, Bhut Jolokia, Lankamura, Collection, C00309, C00304, NMCA-40008,
IC-383072, Perennial, BG-11, Lorai Az Punjab Lal (Rai et al., 2014) fnrmmﬁféa“ﬂmiLLmm@@nmmﬁummqﬂmu%’m
alddszwdng C. annuum x C. chinense WLSRINEIUNILAPNIADNTBIANEHTULFTUNIY © BAULE ’Lwﬁ”q;'u F, w31
Tnanalnaausunulunwiniug BG-3821 mw’ﬁmmumamv (reactive oxygen species, ROS) wazanT salicylic
acid wﬂumﬂuﬂ@u phenolic compound st\lmmu waaiﬂﬂﬁ?mu PR proteln gauly pathogenesis related proteins
(PRs) aaﬂmLwaﬁmﬂﬂﬂmmmmmmﬂ u@nmnuummmwmmﬂﬁuwLmeqnuLL@qumimw PR1, PR5 uay
PR gene sLuwmmﬁwuqmumu BG-3821 (Garcia and Rivera-Bustamante, 2011) muumquumimummmu
duRugAIuNIUse PepYLCTHY dngwinriugnisdnaesing Taun winsenau winauan windEe uwasninui
uWazANEIANAINNTNLUNNITINGD LAZNNTUARNEENTBNEUANUNNUGE PepYLCTHV wazaf1agulszansningesing
WRgusunusalsalafalurnumaes

38n15ANEN

maasegnuandaguii 1

pandInsEndewInRugus Wughaauau 4 ngu Idun 1) winsenau 1 aevug Ae senawdu 80 2) NgNNIN
Up 7 @ﬁﬂﬁuf Af wanen, KM-P13052-4, KM-P13052-7, KM-P13052-8-1, KM-P13052-8-2, KM-P13052-10-1 L&y
KM-P13052-10-2 3) W3nwinise 3 aneiug e WalFaiuas 7 aEeiuas 12 uaz PPO537-7504 uag 4) 3T 2 anenug
Aa PP0437-7510 uaz PP9955-15 mauavan 13 aneiug ﬂuwmwuﬁwwmumummm Pepper yellow leaf curl
Thailand virus (PepYLCTHV) A 9853-123 Tnglfunun1 suauiuy test cross with tester WQNRANNINAIUIL 13 ANAN
gnnagausouniuiugueud 14 aeWug Tnsuiatlgnnaasy 2 91unAaeIAe 1) N1IUYNNARBLIANIIDUZNIINEN
PRIANEUTHANAALATRNALIENaUNANRS UgnnasenTunszanauaza e uilaana1euda (open field) waz 2) AN
Fhumusieida PepYLCTHY Ugnnagevlulsefeusfandnelugauds usifeunaiau 2562 fa ineusuanan 2562
o utlaanems Anuzmalulagniainemns antumalulatinszaauinddannumuIsaI ANzl
N5URNNARAUANTTOUZNITIINAIVDIANHUSNARRALAZDIALITZNALNANAR

UgnuanaIuIy 13 ArandgnnasaunananiazesAlsenauNanansaNiuRugnaus AU I
27 ﬁﬁﬂﬁuﬁ: ANUNIINAABNLLL Randomized Complete Blocked Design (RCBD) 71 3 %’1 %’mx 5 F TneiNaanng
ﬂzgmmiz@,m“m:mﬁqﬁ idunineny 35 Ju wndhatgnlunszoauin 12 of lidanUgnuanganzniin uzniiodu
Auludny wavilamen dnndan 1:1: 2 1 mauanAy Ugnunapsreyiingssnd s 50x50 LEURLNAT LAZYNNIZaIN
ﬁmi@mﬁ*ﬂmﬁqﬁ ”lm'ﬂmmﬁu 16-16-16 €M7 5 Nfu/Nsz0d FNfuieAandnsn 10 NIN/NITAS Whbgaadnsuas
1 pe uazWilogmns 15-0-0 sonriuile 18-46-0 uay 0-0-60 6,91 5 niu/NIzV/AUA W TudaeszaznisaseyFnis
nas dauluszazeannanuavinua liilagns 15-0-0 sauruile 18-46-0 waz 0-0-60 6m91 10 nf/Nszav/Alad
ymsiaussmdnelduended 1 uasiiaua/mended 1-3 eanuaniuiieananansua 3 AR
NMENARAUANTTAULMITINFATRIRN B A UNUARLTD PepYLCTHY

e PepYLCTHV ildfummueyamzianniesfimnslasafituazuuaiiilarina-rg. wmaneds
WNEATANGARAT INYUURNTNILEAU mLﬁuﬂ?‘mmhﬁuﬂﬁﬁw?nﬁuﬁ’@"awm (Wugeenau) 818 30 TUURIANNIZNAN
Sruau 300 M Teeldusaavisadianenide m\amnﬂ@m‘ﬁ@ 14 Fu mndssdiuuazinidenduinaelasa
mﬂmﬂﬂﬂmiﬁﬂmﬂmﬂgimvmm@mmmn psIAdELITe PepYLCTHV anduwiniidmidenfaeieaamangluiana
(molecular marker) Tmﬂ@ﬁ@im@mmmmm% (specific primer) [Fl'E]L‘ﬁ@VLfJ?@ AR PAL1v1978B 5’'GCATCTGCAGGCC
CACATBGTYTTHCCNGT-3’ ey PAR1c715H 5-GATTTCTGCAGTTDATRTTHTCRTCCATCCA-3' (Tsai et al., 2011)
feazlfunL DNA aunmtlszunns 1500 giua Lﬁuﬁuw?ﬂﬁ‘lﬁ’m@Lﬂumﬂﬁi@ﬂﬁﬁ?mqﬂTGﬁWfsﬁLmLm (polymerase chain
reaction, PCR) WAelifluuvisede (source of inoculum) zﬁ’ﬂm‘“uﬂ@uﬂé@iu%um@uﬁiﬂiﬂ

ﬂfmm?ﬂuﬁuﬂﬁqw?ﬂzﬁ’w?uﬁ@mﬂL’%ﬂ PepYLCTHV TattiuSaniniiugiau wusanuandaiui 1 wugseuue
(KM-P13001-4) wazWugaIuniu (9853-123) T T aeRug N1LgNNARBLANTIIULNITIINFAITBNAN I
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fesunarainszansmaduriugunge 2 s laelddaglgnidssneudaeiuluiug gaueniin uaznzninogy
Wijueealiuldngns 13-13-13 edundminenyld 45 Su awihninlgnidie PepYLCTHV adludundndaeianng
ReEIUean TneldwugnaaauLiu root stock warlds inoculum L%@i’l%i‘i.lﬂ?ﬂLMﬁ'ﬂﬂLﬂlé scion (Kumar et al., 2006)
MMIUHUNIMARBIULLL RCBD S1uat 3 91 $hay 5 #u Uszifiunafinlsavaadaueen 28, 35, 42, 49, 56 Uuaz 63 4u
‘EmﬂﬁmLLuummguLLiwmmﬁ?Lﬁm‘Em%\mmm 6 5ot An 0 = suilnd, 1 = Henisluvdn 0-5% waziduluwin,
2 = fernsluvin 6-25% luvnunnay uarluBnugasenniswiaes, 3 = fennnslusiin 26-50% luvdn uas
lumdeafieuialy, 4 = Senslusin 51-75% w@uluvdn luwaesicly uasluGuiiennisuaszunsu uay 5 = fems
Tuvinannndy 75% duliein lumdesisly luuaszunsy uazrazinninaseyiAuln AmuAan1saee The World
Vegetable Center (Worldveg) (Figure 1) wA21NAN score NM9NAlIANIATUIATTNNTRATIA (disease index, %DI)
Ineldgms %Disease index = X(NixVi) NxV x 100 e Ni = s uanduiiLanannaialsaluLsazsLAL, Vi = sz
naialen (0,1, 2, 3, 4198 5), V = szAunnaiinlsngegn uaz N = Sruaudu e T madey Lﬁfﬂﬁﬂﬂizqéfﬂwmz
ANANUILIRIWIN i araneugpe s luRNIMARINEN

Figure 1 Pepper yellow leaf curl Thailand virus (PepYLCTHV) scores at seedling stage, 0: highly resistant (HR);
1: resistant (R); 2: moderate resistant (MR); 3: moderate susceptible (MS); 4: susceptible (S) and 5: highly
susceptible (HS).

nstudindays

ﬁuﬁﬂﬂmmwm@mﬁmmnmﬂﬁmﬁ'mm%ﬁ 2 Tnequiiuuansnanuon 5 nasesi uaziuinAIundnuens
(WIURLNAT) AMNENIIRNNA (LIUFLNET) LAzt HAE AR aNA (n5N) YA afURERaNERAIUIY 3 A% T
Suaunaredy Tnuintagasesy (nFa) ez sy Tmﬂfi:uLﬁ'umamﬁm%@mmﬁ@ﬁﬁmmmqﬂ 1 T4 3
0351 Faeszeia LIt 1 Ay
nsAATIZRd YA

3LmﬁzﬁmmLL‘iJa‘ﬂmummnnﬁnwmx‘ﬁﬁﬁmiﬁﬂmmmmummm@umu RCBD wituifieuriadnlnga
Least Significant Difference (LSD) soglilsunssidiaszineadngnidagy statistic version 8 31AsziANALALTES
@mﬂmm%ﬁ 1 (heterosis) 2 WUL A Lﬂ?‘ﬁULﬁﬂuﬁuﬁ’]maﬂmmﬁuﬁ:ﬂ@LLQJ (mid parent) ez RueuRUA e A0
ﬁuﬁw'w?‘mmﬁﬁnfh (high parent) WazALATEAINENNN3lUNTs39NdaRl (general combining ability, GCA)

ANNLNUATUAN WL test cross with tester ANATNNIUD U lune wegsen (2557)
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NANNINARBINLINGNHAN 13 ANAN LL@:W’W@W@LLaJﬁmmLLﬁmsmrTu‘lummaﬁﬁixﬁumwﬁ@ﬁu 99%
Sl,umﬂﬁﬂ‘j:rmx‘ﬁﬁﬂm THun HANARER HANAMWTY ANuauHaded Lmtnassena tnnuiidana mnandnea
UAZANEININA Tmﬂ‘wmﬂumuwuﬁwaLLuwmwuﬁLmﬂm@m@ﬂluﬂ@uwmwmﬂmnwmwm@mmmmmumwm An
301.98 NFuABML Lummnmmmmmumﬂum Thinvinansana tnuinaausi ANNFN9HA LATANENIHAYINTL
2.89 NN 1.22 N3H 0.85 WIWRALNAT UAY 7.25 IUALNAT ANAIAU ANEUNANARLTIAa NI WENR UG Faluas 7
sl,ﬁma;qﬁzgmﬁ@ 68.81 NSUAAFI Lﬁmmnﬁ'é“mm'quﬁmﬂfﬂamr;i@uﬁaé’mmﬂ'quﬁwﬁmﬁ@ 2.6 : 1 wazlunsniuggnuas
WUIANAN KM-P13052-7 x 9853-123 ﬁfé“mmmuﬁﬁmﬁa 3.1: (Table 1) BNLﬂu‘wuﬁ‘wmmwaummumwammq
ﬂﬂwmvmmummmuwmﬂwanwuﬁﬂ@mumu 80 ”meuf;um@mnmm AR 218 m@mmu usifiesanniinsanatengn
Aol inuanaasesusndEnALA Tnemdnsesaudy 80 Tunuingasens tinuisiona ANNAEa
ANNENING WML 0.78 NFU 0.24 NSN 0.48 WIURLNAT WA 7.00 [WURLNAT ATNAIAL @nmmﬁiﬁ’m@mammﬁmﬁa
ANANLINAT x 9853-123 WnanAnan 351.71 niNsesiu WATNAKARLIAY 104 NINsasiu mmvmum"%tﬂuwumm
LW@Wmmwuﬁ@ﬂmuﬂwmmmm

Table 1 Means of 8 characters evaluated in 14 parents and 13 hybrids of 13 x 1 cross in chili pepper (Capsicum

annuum L.).
Fruit
Genotype Fresh yield Dry yield Number of Ration of Fresh weight Dry weight Fruit width  Fruit length
(9/pt) (9/pt) fruits per plant fresh/dry weight (gffruit) (g/fruit) (cm) (cm)

9853-123 46.31% 12.39" 88.33" 3.7:1 0.53 0.43™ 0.44" 2.07"
Kaekdum 301.98 68.12° 105.22" 44:1 2.87° 1.22° 0.85° 7.25°
Huareua-7 180.09% 68.82° 162.55%" 2611 1.13" 1.30% 0.66°° 6.87°
Huareua-12 145.33%" 46.83' 75.34% 3.1:1 1.92° 1.44% 0.58™ 7.01°
Yodsonkem 80 169.02° 54.61° 216.89°" 3.1:1 0.78% 0.24" 0.48™ 7.00°
KM-P13052-4 114.67" 32.23" 131.22" 36:1 0.90" 0.87" 0.57" 5.56"°
KM-P13052-7 82.18™ 21.19 71.22" 3.9:1 1.15" 0.91° 0.47" 473
KM-P13052-8-1 70.87% 22.26' 68.89" 3.2:1 1.03" 0.93° 0.43" 454"
KM-P13052-8-2 53.33% 11.11" 39.83" 48:1 1.41° 0.57%% 0.53"" 3.20"
KM-P13052-10-1 146.40%" 49.83° 192.17°° 2.9:1 0.76" 0.55™ 0.31" 418"
KM-P13052-10-2 43.19° 10.30" 40.11"™ 42:1 1.08" 0.78°" 0.51™ 4,48
PP0537-7504 254.43° 55.11¢ 208.39°" 46:1 1.22"" 0.59%% 0.60” 5.77%
PP9955-15 276.63™ 50.28° 37.78" 55:1 7.44° 1.54° 1.45° 9.27°
PP0437-7510 72.35"° 12.52" 16.00" 5.8:1 461° 1.82° 1.05° 11.84°
Kaeldum x 9853-123 351.71° 104.02° 260.33° 3.4:1 1.35%° 0.34" 0.69” 5.09%
Huareua-7 x 9853-123 149.83%" 45.37° 161.45" 33:1 0.98" 0.73% 0.65"" 418"
Huareua-12 x 9853-123 265.49° 76.81° 239.94 35:1 1.11"7 0.79°° 0.63" 5.337"
Yodsonkem 80 x 9853-123 308.26° 67.445° 322.00° 46:1 0.96" 0.45™ 0.42" 4.66™
KM-P13052-4 x 9853-123 116.54" 33.59 189.56° 35:1 0.60" 0.36“" 0.48™ 3.33"
KM-P13052-7 x 9853-123 141.10% 46.06' 203.22"" 3.1:1 0.69" 0.47" 0.54%™ 454"
KM-P13052-8-1 x 9853-123 151.88%" 43,52 231.89”° 35:1 0.67" 0.45™ 0.49™ 357"
KM-P13052-8-2 x 9853-123 134.07™ 42.06" 227.22°° 3.2:1 0.60" 0.54" 0.49™ 375"
KM-P13052-10-1 x 9853-123 101.33" 31.62% 133.78" 3.2:1 0.76" 0.65" 0.45<" 3.95™
KM-P13052-10-2 x 9853-123 111.42¢ 30.42" 150.11" 3.7:1 0.74™ 0.59%% 0.44" 362"
PP0537-7504 x 9853-123 184.16% 46.74' 161.45" 3.9:1 1.16" 0.86" 0.60” 425"
PP9955-15 x 9853-123 197.29° 38.19 105.45" 5.2:1 1.87% 1.15° 0.81% 7.33°
PP0437-7510 x 9853-123 143.61%" 33.56' 105.33" 43:1 1.32°° 0.77% 0.71% 6.17°°
Fotest o o o o o o o
CV (%) 9.81 2.93 13.24 20.04 15.41 11.19 12.22

** Significant at 0.01 probability levels.
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AuanidiefifuiauRisumilanaus (neterosis) ludnuniznanAnangifigaiadnan KM-P13052-10-2
X 9853-123 %MP (148.98%) WAy %HP (140.60%) ANHOUCHANAAWINAAU WATATUIUNARDAW WLINANAN
KM-P13052-8-2 x 9853-123 mﬂmuﬁummmm A NANRARILIN (%MP; 257.96% WaT %HP; 239.47%) LAZATUIUNARAML
(%MP; 254.59% WAz %HP; 157.24%) @ﬂwmzuwuﬂ@m/m@wmﬁwmwuﬁﬁammumu 80 x 9853-123 mﬂmmummwm
(%MP; 46.56% WAy %HP; 23.08%) uﬁﬂuﬂLLWi/N@ﬂﬂ PP0537-7504 x 9853-123 (%MP; 68.63% way %HP; 45.76%)
ﬁ’]’]i\lﬂ’al’mﬂ\lﬂﬁ@ KM-P13052-8-2 x 9853-123 (%MP; 42.31% way %HP; 17.19%) LL@ﬁﬂQ’]Mﬂﬂ'}N@ﬁ'ﬂ KM-P13052-8-2
X 9853-123 (%MP; 23.53% uaz %HP; 8.62%) (Table 2) d@miun1ammeipanuulsliuaesanuaiunmlunig
muﬁaﬁ”fﬂﬂ (GCA) wudwnansuzdauuanseiuluneaia Wuﬁluiﬁﬁm'mmmimsl,umimuﬁfsﬁ"fﬂﬂluﬁnwmw
NANARAALAY m@m@mmq An ‘wuﬁmmm A1 GCA 170.43 uaz 54.84 AMUAAL AMUIUKARDFU AD Wugaanatd 80
fiAn GCA 130.90 Yviinansana tweinuiasiena ANLNANIHA LAYAIINENIEA B Wug PP9955-15 HA1 GCA
0.88, 0.53, 0.24 LAz 2.69 FINAIAL (Table 3) mﬂmiﬂﬂwmnwmvm@m@mLL@‘vmmﬂiWﬂammmmmmwmwwummnm
Wugeenawdn 80 uaz PP9955-15 HAT GCA TUANHIUZNANRAAN WATHANARLAIGS wuﬁwm GCA Lﬂumnm
NLL‘LA’JI‘LAJﬂM@ﬂN@NWﬂ@ﬂLﬂu‘ﬂ%ﬁW@“ﬂﬂ\m’]i‘Lm@Q‘ﬂ’ﬂﬂﬂﬂ\‘lﬂul,lﬂ_lu NaLAN (additive gene action) Fednmnisugnseantiy
mu@anmnwm‘vmmwwmﬂLmu@ﬂwmwuu 7 wazNITRAAIeaNTeNEuAINaNENaINsntenandnuz il diugnla
mmnmau@mmmmrafanm@mm‘vmmmmwuﬁmﬂmquiﬂwmwﬂuwuﬁ@nmaumimﬂmmm@mmmﬂﬂim (Sprague
and Tatum, 1942)
aussnuvmssqummmanumvmumumL"}i@ PepYLCTHV

HanssifiuAc LA Ui nse e PepYLCTHV wmﬂmwmmﬂmafﬂ@mmfm,ﬂmwwmn 28 du
ﬁuﬁ‘:t,uiLmemummgummmmsmmemLm 0.3-3.0 wuﬁqumumu‘hmmeam‘umm@mmmmmam‘[m 0.6
WATQNNANLAANTZALANNTULINTEINT9TATIA 0.7-2.3 1wnmw1‘7iﬁuﬁ"a'fauufmmmwvﬁumnmmuwmmilﬁmim 1.7
(Table 4) mmmmmmim@mmiimm‘wiﬂwummLmvanmmJm@ummﬂwuﬁmiymmmmmm (32AU 5) Aeft 49 A1
ummnﬂ@m"nfﬂ aniuiuginFalues 7 uasiuggnuan vigeiuas 7 x 9853-123 fiffaugaspnudunusielsa uas
WARANTEALAYINTULINTRINTNATIAWINAL 4.2 UaT 3.3 MINATAL (Table 4)

nMsAziANLLsIuIedAl GCA 1eanaialsaluninmaeswin Wuﬁu;iﬁﬁm GCA 183n3inAlA
Iuvlnwdeawsnaie Wugifdeies 7 flF1 GCA -1.5385 (Table 3) WudiiiiAn GCA mviseRmaviualiinlsgnueas
AEumusiannfalsaluinimaedld (YA uas@anuia, 2561) A1 GCA i'f;:uﬁ”uﬂ"]Laéﬁﬁumizmumw?wmmm
nafialsanugndaudniusiulunisuen (imsnnd 49e uazqTan wasaAiaies, 2557) FUANNHANNNA AR
wuienauniniugE Tt Sewes 7 vldldgnuaniiflszsuniafinlsamuasililefifusnonumisiu
wilevawlsde %HP miiga (Table 2) dadursniuiindeies 7 Anhaznduiugiddnanwlunsduwiugi
Lﬁ@t@mw?ﬂﬁuﬁ:zgﬂmawﬁ’humu‘hmlw?ﬂmﬁmvﬁﬂ zi’ma?uw?ﬂﬁwmﬁﬁﬁmmmmummﬁmmuwudﬁﬁuﬁ: 9853-123
Fiminnlng WorldVeg. uaziizaiues 7 '17;Lﬂuﬁuﬁ’ﬁuﬁmﬁmmﬁmmumimm WATEINLNNINITAEAITBRUG
‘wLmmmma‘muwmmﬂimmiﬂwmmuu@m@‘lﬁmmn UATWLGNNAN 1iniTaLLas 7 x 9853-123 W‘]_Iﬂ"l?ﬂﬁ‘o,‘ﬂ’mﬁ]'m@\‘i
wuﬁ‘mLmmmmimumum@‘immmmu 1 Fiu mmmﬂmmmummmwuﬁwaLqummmumum@Tiﬂ davinns
ﬂqﬂm@hmﬂmammﬂLﬁmvl,ﬂmmemmmumumaim @mq”l,iﬂmmymu”lmq@mwwumumﬁmﬂuu@mim
LA A LIAUAN Ewﬁm‘u@ummﬁmmumimiw?ﬂmﬁmw‘%mﬂmmuﬁuﬁ@ﬂ (recessive gene) (Kumar et al., 2009)
u@mﬁﬂﬁuﬁuﬁmwm‘l}miﬁmhﬁﬂmﬁmﬁqﬁi’mmudﬁqnmmmé’wﬁwmaﬁu (polygenic genes) (Ganefianti
et al., 2015) UAvABNBWAUDIEY additive, dominant WAz additive x additive interaction wazlunguilszainsues
IPBC10 x IPBC14 gnAauAuint two recessive genes
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Table 2 Estimates of heterosis of parents of 13 hybrids for yield, yield components and PepYLCTHV disease.
Fresh yield Dry yield Number of fruits Fresh weight Dry weight Fruit width Fruit length PepYLCTHV
F, hybrids (9/pt) (g/pt) per plant (g/fruit) (g/fruit) (cm) (cm) 63 DAI
%MP %HP %MP %HP %MP %HP %MP %HP %MP %HP % MP %HP %MP %HP %MP %HP

Kaeldum x 9853-123 101.96 16.47 158.40 52.70 169.01 147.41 -20.59 -52.96 -68.79 -72.13 9.23 -29.79 6.98 -18.82 7.53 0.00
Huareua-7 x 9853-123 32.36 -16.80 11.74 -34.07 28.71 -0.68 18.07 -13.27 -15.61 -43.85 20.98 -13.64 18.18 -1.52 -29.41 -28.57
Huareua-12 x 9853-123 177.07 82.68 159.41 64.02 193.20 171.64 -9.39 -42.19 -15.51 -45.14 17.40 -23.97 23.53 8.62 7.53 0.00
Yodsonkem 80 x 9853-123 186.31 82.38 101.34 23.51 111.00 48.46 46.56 23.08 34.33 4.65 2.76 -33.43 -8.70 -12.50 7.53 0.00
KM-P13052-4 x 9853-123 44.79 1.63 50.56 4.22 72.68 44.46 -16.08 -33.33 -44.62 -58.62 -12.71 -40.11 -4.95 -15.79 7.53 0.00
KM-P13052-7 x 9853-123 119.63 71.71 174.33 117.37 154.74 130.07 -17.86 -40.00 -29.85 -48.35 33.53 -4.02 18.68 14.89 7.53 0.00
KM-P13052-8-1 x 9853-123 159.23 114.31 151.20 95.51 194.99 162.53 -14.10 -34.95 -33.82 -51.61 8.02 -21.37 12.64 11.36 7.53 0.00
KM-P13052-8-2 x 9853-123 169.11 151.40 257.96 239.47 254.59 157.24 -38.14 -57.45 8.00 -5.26 42.31 17.19 1.03 -7.55 7.53 0.00
KM-P13052-10-1 x 9853-123 5.16 -30.79 1.64 -36.54 -4.61 -30.38 17.83 0.00 32.65 18.18 26.40 -5.50 20.00 2.27 7.53 0.00
KM-P13052-10-2 x 9853-123 148.98 140.60 168.14 145.52 133.74 69.94 -8.07 -31.48 -2.48 -24.36 10.53 -19.20 -7.37 -13.73 7.53 0.00
PP0537-7504 x 9853-123 22.47 -27.62 38.49 -15.19 8.82 -22.53 32.57 -4.92 68.63 45.76 23.72 -15.94 15.38 0.00 7.53 0.00
PP9955-15 x 9853-123 22.18 -28.68 21.88 -24.05 67.23 19.38 -63.07 -74.87 16.75 -25.32 29.28 -20.93 -14.29 -44.14 7.53 0.00
PP0437-7510 x 9853-123 142.05 98.49 169.45 168.05 101.92 19.25 -48.64 -71.37 -31.56 -57.69 -11.29 -47.89 -4.70 -32.38 7.53 0.00

DAl = days after inoculation (grafting).
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Table 3 Estimates of general combining ability (GCA) of 14 parents for yield, yield components and PepYLCTHV disease.

) Fresh yield Dry yield Number of fruits Fresh weight Dry weight Fruit width Fruit length PepYLCTHV
Parental fines (g/pt) (g/pt) per plant (g/fruit) (g/fruit) (cm) (cm) 63 DAI
Kaekdum 170.43" 54.83" 69.24™ 0.36 029" 0.12" 0.44" 0.13"
Huareua-7 -31.46" 381" -37.10" -0.01™ 0.10° 0.08" 046 154
Huareua-12 84.21" 27.63" 48.85" 0.12" 0.16 0.06 069 0.13"
Yodsonkem 80 126.97" 1827 130.90° -0.03 -0.18" 015 0.02" 0.13"
KM-P13052-4 -64.75" -15.60" -1.54" -0.37 027 -0.09 132" 0.13"
KM-P13052-7 -40.18" 3.13 12.12" -0.30" 016" -0.03" -0.10" 0.13"
KM-P13052-8-1 -29.40™ 5.67 40.79" -0.32° 017" -0.08 -1.07 0.13"
KM-P13052-8-2 -47.21" 712" 36.12" -0.39 -0.08" -0.08" 089 0.13"
KM-P13052-10-1 -79.95™ 1757 -57.32" 023 0.02" 012 069 0.13"
KM-P13052-10-2 -69.87" -18.77" -40.99" 025 0.04" 012" -1.02 0.13"
PP0537-7504 2.88" 245 -29.65™ 0.16 0.23" 0.03" 0.20° 0.13"
PP9955-15 16.01" -10.99" -85.65™ 0.88" 053" 0.24" 269 0.13"
PP0437-7510 -37.67" -15.62" -85.76™ 0.37" 0.14" 0.14" 152" 0.13"

DAl = days after inoculation (grafting).
ns and *, ** non-significant and significant at 0.05 and 0.01 probability levels, respectively.
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Table 4 Pepper yellow leaf curl Thailand virus (PepYLCTHV) disease reactions of 14 parents and 13 hybrids at

28, 35, 42, 49, 56 and 63 days after inoculation by grafting method.

47

Disease severity + SD

Genotype
28 DAI 35 DAI 42 DAI 49 DAI 56 DAI 63 DAI

9853-123 (RC) 0.640.5"¢ 1.741.5° 2.241.0° 4.3+1.2% 4.3+1.2% 4.3+1.2%
Kaekdum 0.6+1.0”¢ 4.7+0.6% 5.0+0° 5.0+0° 5.0+0° 5.0+0°
Huareua-7 0.4%0.5% 2.9+1.3%° 4.241.4% 4.241.4% 4.241.4% 4.241.4%°
Huareua-12 0.5+0.4™¢ 4.540.6"° 4.840.3° 5.0+0° 5.0+0° 5.0+0°
Yodsonkem 80 0.3+0.3° 4.1£0.5"¢ 4.740.3° 5.0+0° 5.0+0° 5.0+0°
KM-P13001-4 (SC) 1.7+1.2%¢ 4.341.0%° 4.740.6° 5.0+0° 5.0+0° 5.0+0°
KM-P13052-4 1.141.4"¢ 5.00° 5.00° 5.040° 5.00° 5.040°
KM-P13052-7 0.3+0.6% 3.142.0°° 4.3+1.2% 5.00° 5.00° 5.040°
KM-P13052-8-1 1.4+1.4%° 4.440.5%° 5.0+0° 5.0+0° 5.0+0° 5.0+0°
KM-P13052-8-2 2.0+1.7%¢ 4.340.6"° 4.740.3° 5.0+0° 5.0+0° 5.0+0°
KM-P13052-10-1 1.9+2.0%° 4.8+0.4° 5.0+0° 5.0+0° 5.0+0° 5.0+0°
KM-P13052-10-2 0.640.5¢ 3.741.27¢ 4.8+0.4° 5.00° 5.00° 5.00°
PP0537-7504 0.840.5¢ 4.7+0.5% 4.9+0.2° 5.040° 5.0+0° 5.0+0°
PP9955-15 3.0+1.2° 5.0+0° 5.0+0° 5.0+0° 5.0+0° 5.0+0°
PP0437-7510 1.60.7%¢ 3.940.67° 4.8+0.3° 5.040° 5.0+0° 5.0+0°
Kaeldum x 9853-123 2.1%0.8%° 4.9+0.2° 5.0+0° 5.0+0° 5.0+0° 5.0+0°
Huareua-7 x 9853-123 0.9+0.8"¢ 2.742.3% 3.3+2.9" 3.3+2.9" 3.3+2.9° 3.3+2.9°
Huareua-12 x 9853-123 1.2¢1.0%¢ 4.7+0.6% 5.040° 5.040° 5.040° 5.040°
Yodsonkem 80 x 9853-123 1.4+1.2%¢ 4.2+0.3° 4,9+0.2° 5.040° 5.040° 5.040°
KM-P13052-4 x 9853-123 0.840.8" 4.9+0.2° 4,9+0.1° 5.040° 5.040° 5.0+0°
KM-P13052-7 x 9853-123 1.7+0.9%¢ 4.4%0.5%° 5.040° 5.040° 5.040° 5.040°
KM-P13052-8-1 x 9853-123 1.241.1%¢ 47+06% 5.040° 5.040° 5.040° 5.040°
KM-P13052-8-2 x 9853-123 0.840.8" 4.8+0.3° 5.040° 5.040° 5.040° 5.040°
KM-P13052-10-1 x 9853-123 0.74¢0.6"¢ 4.1%0.9%¢ 5.040° 5.040° 5.040° 5.040°
KM-P13052-10-2 x 9853-123 1.9+0.5™¢ 4.5+0.2°° 5.040° 5.040° 5.040° 5.040°
PP0537-7504 x 9853-123 2.1£1.3%° 4.8+0.2° 5.040° 5.040° 5.040° 5.040°
PP9955-15 x 9853-123 1.8+0.2*¢ 5.040.° 5.040° 5.040° 5.040° 5.040°
PP0437-7510 x 9853-123 2.30.6° 5.040.° 5.040° 5.040° 5.040° 5.040°
Mean 1.28 4.28 472 4.89 4.89 4.89
Fotost o o o o o o

SD = standard deviation.

DAl = days after inoculation (grafting).

RC = resistant check, SC = susceptible check.

** Significant at 0.01 probability levels.
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