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AdAny: lsAuwaulnIalug, UGAIUVIY dausIausMITINdITily; aussousn1sTIuduane

ABSTRACT: Anthracnose is a major disease causing the world's chili crop losses. Hybrid cultivars resistant to
anthracnose are currently in demand in the chili industry. The male sterility method allows for the efficient
production of hybrid seed. This study aimed to assess the general combining ability (GCA) and specific combining
ability (SCA) of resistance against anthracnose caused by Colletotrichum capsic (C. truncatum) i and Colletotrichum
gloeosporioides (C. siamense) in chili hybrids and their parents. Nine hybrids were evaluated for anthracnose
susceptibility compared with their parents using a randomized complete block design (RCBD) with 3 replications
and 15 plants per replication. Fifteen fruits at the mature green stage and fifteen fruits at the mature red stage
were harvested per entry and inoculated with spore suspensions of C. capsici (C. truncatum) and C. gloeosporioides
(C. siamense) using the microinjection method. The results showed that the parental lines with high GCA values for
yield and low or negative GCA values for disease severity were the female lines (B-lines) MS25 and the male lines
(C-lines) AT1-15 and AT3-15. These lines are considered suitable parents for the development of hybrids with high
anthracnose resistance and good yield performance. Furthermore, these three parental lines produced hybrid
combinations with high SCA values for yield and low SCA values for disease severity, namely UBB/AT3-15,
MS25/AT5-12, and MS25/AT1-15, which exhibited strong potential for both high yield and anthracnose resistance.
Keywords: anthracnose; resistance cultivar; general combining ability; specific combining ability
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Table 1 Fifteen chili cultivars evaluated for resistance to anthracnose disease caused by Colletotrichum capsici

(C. truncatum) and C. gloeosporioides (C. siamense) at green and red fruit stages during November 2023 April

2024

No Code Status Pedigree name Resistance source

1 MS16 Female parent (B-line) ~ AVPP9907 The World Vegetable Center
2 MS25 Female parent (B-line) ~ PP33-6-15-5-9 Chiang Mai University

3 UBB Female parent (B-line) ~ UBU035-(1)-7-3-5-13-7 Ubon Ratchathani University
qa AT1-15 Male parent (C-line) Yodson Keam 80 x BC,F,398x80 C; (1) 8/14, 2/17-21-2-3-1-1-1  Khon Kaen University

5 AT3-15 Male parent (C-line) IR*4/PBC932 (0038-9155-5-1) Khon Kaen University

6  AT5-12 Male parent (C-line) Yodson Keam 80 x BC,F4398x80 Cs (1) 8/14, 2/17-21-1-1-1 Khon Kaen University

7 MS16 / AT1-15 Fy Hybrid Khon Kaen University

8  MS16/ AT3-15 F; Hybrid Khon Kaen University

9  MS16 /AT5-12  Fy Hybrid Khon Kaen University

10 MS25/ AT1-15  F; Hybrid Khon Kaen University

11 MS25/ AT3-15 F; Hybrid Khon Kaen University

12 MS25/ AT5-12  F; Hybrid Khon Kaen University

13 UBB/AT1-15 Fy Hybrid Khon Kaen University

14 UBB/AT3-15 F1 Hybrid Khon Kaen University

15 UBB/ AT5-12 Fy Hybrid Khon Kaen University
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UANINYIFUUDULNU ﬁ?ﬂ?iLLEJﬂL%@@’T’JEJLVIﬂﬁﬂ single spore isolation %uiﬁﬁaﬁu%@wéﬁm%}a C. capsici (C. truncatum) wag
C. gloeosporioides (C. siamense) iAtsuUUaWN3gAT Potato dextrose agar (PDA) Usliigumndid 25 °C nendsadoidy
nan 7-14 Yu mnduiusnualesmeldndesanssmiameslesealasiumad (Hemacytometer) wagUsuaadadu
YasaUafivhiy 5x10° aves/ua. (4a3e uazaniy, 2564) nnsUgnioluninsresnaler (g 35 Tundinenuiu) wazssey
NaLAs (919 45 Fundsnonui) iesnndnynanetusiituveasaduninngunieatu ﬁawéﬂ%ﬁwﬁﬂﬁqjﬁmqqﬂudﬁ
arawedu fdunislisuautudunasihliamsaduimaninluwiasiusiganuanuimeassinelndidestuann
fign luosfoRnishmsgnidleaninglse feislulasduandu (microinjection) Inevhanuazeafianindae Tnidesle
Tunaelsyt 10% 9ntudndeasmuunaniny3unns 2 pl lussosnaden uavssosnauns Manalunaomanadniddaduih
ndulaondedasfiosnmariulioglusedu 80-90% Unilguugiives 7 Su 1wununsvaassuuugyluufonauysal
(randomized complete block design ; RCBD) 31u7u 3 F1 919 5 KA TSTENATE) WaTSTENALAS
nsuszliuAUTULTIvaslsn

ﬂiSLﬁUﬂ’JWZLIEULLNGUBQﬂﬂiLﬁﬂiiﬂﬁﬁﬂﬂ’mﬂqm‘ﬁya C. capsici (C. truncatum) way C. gloeosporioides
(C. siamense) asuunawinidunat 7 Ju Tnstaftuflunafifuermsvessandamsdgnide warfafufinavominitaun
Mndurhnsmuueiifuianuuussetsn Taglgnsimumesiduisuusmodlsn uasUssfiuszduausuninis

Winlsa (Table 2) (M85WS wazAuy, 2565)

P2
& A

NuUNvBILNaTIALSA

Wasiiuinuguusedlse (disease severity) = 7 ——— %100
NUNVBINANINYNNUA




KHON KAEN AGRICULTURE JOURNAL 54 (1): 203-214 (2026)./d0i:10.14456/kaj.2026.xx. 207

Table 2 Anthracnose disease severity scores, resistance levels and symptom description in chili fruits

Score  Disease reaction Symptom description
0 Highly resistant (HR) 0 No infection
1 Resistant (R) 0.1-5 % of fruit area shows necrotic lesion or a larger water-

soaked lesion surrounding the infection site

3 Moderately resistant (MR) 5.1-15% of the fruit area shows necrotic, acervuli may be
present, or water-soaked lesion up to 5% of the fruit surface

5 Moderately susceptible (MS) 15.1-25% of the fruit area shows necrotic lesion, acervuli present,
or water-soaked lesion up to 25% of the fruit surface

7 Susceptible (S) 25.1-50% of the fruit area shows necrotic lesion with acervuli

9 Highly susceptible (HS) >50% of the fruit area shows necrosis, lesion often encircling

the fruit, abundant acervuli

Source: adapted from Wiefing WazAny, 2565
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Table 3 Mean performance of yield, disease severity, and disease reaction for Colletotrichum capsici (C. truncatum)

and C. gloeosporioides (C. siamense) in six parental lines and nine F; hybrids

C. capsici (C. truncatum) C. gloeosporioides (C. siamense)

No. Parents Yield (g/plant) Disease severity (%) Y Disease reaction Disease severity (%) Disease reaction
Green Red Green Red Green Red Green Red
mature mature mature mature mature mature mature mature

Female 1 MS16 489.7+6.0 13.1 +0.5 14.7+0.5¥ MR MR 15.1+£0.7 13.9+0.6 MS MR
2 MS25 303.9+13.9 14.0+1.5 13.6x1.1 MR MR 16.1+£0.7 13.0+0.6 MR MR

3 UBB 249.6+7.8 13.2+0.7 15.4+1.1 MR MS 16.1+1.4 12.2+0.8 MS MR

Male 4  AT1-15 222.2+7.4 0.0+0.0 0.0+0.0 HR HR 0.0+£0.0 0.0+0.0 HR HR
5 AT3-15 2355+176.2 0.0+0.0 0.0+0.0 HR HR 0.0+0.0 6.7£5.5 HR MR

6 AT5-12 250.7+4.00 0.5+0.8 1.2+2.0 R R 0.0+0.0 0.6+0.4 HR R

F, hybrid 7 MS16 / AT1-15 372.5+£0.0 12.6+1.2 11.2+1.4 MR MR 18.8+5.5 9.7+1.4 MS MR
8 MS16 / AT3-15 374.2+0.0 22.2+6.1 12.0+4.4 S MR 17.6+£5.3 1.6+2.8 MS R

9 MS16 / AT5-12 328.9+39.0 13.9+1.8 14.2+0.4 MR MR 20.4+1.7 13.0+0.8 MS MR

10 MS25/ AT1-15 432.2+53.1 27.1+4.7 0.6+1.0 MS R 18.8+2.0 0.0+0.0 MS HR

11 MS25/ AT3-15 389+53.06 21.5+4.5 0.0+0.0 MS HR 22.2+9.1 0.0+0.0 MS HR

12 MS25/ AT5-12 399.1+31.3 27.5+7.8 0.2+0.3 S R 19.7£7.2 2.2+2.4 MS R

13 UBB/AT1-15 355.8+69.5 15.2+0.9 10.4+0.9 MR MR 17.21+£2.7 11.6+2.2 MS MR

14 UBB/ AT3-15 433.0+84.3 23.1+0.2 12.9+5.0 MS MR 17.6+2.5 14.9+1.0 MS MR

15 UBB/ AT5-12 327.8+58.2 15.9+4.3 14.0+1.5 MR MR 17.8+2.3 14.4+0.7 MS MR

Y Four levels of disease reaction are Highly resistant (HR) Resistant (R) Moderately resistant (MR) and Moderately susceptible (MS)

% SD; standard deviation
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AusIAUZN1STUEalU (General Combining Ability; GCA)

NnmsAEnwInUImeiugusl MS25 fidnenmlunisaeneadnuuziumulsalaguansan GCA fidoutnasi uag
fnautasaide Colletotrichum capsici (C. truncatum) wag C. gloeosporioides (C. siamense) s?fuf]ummmm
Tsauouunsalua Inglusvosnaifonay svznauns a1estug MS25 A1 GCA Wiy -6.8 uay -8.1 MuEIFU TS uAng
Tiufsnnuanansalunsanenendnuwazdumuldd uenandnuazesifudniuuussedlsanuds aneviug Ms25
uansen GCA Tudunandniigannds 27.60 niu/du Gsazviouiudumeiusudfiquanifmnsauiludunudum
Tsn wazdnonmnslinandn Jamnzdmsuihluldlunsaiagruaniifdgaam definrsanludiuvesaneiugyie wui
aneiiug AT1-15 [Hudnuilaneiugiifiauautaa neden GCA suasfnauludnvasodidudausunsedsadode ¢
capsici waz C. gloeosporioides (C. siamense) Inglussuznaliens A1 GCA a%;iﬁ' 1.6 uaz 0.6 uazlusvoznaunsanadae -
1.0 waw -0.4 Fadlidiuin AT1-15 fuwldulumscheneafusnunmilusiugnldfisuiy Snvdsmeiugrodiddnenmd
AT3-15 Gauanaen GCA Aeudnwiuasfinavludnuugiodidudausuussedlsaiede C. capsici (€. truncatum) wag
C. gloeosporioides (C. siamense) luszbznauns Inefiawity -0.1 uay -2.0 dwsuidoraowaldd fedumeiugodd
Audnuasilesduianuguusodsasi uasisedumuiumudeifegudutn uazmsldsumsiarsanlumsliduiug
wiioifieasagnuauiifaruausalumsdiuniugs (Table 4) wanisTnssitaenadosfuauissves siude (2564) 4
eI aeudusiniefiien GCA awdeRnauludnuarasifudirnusuussedsaaziivmnliilignuanidanusumiy
Tsnge Fadundnnisdduesnsimuniuginienuddu wudertunansinyives Anfdnd wasany (2564) ey
Imsidenaneususifitien GCA slushueuguussvestsa wasiien GCA gelushunande Wunumeiifiussansamgsly
nsafgnuauiianuanaseiauiunuasAnsnwnslinandn uenandnmsiienesiaussaugnssuavialy
(GCA) wazaussaugn1sTInduanie (SCA) ludnuazanudumulsausuunsalua lnsnisidoniususneiiien GCA
wanzasazteliannsnaigriauiifauniwidluiuaraiumusssnendsldesnsdusyaninm (vsnsal wargben,
2557) Bnanmnudumulselundniidnunsianizauaeiug uazuanasiululuusagsnsszesnsitaungemansn g9
wandlidiuimstenendnuusdumutueg fuBunasaiinuuinetiulussiassves Gamsatunanishiesesian GCA Tu
nsRnwdifinu aeiugine uansen GCA usnssfululuusiasdsvesnsiuae mawanmIngnuawiifaufumy
Tsrueuunsalua niounaddlinandniigs annsaanaudssnnsislsafivluanmulamdaninldossdiussdnsnm

(Saengarun et al., 2025)

Table 4 Assessment of general combining ability (GCA) impacts for the parents on yield and anthracnose disease

severity in six parental lines

C. capsici (C. truncatum) C. gloeosporioides (C. siamense)

No. Parents Yield Green mature Red mature Green mature Red mature
GCA GCA GCA GCA GCA
Female 1  MS16 206" 3.7 4.1 0.0 0.6
2 MS25 276 55 8.1 1.3 6.8
3  UBB 7.0 -1.9 4.1 -1.4° 6.2°
Male 4 AT1-15 7.7 -1.6 -1.17 0.6 0.4
5  AT3-15 19.6 2.4 0.1 0.2 2.0
6  AT5-12 273 0.8 1.1 0.40 2.4

Y GCA; general combining ability
* significant differences at the 95% (p < 0.05)
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AUTIAULNITIINAUANE (Specific combining ability : SCA)

P

NMITUATIFANTINULNTTIANANFIINARALT 9 FNAw Wugnua 3 Akaw Taussournamudiamzia fo
ANas UBB/AT3-15, MS25/AT5-12 uay MS25/AT1-15 wansSCAluSnwasvasnandn 41.3, 19.6 way 17.8 3niia uansdn
SCA LUa%ﬁjuﬁmmjuLstaﬂiﬂﬁau%’NﬁWiaL‘%@ C. capsici (C. truncatum) fiszesnauad fio 0.5, 1.2 way 1.4 Augsu
Sitauanan SCA Wesduimansuusseslsareudnsiserde C. sloeosporioides (C. siamense) luszsgnauns Ao 3.3, -
0.4 uag 0.9 MR (Table 5) MNNIANIAWITATATMUNFULUUMTUAAIANUI UMW NHANT I A VAL TS
wsioléidu 2 ndu Aenquit 1 gnuauiidumusielsaueuusaluaiildnmanauiuanaeiuguinefiduniuiis a1
MS16/AT1-15 , MS16/AT5-12 , UBB/AT1-15 uay UBB/AT3-15 Tumia%ﬁa@ﬂmauﬁﬁmmmséfaﬂ%maﬁ’uﬁ:l,mdaﬁﬁmm
drumusiag iilelildgnuasiifiaruiun Tusasfingud 2 wugnuaniidunusedousuunsaluasinaddd uasuans
m’m@fmmﬂumaix&qummﬁmixEjz 9717 MS16/AT3-15, MS25/AT1-15, MS25/AT3-15, MS25/AT5-12 Way UBB/AT5-12
Fadunguitanansalivieusiffianuiumuunsdnuasvidounszesrandn widsaslignuanifinauaudRunulugiioy
e luneaest] wuildnnnswaudnusswisaneiususiseusesuaeiuseduniuiinisuansnudumuynans
fiug uAn1suansn N uilanseanntuinuanznzasiunIade wasuesrerdnuivinty deaenadastiy
nsAnIves Mahasuk et al. (2009) wazsAduananiimuiBumuauenuduymlsaueuunsalualuniniinmsuansesnd
langzanualidusadelsnuay szaranunvesnandn (Fo¥ani uagans, 2565) sgndlsfoulinuguaniisouneiia Wo
2 uay 2 swezietonniiesmndumuguaseuiuugnAUANFEuegYnUART e ity Asvegiaideadiuniu
gneUANFEEY Col Wi Cod warfissaznaunimunuieiiu Co2 wip Cos Suunaaderugnssuunanninitug PBCO32
uazatug PBCBO (Mahasuk et al,, 2009) BnitaBuitvinnthiimuauiivanss Ssuansmnufumuanznizasiuuaie uay
UesEezNanin FevihuFATonsmiuenalidundn uazBusesiadumisnniumuunsuanseenvase i unulsaLou

= =

wnsalua (@3an, 2557) Yaduwmanlasviouliiiiuinnisanenendnuazanusunluninldldtued fuduiissdades uws
Juwaunannisieusiuduvesuvansyn wenaindar SCA aunsaliilunamiddglunisuszidiudnenmussaneiugul
WonltlunsuSuusaiugninlifianudumuselsauouunsalua nsifengrauiial SCA aludiuauguusavedlsn 9y
tediulonalunisiignuauianudumugduisssosnaloiuas seognawas Fanansahluldlunsiawaeiugning
e 1mdaniselaegnaflusednsnin (Mahasuk et al,, 2009; Park et al,, 2018; Than et al., 2008) WBNIIAUNUIN AT
i o tg | o & v o v & 11 _da v A )
angnenanwuzaunulialuganuandniudesordearsiuduaineniiniud1uniy lied1enonanyuzaAI1Y

sunuliduanlaeg1aiuss@nanan (Paril et al, 2024)

Y

Table 5 Estimates of specific combining ability (SCA) effects of hybrid on yield and anthracnose disease

severity in C. capsici (C. truncatum) and C. gloeosporioides (C. siamense)

C. capsici (C. truncatum) C. gloeosporioides (C. siamense)
Green Red Green Red

No Hybrid SCA Yield
mature mature mature mature

SCA SCA SCA SCA

1 MS16/AT1-15 6.3 2.1 0.3 0.5 2.0

2 MS 16/ AT3-15 -3.9 3.6 -0.37 1.6 4.5

3 MS16/AT5-12 2.4 -1.6 0.7 1.1 2.5

4 MS25/AT1-15 17.8 33 14 0.8 0.4

5  MS 25/ AT3-15 374 6.1 0.2 1.7 13
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Table 5 Estimates of specific combining ability (SCA) effects of hybrid on yield and anthracnose disease

severity in C. capsici (C. truncatum) and C. gloeosporioides (C. siamense)

C. capsici (C. truncatum) C. gloeosporioides (C. siamense)
Green Red Green Red

No Hybrid SCA Yield
mature mature mature mature

SCA SCA SCA SCA

6  MS25/AT5-12 19.6 3.9 -1.2 -0.9 -0.9

7 UBB / AT1-15 240" -1.3 -1.1 0.3 -1.6

8  UBB/AT3-15 41.3" 2.6 0.6 -0.1 3.3

9 UBB / AT5-12 -17.2 -1.4 0.5 -0.2 -1.6

YSCA; specific combining ability.
*significant differences at the 95% (p < 0.05)

Usziliuanunaumilanaual (Heterosis)

nmsUszifiuediudanufisuniiewsus (Heterosis) vasananiia 9 guam nugnans1u 4 guasiidaam
Frumugalnssuundu 3 nguded nduil 1 auaufidumusiolsaueuunsaluafifnandons 2 alTdsdu HR fiszesa
UL 2 AnaufD MS25/AT1-15 uay MS25/AT3-15 fumusielsnuauunseluaiiinannide C capsici (C. truncatum)
TuszAu HR wansAIMid-parent -91.1 tag -100.0% AIUAIRU WazA Better-parent -95.6 Way -100.00% muanau Tuveg
i 2 guaunansauiumusslsaLeuwnsAluaTiAnaNie C gloeosporioides (C. siamense) Tussu HR Tnguanae
Mid-parent -100.00% WazwaniA1 Better-parent -100.00% s 2 AN ﬂajm?i 2 frumusielsaueuunsaluaiiinanide ¢
capsici (C. truncatum) fiszezraund fisesiu HR 1wy 1 ANANAD MS25/AT5-12 UaneAn Mid-parent -97.5% Wazuande
Better-parent -98.5% uaﬂmﬂ‘ﬁgﬂmemm&'mmuﬁidiﬂLLauLmiﬂIUﬂﬁLﬁﬂmﬂ C. gloeosporioides (C. siamense) Tu
526U R InguanAlaniA1 Mid-parent -67.1% uaglansan Better-parent -81.60% LLamq'uﬁ' 3 ANaN MS16/AT3-15
Fumuselsaueuunsaluaiiinan C capsici (C. truncatum) fiszeznaunshusesu R Tnsuanis Mid-parent 63.3% wax
LAAIA" Better-parent -18.3% (Table 6) WansilwugiidanisiAnlsamazuanian Heterosis snudofinau deduualiuly
qﬂmamﬁﬁmmﬁmmuﬁﬁiﬂLLauLLmﬂIuaanﬂ (Sangarun et al., 2023) gnuaunIndANUAAUmTawnelumuTLI LAz
dwinuafifiutuededitudfry nsfmdenaeiuswaniidumuleuumsaluaanguugnIsLTIiaInviany wudignuai

Ipfiauanunsalunisinumunaninaeiudiiuegdniau (ieing uazane, 2565)

Table 6 Estimates of heterosis of nine hybrids disease severity in C. capsici (C. truncatum) and C.

gloeosporioides (C. siamense)

C. capsici (C. truncatum) C. gloeosporioides (C. siamense)

Heterosis (%)

Parents Status Green Red Green Red
mature mature mature mature
MP! BP? MP BP MP BP MP BP
MS16 / AT1-15 F, Hybrid 66.2 -16.9 52.1 -24.00 148.6 243 40.0 -30.0
MS16 / AT3-15 Fy Hybrid 193.9 a6.7 63.3 -18.3 132.3 16.1 -84.2 -88.3

MS16 / AT5-12 F1 Hybrid 82.9 -8.5 79.1 -3.5 169.8 34.9 9.7 -6.2
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Table 6 Estimates of heterosis of nine hybrids disease severity in C. capsici (C. truncatum) and C.

gloeosporioides (C. siamense)

C. capsici (C. truncatum) C. gloeosporioides (C. siamense)

Heterosis (%)

Parents Status Green Red Green Red
mature mature mature mature

MP? BP? MP BP MP BP MP BP
MS25 / AT1-15 Fy Hybrid 236.5 68.2 -91.1 -95.6 133.7 16.9 -100.0 -100.0
MS25 / AT3-15 F1 Hybrid 167.1 335 -100.0 -100.0 175.0 37.6 -100.0 -100.0
MS25 / AT5-12 Fy Hybrid 241.8 70.9 -97.5 -98.7 144.6 22.3 -67.1 -81.6
UBB / AT1-15 F1 Hybrid 88.5 -5.8 34.7 -32.6 114.0 7.0 90.5 -4.7
UBB / AT3-15 Fy Hybrid 186.5 43.2 67.9 -16.1 119.1 9.6 57.8 22.3
UBB / AT5-12 F1 Hybrid 97.1 -1.4 70.0 -8.7 121.2 10.58 1253 18.3

L MP: % Mid-parent heterosis

2 BP: % Better-parent heterosis

dsu

9

NMIUsTLliuANUTULSINSAnlsakas aussaugnIsdmmivludnuvaganumunulsavesaeiuduinauay

gnuantizui 1 aneldniswaniuy North Carolina Mating Design Il #saneiugwanagangiugusiiiauunnaiaiuy wui

Ao

wWInaneRuguinenfiauausalun1sTndaluAkasifnen nawuludnvaugauinuniu Ao aesiudud (B-line) s
GCA adludnunizrandn uaziinn GCA amsefinauludnvusivasiduinnuguusivadlsn lauwn MS25 uaganeiugne (C-

line) NiFn GCA adludnuaenandn uaziie1 GCA svsefnauludnuugilesiiudaruguuswedse Iaunaeiug AT1-15

[

way AT3-15 dau Visaneiuguaduaznoninaniumnzdmsuldiduaeiuguineda Tunisaiaoiuganunauifinnudumu

Ao A
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NITeildudrumilsvedlasinsideilasunuatuayuanyuaanyu wazduasunisvidnednus (neldlassnis

WondnITelvd wnninerdeveunnu Useddeuuseanu 2566) aueyIdeveveunmumInerdededdui wasuing1dy

'
a a a v o
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q 9
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