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Phylogenetic Characterization of Fusarium oxysporum f.sp. cubense Complex

Causing Banana Wilt Disease in Thailand
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ABSTRACT

Fusarium wilt in bananas, caused by the soil-borne fungus Fusarium oxysporumf. sp. cubense
(Foo), colonizes the vascular system, leading to severe wilting and plant death. This disease poses a
critical threat to global banana production. In Thailand, Foc race 1 has long been present, whereas
Foc tropical race 4 (TR4)—a devastating emerging pathogen affecting Cavendish bananas—has been
detected through surveillance activities. Due to reports of Fusarium-like wilt symptoms of uncertain
etiology, accurate identification is essential for establishing effective disease control measures. This
research aimed to identify the species of Fusarium collected from symptomatic bananas across major
cultivation areas in Thailand and also the Fusarium isolates collected from a pest control area, where
eradication measures were implemented and which are currently no longer present in Thailand. The
isolates of Fusarium have been preserved at the Department of Agriculture, which serves as the
National Plant Protection Organization (NPPO) of Thailand under the International Plant Protection
Convention (IPPC). The methodology involved fungal isolation, DNA extraction, PCR amplification, and
nucleotide sequencing of the tef1 and rpb2 gene regions. The phylogenetic analyses were conducted
for species identification. The results revealed significant genetic diversity among Foc race 1 isolates

in Thailand, identifying them as F. tardichlamydosporum, F. duoseptatum, and F. grosmichelii.
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Additionally, F. kalimantanense was identified
within the non-race group. Notably, the isolates
from Cavendish bananas were identified as
F. odoratissimum (syn. TR4), a pathogen currently
classified as "not present" in Thailand. This study
concludes that these species are phylogenetically
closely related. Accurate identification within
these species complexes requires molecular
diagnostics to ensure precise differentiation

and biosecurity management.

Keywords: species complex; Fusarium oxysporum

f. sp. cubense; taxonomy
UNANED
Tsan1ens18luna 18N ALY 857
Fusarium oxysporum f. sp. cubense (Foc) & 4
YAgNBAA 89 VI AUNAIULA 8ILASANY

<

JudeSreussienisugnnaneriilan ludsemelne

=

dy d 4

L8317 Foc race 1 fissu1nunukdd Tuvmuei
\W031 Foc tropical race 4 (TR4) Fa.udngiiy
FousQURMNlUNAI8AIUATLALATIANUIIN

v & o & ,
n13s15ETNYeRINSAEIINW O Fusarium
ngddansrveianuidn Sududesduunaile
o dl

Tgnaes i muauInsn1snmegaulunis

v
Ay aAAaAy

muaulsa 11ATelRingUszasd iedwunvila
10ulia31 Foc Ainulundredsuaniannisiien
NnunasUgniidfayuesdanineig q Taelideya
uagTimamstaluiana snsaaeuiinves
Fo91 Fusarium fiasnulundasaiiudsain
WwamuANAngiadsldidumuauidadngiie
warilagtuliusngludssmalve Wngldiidos
uAuFnwlifnsudnnisineasd v

DIANTDITNVINVLMITIR (NPPO) vosUseneing

[

melaouduiosnuneseninauseme (IPPC)

q A%

'
[ a

Yranuenide afa uaziiuuSunas DNA fum
tefl way rpb2 AeimAila PCR ALATIZRAIAU
fnalelnd wazeudutusidalTaunisie
TuUn¥in WUl Foc race 1 Tudszinalned
AUNAINNAIBNNNUTNTTN @11150Tun e
Ju tardichlamydosporum F. duoseptatum
wag F. grosmichelii uanaini & anulung
non-race A8 F. kalimantanense IWEJL%aiﬂmﬂ
NABANIUATY A F. odoratissimum (syn. TR4)
Fetagtudermilniifaneivmngluuszmalne
Fosmnuiiafinnuduiusidaitannisitlnddn
Funn n1sszyviaduunvialungui iy
species complex fiadlimsiladessiuviasuf UAms

medayatiluanaintielunisiing

AN Uzy: wiagutow; Fusarium oxysporum f.

sp. cubense; BUNTLITIY

UNUI

ndredund dlunaldi ddyvedan
(Ploetz, 2015) ﬁ'ﬁwﬂqﬂmﬁ 148 Usgine
Tnsamzluanioudu duunamandnoang
patnlanlut w.eA. 2565 191 19.2 d1ufY wazdl
warndiua UM (FAO, 2022a) Jayvndn Sy
AsENURBNISHARNAealan Ae N1553UIATEN
15An8Ws18 (Fusarium wilt %938 Panama disease)
mmslmmgﬁyaiw Fusarium oxysporum f. sp.
cubense W.C. Snyder & H.N. Hansen (Foc) Wos
Aana1308 luNa uvBs F. oxysporum species
complex (Michielse and Rep, 2009; O’Donnell
et al,, 2009) ANIDIHYLAU F1UITOLUINIANY
wagAeANAAMUE I 8RaNYINFANAIY (Musa)

(Stover and Buddenhagen, 1986; Stover and

Thai Agricultural Research Journal Vol. 44 No. 1 January - April 2026 3



Simmonds, 1987; Ploetz et al, 2015) N15497
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avvihedlelndluguwuulndvia fasta v11n1s
A5I980UANYNA DvBITTAveIRAUNT I
WINISANYINUFIUT DY ANIINUTNTTY LYY
GenBank tag Mycobank U1 contig ¥99816U
fanalolng (consensus sequence Aiufintily
sULUU fasta Tld) indaises (align) melusunsy
MAFFT 6.611 (Katoh and Toh, 2008) 210ty
M329@UNT9ALS89LAEI5 MUSCLE Tuldsunsu
the MEGA (Kumar et al, 2016) 9t ul4TUsunsy
Gblocks (Talavera and Castresana, 2007)
YIN1359UYAT0YAVDIRLD UBALIUL rpb2 uaz
tef1 U1 combined dataset 53U type sequence
19448951 Foc race 114 9 (Table 1) Tadaya
VDIALOULBFAIMNAUL rpb2 Uay tef] Leanonanis

= o & o = &
ITYTUATBINIBYNLYBIN Foc nlalun1s@nenil
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Juiinya alignment Tugduwuuld nexus w3e Uszananauwazinsigviveya ldnaeiuinsgiu
nex TaeladlUusunsy Mesquite TLAS1E% A9 maximum likelihood T4 TUsWN 5L RAXML

ANMUFUNUSLTITRIUINISIANBNNSIRIUN LAY 8.1.15 (Stamatakis, 2014)

Table 1 List of taxa for Fusarium oxysporum f. sp. cubense identification at race level and

specimens included in this study

. Accession . GenBank number
Fusarium Location Host, genotype
number tef1 pb2

F. duoseptatum INACC F835 Indonesia Cavendish LS479764 LS479315
(race 1) INACC F916* Indonesia Musa ABB LS479688 LS479239

INACC F921 Indonesia Musa ABB LS479694 LS479245

INACC F979 Indonesia Musa AAB LS479749 LS479300

M0288 Phetchabun Musa ABB PX512734 na

MO0334 Chanthaburi Musa ABB PX512735 na

M0342 Saraburi Musa ABB PX512738 na

M0436 Chiang Rai Musa ABB pPXx512741 na

Mo0442 Chiang Mai Musa ABB PX512742 na

M0449 Uttaradit Musa ABB PX512745 na

M0452 Uttaradit Musa ABB PX512724 na

MO0880 Nakhon Pathom Musa ABB PX512750 na

M0881 Nakhon Pathom Musa ABB PX512751 na

M0882 Nakhon Pathom Musa ABB PX512752 na

MQ0996 Phitsanulok Musa ABB PX512753 na

MQ997 Phitsanulok Musa ABB PX512754 na

M1182 Khon Kaen Musa ABB PX512757 na

M1183 Khon Kaen Musa ABB PX512758 na

M1258 Uthai Thani Musa ABB PX512768 na

M1260 Phitsanulok Musa ABB PX512769 na
F grosmichelii INACC F833 Indonesia Musa ABB LS479744 LS479295
(race 1) InaCC F855 Indonesia Musa AAA LS479794 LS479346

InaCC F854 Indonesia Musa AAA LS479793 LS479345

InaCC F884 Indonesia Musa AAA LS479824 LS479382

M0337 Loei Musa ABB PX512737 na

M0345 Nong Khai Musa ABB PX512739 na

M0421 Sakon Nakhon Musa ABB PX512740 na

Mo44ar Nong Bua Lamphu Musa ABB PX512743 na

M0456 Chiang Rai Musa ABB pPX512746 na

M0462 Phayao Musa ABB pPx512747 na

M1238 Sukhothai Musa ABB PX512725 na
F. tardichlamydosporum INACC F958 Indonesia Musa AAB LS479729 LS479280
(race 1) M0336 Phitsanulok Musa PX512736 PX512727

M0448 Chiang Mai Musa ABB PX512744 PX512728

M0463 Lamphun Musa PX512748 PX512729

M1256 Uthai Thani Musa ABB PX512766 PX512731
F. tardicrescens NRRL 36113 Malawi Musa LS479665 LS479217
(race 1) NRRL 54005 - Raphanus LSA79674 LS479226

NRRL 54008 - Raphanus LSA479673 LS479225
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Table 1 Cont.

. Accession . GenBank number
Fusarium Location Host, genotype
number tef1 pb2
F. cugenangense INACC F984 Indonesia Musa ABB LS479757 LS479308
(race 2) INACC F983 Indonesia Musa ABB LS479756 LS479307
NRRL 25433 - Gossypium LS479648 LS479202
F. oxysporum f.sp. cubense ~ CAV1788 South Africa Heliconia FJ664919 na
(race 3) Foc807 Brazil Musa AAB KY436227 na
Race 3 China Musa ABB KC889021 na
F. odoratissimum INACC F822 Indonesia AAB, AAA, ABB  LS479828 LS479386
(tropical race 4) VCG 01213 Indonesia - MG211817  na
NRRL 36102 China Cavendish LS479655 LS479209
INACC F927 Indonesia AAB, AAA, ABB  LS479701 LS479252
INACC F936 Indonesia Musa AAA LS479711 LS479262
INACC F931 Indonesia Musa AAB LS479705 LS479256
M0116 Chiang Rai** Cavendish PX512733 PX512726
M0215 Chiang Rai** Cavendish PX512723 na
M0501 Chiang Rai** Cavendish PX512749 PX512730
F. kalimantanense INACC F917 Indonesia Musa AAB LS479690 LS479241
(non-race) INACC F918 Indonesia Musa AAB LS479691 LS479242
INACC F922 Indonesia Musa AAB LS479695 LS479246
M1146 Nakhon Phanom Musa ABB PX512755 na
Mm1147 Nakhon Phanom Musa ABB PX512756 na
F. sangayamense (non-race) INACC F960 Indonesia Musa ABB LS479732 LS479283
F. oxysporum f. sp. batatas ~ NRRL 26360 - - AY527522 na
F. fujikuroi CBS 221.76 - - MN534010 KU604255
F. sacchari LC13681 - - MW580548  MwA474494

na= not available; * The numbers in “bold” are type sequences

** The Department of Agriculture declared the TRd-affected area a pest-controlled zone in 2019, implementing control

and eradication measures

NANISNAABILAZINTA

1. NISAUNLYDST Fusarium
BN ANTUNANWULVDILE DLE DUDIAIAU
P a8 v oo oA ' ~N Y
NAREMYDINYINABNUTIT TANULANGL LABTI

1%
<y a o

anwazvaudaidengniareiuduiniasuis

UNRNaLAIBE19TRLAU SAUDINTAnwuLAUIAa
1 = [ v ) ¥ 1 @

29U nIanuLantasluaidu ag19lsAnny
A4 o W | & A & aa .

W ouFeg 1oLl pUweNLY 8lABA S tissue
transplanting WU11 wila nwazudilald ozl
ANNUBLANFNIYDIA NWUELL 948 DAUIRNAT WU
gagunsanenlal¥esn Fusarium (Figure 1) 158

Tolaian wendu 135 lolsianansegruilaiia

Na18Y 225 f19819 wag 23 lalaanainitowe

NAIWANIUAY 24 Mpe e uunviiniUasnu
A Ny 1dugIuIng1vendosinels
ndoganssAlanasle wazndosganssmiiou

v a

wazdunsilall 09Aua1835 phylogenetic

v o

reconstruction Aedayadinuilindlolndves
gu tefl WU LﬂuL%’eJﬁ F. oxysporum 313U
108 lelowan wazidu Fusarium spp. 8u 9 8n
50 lololan vy F. solani, F. incarnatum,
F. equiseti wag F. fujikuroi (Figure 1A) T awana
THf udnsswunaid v 031 Fusarium &2
anwuenIedugIuIneIfadazaiuTasey
species 19 usingadumsdmunlealusziungulvg

AAAABINUNTIBUVBY O’Donnell et al. (2009)
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51897119148 051 Fusarium usazailaiianay
Fudeulaufuinnin 1 vin aelddaifeniu
(complex species) lagtang F. oxysporum
complex fatiu n1sidaduseAuiosufuinag
ALanEENFNgIUINgT anunsaseylaiiies
J1eglungu complex v8s F. oxysporum GRIR
lanunsanenanuuanasesrialalussauan
2. AruFuRusId S Tauinisveates
F. oxysporum f.sp. cubense

Bdes F. oxysporum fideailnddaiu
Foc 91nn193Las 1910 pedudedoyadii
fardlelnnvesdu tefl (Figure 1A) 40 lolaian

WAAsIgriANuduusIg I Taunisingldya

incarnatum-

equiseti

Phylogram obtained in a
ML search of the tef1

locus. Bootstrap support
(=70%) values from 1000

replicates above nodes.

Toyaainuiinilelnaain tefl-rpb2 loci ves
{031 Foc fifnwiliaseisiuiu type sequence
GUBQL% 951 Foc race A9 9 (Table 1) wuin lolaian
w84 Foc race 1 ansnsaduwunlandu 3 wda laun
F. tardichlamydosporum 5 lelssian F. duoseptatum
16 lolawan wag F. grosmichelii 14 lolsian nqu
non-race WU 1 ¥ A8 F. kalimantanense 2
loloian way Foc TRA Ae F. odoratissimum
3 lolgiam (Figure 2) FawansnwInudn o
Foc race 1 Tuuszwdlnedinnuvainvane lag
Tunquilusenouludention Fusarium aghslios

3 9lA YIdnARBINUNTINBNUNUANLTAINAANY

¥949 Foc race 1 1ay Maryani et al. (2019)

Figure 1 Fusarium spp. were recovered from pseudostem tissues exhibiting diverse pigmentation.

(A) the phylogram obtained in an ML search of the tef1 dataset represents the preliminary

identification of the Fusarium isolates obtained from pseudostem tissues; (B,C,D) the

various coloration observed on the banana pseudostem; (E,F,G) the Fusarium isolates

obtained from the pigmented pseudostem tissues
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Fusarium fujikuroi CBS 221.76
F. socchari LC13681

99 F. oxysporum f.sp. batatas NRRL 26360
/ F. oxysporum fsp. cubense Foc807 Race 3
v 84le oxysporum fsp. cubense Race 3

F. axysporum fsp. cubense CAV1788 Race 3
F. oxysporum fsp. cubense STRA CAV1100 Race 4
F. purpurascens INACC FB86 Race 1
F. purpurascens INACC F966 Race 1
F. oxysporum fsp. cubense STR4 CAV009 Race 4
95 | F. phialophorum INACC F971 Race 1
F. phigiophorum INACC F844 Race 1
29 F. odoratissimum NRRL 36102 Race TR4
97| | F odoratissimum VCG 01213 Race TR4
:;g;:g F. odoratissimum (Tropical raced)
MO0501
F. odoratissimum INACC F822 Race TR4

100 F. kalimantanense INACC F917 Non-Race
M1147
F. knlimantanense INACC F922 Non-Race F. kalimantanense (non race)

F. kalimantanense INACC F918 Non-Race
M1146

— F. sangayamense INACC F960 Non-Race

99|M1257

F. tardichlamydosporum INACC F958 Race 1

mg::g F. tardichlamydosporum (racel)
M1256

MO448

F. duoseptatum INACC F835 Race 1

57 | MOBEO

o4 [JM1258

= MO996

MO288

MOs81

M0452

F. duoseptatum INACC F916 Race 1
migg F. duoseptatum (racel)
Mo8s2

M0o442

M0342

M0334

78| |F duoseptatum INACC F979 Race 1
M1260

mMoa4a

M0997

F. duoseptatum INACC F921 Race 1
M1183

96 ~F. tordicrescens NRRL 54005 Race 1
75 F. tardicrescens NRRL 36113 Race 1
F. tardicrescens NRRL 54008 Race 1

F. cugenongense INACC F383 Race 2
F. cugenangense NRRL 25433 Race 2
F. cugenangense INACC F984 Race 2
F. grosmichelii INACC F854 Race 1

M0o337 F. grosmichelii (race1)

F. grosmichelii INACC FBB4 Race 1
|MOaa7
F. grosmichedii INACC F855 Race 1
MO456
F. grosmichelii INACC FB33 Race 1
— MO345

0.0 M1239

Figure 2 Phylogram obtained from a ML search of the concatenated dataset of the tef1-rpb2 loci.
Bootstrap support (>70%) values from 1000 replicates above nodes; the samples with M

followed by number collected from this study

NnfeteiAvInuMagnnd U furiinveation Fusarium fisuunlddeisnng
tnwazvesilododdundreiinruuaning lag n193alaananuii degradededifideou
iduidnwmmiodedtinanadudusdn durmaang 9 dldviliAnensiiguuseou
afaduihmaduiaieddiu Woiusudiey ylidadonaneidudinanns niothmaud
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wazNeuenlUNUAN WL DINITIAEY WANULNYS
Snuaszveduwdsuisadniiosnuin HANNTDT
ﬂfq' U F. solani complex, F. incarnatum-equiseti
complex, F. fujikuroi complex Smﬁﬁﬂaq' 4 non-race
\WU F. kalimantanense Wagfegnailalbonla
PINAUNAYT LARIBINITLABIDY NTALIU T3
A A o v & a6 v I a &
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F. duoseptatum wag F. grosmichelii §49¢
lunqueed race 1 uag F. odoratissimum (TR4)
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wlasugn eaNaNTanAINaN¥LeINIT N15LAN
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WoaUUAn1sa8dnwaen19dugIuIne,
anunsaseylaiiesdneglunguues £ oxysporum,
F. fujikuroi, F. incarnatum-equiseti %3 F. solani
= & 1 . . I~
gadungu Fusarium species complex 59883 Foc
(O’Donnell et al., 2013) (Figure 1) @edsldanunsn
wenAMULANA19YesTialalussAuanninsyau
Y8INg complex 71l N153wunyialungui
[ . Al % a Ao
\Uu species complex livelvaninsnssysian g
RoditaduseRuiaalfURnMsmedeyatiluana
1 gj = @ v dy
Wity @93giulaa1@es1 Foc race 1 lolgtan
1 % = :j tﬂil 1 1 a = L
A19q lnannisAnwiaseillaildsdafeiiunasy
Hauuaneslusedu species (Figure 2)
HANNSNAABIT19R ULARS ALY BT
Fusarium lunquves race 1 duilanuvainvate
v 6 AY A - Ao 8§ Ya
Yaapug BaniduamelsafivlaeNiinlviie
91n153uks9 wazlulavinliiAnein1sguuss
= U e‘d‘ 1 1 d' U I = 1
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ABSTRACT

Kluai Namwa variety DOA Sukhothail (Sukhothai55-4) has been improved by creating mutations
through tissue culture. The regenerated plants were established in a germplasm collection and
subsequently selected at the Sukhothai Horticultural Research Center for high yield potential. The
selected line exhibits high yield potential, producing no fewer than seven hands per bunch. The fruits
are characterized by firm pulp with white to pale yellow flesh, a sweet taste, and good eating quality,
making this variety suitable for commercial production and consumption. After comparing the plant
lines and testing the varieties at three locations: Sukhothai Horticultural Research Center, Loei
Agricultural Research and Development Center, and Phetchaburi Agricultural Research and
Development Center, which have different geographical conditions and climates. The results showed
that the Kluai Namwa DOA Sukhothail produced the highest yield in all three locations, with an
average bunch weight of 16.1 ke and 9.8 hands per bunch. The fruit is relatively round, with light
cream-colored flesh, a fine-grained, and sweet flesh without sourness. Nutritional analysis of flesh fruit
showed higher vitamin B3 and potassium contents than the Mali Ong. The variety was officially
certified as a recommended variety by the Department of Agriculture on August 15, 2019, under the
name Kluai Namwa variety DOA Sukhothail, for distribution to farmers. Evaluation of farmer and
entrepreneur acceptance indicated the highest level of satisfaction regading yield, income from sales,
production costs, and processing potential. The quality traits including size and weight, fruit shape,
starch content, ripe flesh color, and taste were also highly rated. This variety demonstrated strong
potential for supporting local economic development though both fresh fruit marketing and value

add processing.

Keywords: Kluai Namwa; DOA Sukhothail; varietal improvement; yield; quality
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Table 1 Average yield and yield components

of Kluai Namwa for mother tree and tree clones at

Sukhothai Horticultural Research Center in 2012 — 2014

Mother tree

Tree clones

Weight of No. hand/  Weight of Weight of No. hand/ Weight of

Clone/Variety
bunch bunch hand bunch bunch hand
(kg) (hands) (kg) (kg) (hands) (kg)
Nuan Chan 125e 8 cd 1.20 c 15.2 abc 9.28 bc 1.70
Ubon Ratchathani 18.7 bc 9 bc 1.84 ab 17.9 ab 10.6 a 1.63
Sukhothaid3-1 16.0 cd 8 cd 1.75 ab 14.6 bc 8.33 cd 1.71
Sukhothaid3-2 13.4 de 8 cd 1.60 b 12.6 c 8.33 cd 1.41
Sukhothai55-3 17.6 bc 9 bd 1.80 ab 17.6 ab 10.1 ab 1.53
DOA Sukhothail 24.7 a 11 a 1.96 a 185a 112 a 1.41
Pak Chong50 20.0b 10 ab 1.70 ab 17.4 ab 10.6 a 1.56
Mali Ong 10.1 f 7d 1.23 ¢ 14.7 bc 8.00 d 1.53
CV (%) 9.63 10.6 8.5 11.2 73 15.3

Means within the same column followed by the same letter are not significantly different at the 5% level by DMRT
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Table 2 Average bunch weight (kg) of Kluai Namwa for mother tree and tree clones at Sukhothai

Horticultural Research Center, Loei Agricultural Research and Development Center, and

Phetchaburi Agricultural Research and Development Center between 2015 and 2017

Mother tree

Tree clones

Variety
Sukhothai Loei Phetchaburi Average Sukhothai  Loei  Average
DOA Sukhothail 19.8 a 8.09 183 a 15.4 24.5 8.99 16.7
Phetchaburi 14.4 b 6.81 153 ¢ 12.2 20.6 7.86 14.2
Khiew Loei 14.2b 6.77 17.2 abc 12.7 20.0 791 14.0
Mali Ong 159 b 6.88 16.0 bc 12.9 19.6 8.34 14.5
CV (%) 14.4 13.1 7.5 11.1 17

Means within the same column followed by the same letter are not significantly different at the 5% level by DMRT

Table 3 Number hands per bunch of Kluai Namwa at Sukhothai Horticultural Research Center,

Loei Agricultural Research and Development Center, and Phetchaburi Agricultural

Research and Development Center between 2015 and 2017

Mother tree

Tree clones

Variety
Sukhothai Loei Phetchaburi Average Sukhothai Loei Average
DOA Sukhothail 12 6.54 9 9.18 12.6 8.15 10.4
Phetchaburi 9 592 8 7.64 10.4 7.19 8.80
Khiew Loei 9 5.82 9 7.94 10.8 6.12 8.46
Mali Ong 10 6.19 9 8.40 11.2 7.57 9.39
CV (%) 10.9 6.3 7 8.2 7.9
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Table 4 Average yield and yield components of Kluai Namwa conducted at 7 farmer’s plantations

in 2017-2019
Variety Weight of bunch No. bunch No. hand/bunch Weight of hand
(kg) (hands) (9)
DOA Sukhothail 8.12 7.93 7.93 877
Mali Ong 4.82 5.36 5.36 646
t-test 3.97%* 9.29%* 3.89%% 5.50%*

Note: Averaged from 7 farms: Loei 1 farm; Sukhothai 2 farms, Phetchaburi 3 farms and Kalasin 1 farm;
**=significant at p<0.01

Table 5 Nutritional value of Kluai Namwa variety DOA Sukhothail and Mali Ong

List DOA Sukhothail Mali Ong
Energy (kcal) 361 353
Protein (percentage by dry weight) 2.38 2.3
Ash (percentage by dry weight) 2.33 2.31
Carbohydrate (percentage by dry weight) 87.0 84.8
Vitamin B3 (mg/100 ) 0.006 0.003
Potassium (mg/100 g) 309 279
Magnesium (mg/100 ¢) 375 368
Phosphorus (mg/100 g) 351 331

Figure 1 Fruit characteristics of Kluai Namwa variety DOA Sukhothail
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Table 6 Production income data and processing of banana produce by farmers

Fresh Proportion of Processing Sale price Income Net Income
Sales model weight fresh banana volume (baht/kg) (baht/ (baht/
(kg/rai/year) production (kg/rai/year) rai/year) rai/year)
Freshfrut 4000 ] 0 40,000 22070"
Flat dried banana products, 5:1 800 150 120,000 94,0707
Dred banana Chips
Bananarollproducts ol 800 ... 200 80000 580707
Banana powder products 7:1 570 1,052.63 600,000 402,0704/

Y Average total production costs are 17,930 baht/rai/year

% Average total production costs and processing costs 25,930 baht/rai/year

L
* Average total production costs and processing costs 21,930 baht/rai/year
L

¥ Average total production costs and processing costs 197,930 baht/rai/year
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Comparison of High-yield Industrial Pineapple Lines
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ABSTRACT

The pineapple processing industry used the Pattavia variety as a key raw material. Long
use of this variety for cultivation has led to genetic variation, resulting in decreased yields. This
research aims to compare high-yielding pineapple lines as alternatives to the Pattavia variety.
A comparison trial of six hybrid lines and Pattavia was conducted at Phetchaburi Agricultural
Research and Development Center from October 2017 to September 2020. Results showed that
line PBI49-03-004 has a yield comparable to Pattavia, followed by line PBI49-07-045, which also
has the same yield quality as Pattavia. Moreover, a comparison trial of eleven Pattavia clones and
the Pattavia variety was conducted from October 2017 to September 2020 at Phetchaburi
Agricultural Research and Development Center. The result showed that clones PBIC54-04-252,
PBIC54-05-334, and PBIC54-05-544 had flowering induction exceeding 70% and a fruit/plant ratio
higher than that of Pattavia. However, their yield and quality were comparable to Pattavia. From
the results of two prior experiments, six pineapple lines, PBI49-03-004, PBI49-07-045, PBIC54-01-161,
PBIC54-04-252, PBIC54-05-334, PBIC54-05-544, including Patavia, were selected and tested in
production areas from October 2021 to September 2024 at Phetchaburi Agricultural Research and
Development Center and Fairtrade Pineapple Growers” Group in Prachuap Khiri Khan Province.
Results showed that line PBIC54-04-252 produced an average yield of 11.53 t/rai, which was
30.58% higher than that of Pattavia (8.83 t/rai), with quality equivalent to Pattavia. Therefore, the
PBIC54-04-252 line is suitable as a replacement for the Pattavia variety.

Keywords: pineapple; varietal comparison; processed pineapple
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lpduunnisnaneug smooth cayenne o819ty
30 dnwaNULAE aavined luannngia 20% (Smith
et al,, 2005)
nsudvinisinenstasniun1susulse
wugduuzaalssnuitelflugmanvnssuudsgy

s

Tneuussamdu 2 @ laun 1) nisnauiug
(hybridization) Wag 2) nMsAnLaenaigau (clonal
selection) WugUnnIganuvasndndidgly
drunsnaniugliinnsiiuANuaINTa1eves
na uUseyInslauNany1usEnI1edulssa
nga smooth cayenne laun sug Usenide fAungy
v 1 v 6 = a £ < ]
queen lauA Wugnsadnes wazad loudngu

Qﬂsﬁqﬁ' 1 (Fy) @UUR, 2553) 91 ud w.¢. 2552-

' '
v A o

2558 UgnAmaandulzsng nuaudsn 1 31w
2,987 @ngWug MIULNUAAINUA AD fwieinua
liitioend 0.80 nn. &1 1 90 canning ratio 0.85-1.05
ANANALUAY 1.20 93, @a1unsadndenta
6 anewug (Wadnwazame, 2556n) Tudunis
AndanateRuiugUnn g nuvandnd Ay
Loun 9. mwsus Useaaudsdus vaus seeed wag
awan Iivhmsdnidenaefuniiinagunsenszuen
dmmineg 1315 nn. g nilauddeuasinnnms
eeasy3 uasdadenmanast fe fiwinua
Lidaendn 0.90 nn. AUNINHE 10.0-15.5 @,
AUNT19VBIUAIEHAN DAIIUNT 19VDILAUKE
(canning ratio) 0.85-1.05 A1un 19N uluLAY
2.50 g3, Anuanaliiiy 1 ou. Ugndsdien 2 seu
anunsaAnLaante 11 a1edu (Tadnuazauy,
2556%) TnHaTI 2 dn uUssduaneiug
eSS EUUran (i fnmsines,

2566) lagvinni1silTeudnsuiiugunud T dauay
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WAIINITNYATINGTUS T wa1ewug v
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. YTYS Uag UseaauAstus Litedndenaneiug
dudgsalsanunlvnandngauavdnunin
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wWiguwiwugdannde dmsuiluniadenls

nnsnstdgnnaunuiuglnaiy

aUNIalLAZIzNS

n1sUsziduaewuguuadu 2 Tunau
lawd nsieuieuniugluaudide wagnis
VAHBUNUG IULVAINGS

fa v o a

1. mswWSeuiisunuglugudide anduns

Y

fa o v

FENIN AL.A. 2560-.8. 2563 NAUSIUUATNAIL

Y
¥

mainwmsnsy3 TFuiuga ldanmamnziaes
dewdotiwniin 500 n. Sudusudiieny 13

1.1 n19WTUiBUgNHEN 9UHUNTT
naaoswvugaluudonauysal 3 91 7 ny3uds
lown dudgsagnuanain Sadniuazane (2556n)
Ao enentiug PBIA9-02-027, PBIA9-03-004, PBIA9-07-045,
PBI49-08-071, PBI49-13-005, PBI49-15-010 W&y
fiiugiandaduiuguiouiiou

1.2 maeuiisuanedudulssanug
Unanide Mausunmsnaasauugdluudendauy ol
341 12 N9’ aneduan SaAmuazens (2556%)
loun duzamenedin PBIC54-01-069, PBIC54-01-113,
PBIC54-01-161, PBIC54-01-639, PBIC54-04-220,
PBIC54-04-252, PBIC54-05-310, PBIC54-05-325,
PBIC54-05-334, PBIC54-05-544, PBIC54-05-705 e
fiiugiandaduiuguiouiiou
2. NMINAFIUNUTIUULVAINER

Maununsvnaswuuduluvdenauysal
3 91 7 n33us Ihun dudzsnaneiug/anedy
PBIA9-03-004, PBA9-07-045, PBC54-01-161, PBICS4-04-252,
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PBIC54-05-334, PBIC54-05-544 LazdlugUnniie
WuiugSeudiou 1 gauiuifen duidumssewing
n.A. 2560-n.8. 2567 Tguiidauazinunnsinens
WYTUS 0.9887 2.NYIUS kavlUannunsningy
wisinsn .auie8uen 2.U5eAUATTUS
3. MsUan uazdanisulas

wUasi qud I donagwauinsinns
wvsyFilugaiuungns ieRusoudradunse
sgutieh anmwidunaadeann (pH 4.41) AulsiAa
JUTu1udunsedng 0.39% YSuruneanesa
fidudselovilusedudiunats 15.72 un./nn.
Tuadeniiozaenil 6129 un/nn dnunanmesns
nauusmsnlugafiulsans iunsaguisann
(pH 4.12) TSanauduviseing 1.02% USinaumeanesa
Adulselond 109.17 un/nn. Inunadesiiazane
1inl¢ 11058 un./nn. MHutase apuin 4.5x4.5 11,
Ugniduundn 3 uoag s2uz92ninadu 25 9.
Seruen 50 ssrinumg 100 . fufidiuiien
3x4 31 LIU0TU ke elUad guas nwsnussuy
RS A7 nzaLd W U UUzEn (M nn sines,
2545) uagldlenuanin ey

{affusenaentl 12 ewmdagn sediven
48% wi SL 7 wa. waniudee 5 e 300 N/ 20 &g
weanfuag 60-75 1a. Tugiwian 17 w. usuly
2 k3 vivetu 3 Fu SerrugeiuaniiuAudsanely
druvugavesy duiuaudnasiulag ingai
nfreanvemsan fannuniis-endluiieniign
YU (D-leaf) hardUTIUIUAUBBNABNNAY
JaAunan 60 T

MIAUREINANEATISEFUANEN 25-30%
duf0819 30 naaInFuRvuiinnseIyAla
Fadwiina (bivamn uaslivafg Seuemeg

VA URUANGNAIINA LAZLAUIINYANT NN A

ydnsamnsienentaindudulminug
(fruit/plant ratio = drmiuaamtindurdeunis
Jafumen) AueTINasaLdurugUgnaHe (fruit
length/fruit diameter ratio) nadlanwazidugy
759N58UBN (canning ratio = ANAINNTBIUANY
Ha/A21un7T 19veelAuna) length ratio LT u
9NT1AUTENINANUY AN UL U UAUENANS
wadanauaiiifvualinnuensalidesndndu
HAUAUENANE

Auaan Aile wazdudu TadeiaTes
spectrophotometer 8@ Hunter 3U MiniScan EZ
M11U1M5511 CIELAB color scale d@fiUdandn
U3hunassa 2 9a/ka Ailatauinmunatswad
{1ATIHARNLLIRG 2 99/Ha Funduiaainend
YOUNAT LTIV LTIV AL U LAUEN AN
25 au. 1 adyua enumvnidentadaenesides

a

ANAULUBS hazANUANANIAUA18A1NNLUABNDY

G o L &
yananfigavesnilutiie Jnanuuuuile (flesh

firmness) A 8LAS 893 LAY LT DA UNE (texture

a1

analyzer) ME1ATIHANULLIAG 4 30/H8 UTua
vpudsiaraneuils (total soluble solid, TSS)
At pocket refractometer 8%e Atago Ju pal-o
wagUSuaunsanlmnsala titratable acidity, TA)
1ngldT8 AOAC 1990 (UnyBuzuasanIIA, 2546)
4. MIRATINTIYA UasinIINISARLEDNIUS
TAs189 AU USIU (analysis of
variance) 1LA51ERANLUTUTIUTIU (combined
. . a ) 1 a
analysis of variance) WaglUsguliisuaiadelng
7% Duncan’s new multiple range test (DMRT)
NsrAUANLLTBLU 95%
I3 o oA a v a N
WnaainIIAnLaeN Av lnandnRfugs
ni1ugUnede daunneaninnunasivue

HANINIFIUFUUEIALTIIUAINUTENIANTEN TN
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inwnsuavannsal 1389 NmsgIuduUralssay
vosUszndlng w.e. 2543 Aunindunis Tiud
YUIALHURNUAUGNANHA 10.50-15.50 3. Wil
anwandugunsinszuen Anugmalitosniy
EuRIUAUGNAHE ANENAT AUMULUREN

I3

wazldusuAugnaLNUTREN I M BB ULYINITUG

9

Jaede onadwaesasiaus Wanduliidulng

NANISNAAILAZINTA]

1. mMswSsuiiisunuglugudide
1.1 msIguliisugnees
= a % 1
N1ILUTIUNBUAUUEIAYANEN WU

YrindunaunisUIruaanmanlulangaiung

v
a o L%

anif U mtin 1.80-2.20 NN/AU gNRALVNENEIG
<& a I v ¢ a v &
annsaiuiealanaunugdanile areius
PBIA9-03-004 1N1580NABNEEA 74.7% 181G
PBIA9-03-004 uazUnmiIglvinandnliunnsneiu
wsikpneafuNEdAfvaneiugay o WugUemide
A wvninueg g 1.07 Nn. usnei i uneaiifn 5o
leun eneming PRIAS-03-004 wag PBIG9-07-045 Tvina
= v v & dl i
Wit unug Scarlett 7110 ug nuausenang
smooth cayenne AU Manzana 1 M0 UAUBINNT
v 2 < '
ganmaNlaf wazinuiensINd smooth cayenne

I3

(d'Eeckenbrugge and Marie, 2000) Wi @18W UG
PBI49-03-004 dn1598nnangidsdnalinandn
g4 (Table 1)
nsldduRugaINNIsIIzidellodoind
918 1 U Weasgnisleduaannaniuieideng
ADUTIUIN VUINFULNSUT 99198 analinail
YUIALAN LAZHANARAT ADAAR DA UIUITEDDE

= ¥ dy dy = a o
V]ﬂQﬂﬂ']ﬂG]ULW']%LﬁENL‘N@LEJ@ WANAR YUINAT LA

30

thwringnduiiuananviauitug (Hoy et al, 2003)
efiasanquameananiuisuifisudusiug
Unenide wudn aneiug PBIA9-03-004 SlAueing
Léjumuﬂuéﬂmma canning ratio, length ratio,
TSS uagamuutuilolsiunngsiumnadi (Table 1)
Ineglun il s uanesgudulzsalsany
angfiug PBI49-07-045 4ANNENINA UazUUIA
Wdusitugud nananasininegelidedAgymeada
ﬁuﬁuiﬁ ANWIY AU canning ratio, length ratio,

LY

TSS hazANULUUL Lo lUkanA1 uN19a8s 3nad

Y

TugnunnduansnuamssIudUUzsAlssu 91
MswTsuiiteuitug wuih wardedlaldfniniug
InmidsTsaenndesiuneamuea Li et al. (2022)
F1nsUsuUsanuglunsussimadiliddulssa

I3

Nuglna#fnd smooth cayenne F3tnaneiug
PRI49-03-004 UaY PRIA9-07-045 g msnaaeu
Wugluurande
12 maSeudisumeiuiulzsaiusUamie
Y ag vo a a4 o =
R vanuawAdlathinugnidssudieu
AuiugUende wuin dmilnneunstadusanaen

s

Liunneineiun1eadal 2.20-3.40 nn./su anenug
PBIC54-01-639 fin1508nn8nggn 85.0% d7u
wusamiisfiniseanmensian 62.7% (Table 2)
st aanest 1l U e 1.02-1.33 . Tad unel 1oy
meEdiA U fruit/plant ratio 0.51-0.60 41319819
Tleddgmenanunugemde (Table 2) Wande
WAZA QUNMEANE 1 Lt azanef Wl uaNe W sadif
Fefmdonanedufial fruit/plant ratio 816U 14 luA
ﬁWEJWJUSZ PBIC54-01-161, PBIC54-04-252, PBIC54-

I3

05-334 Lwag PBIC54-05-544 Lsﬁwajmimaauﬁ’uﬁ
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2. NMINAFIUNUTIULVAINER
2.1 NM3LATEYLAULA

waalgn 4 wou W udnngruudavaieiugnis
winydulrlndiAeatusis 2 undagn nsliindas
Wifinswsaiulnegwiollo ndsgn 8 Word el
mawsydulalndiAesiu Sntsnisdanistenia
AIN19ILATIZNAN TedsnalinisasgiAule
Laiwaneneiu naudsdvesnmendussn wuil

waeUgn 2. YTy NN Uil ANgIRY Lag

9 Y

I3

AMueUllwenNEafUN9an R iR gsaenus

9

PBI49-07-045 A5AMUNINIAU kazAUNISluan

g Uamide sanesiug PBIA9-07-045 1Ju

a = a

dulgsagnuausenineiugUaaiedual 3.l
i 4 a 4 7 ¢ a= v ' !
YA UA AR 18lUNeRug @39 1 dney lungy
queen 7 YRR ULE NNIIWUT IUNAY smooth
cayenne WwmitinfeudsRusenaen wuin ynaneiug

[ a

launnei1eiunn9adif (Table 3) duunaslgn

aa v [

3. YsgaauAsTusnanenuginisiasaidule
IndAgsiuiiiigsaneiug PBI49-07-045 Ay

299U wazaugnludianuans1eaInatewug

¥
v 6 a A o £Y

duogNltyd Ay ana Muglaniieduinin

3

o

aa v o

Augeae wiliuandsiunisadfanualenusg

o

Y v

PBIC54-01-161 (Table 4) fiudutzsniing oy
ponaenAsiiony 7-9 WWeutuluiieugniemie
fvmiindu 2.50-2.80 nn. 45 Tuguly dnve
Tausueiulng (@a1duideivaiy, 2560)

2.2 M398NABN

dulzInmauaUawan1TeaNABNKANA 1N U
fnvsy3 nu 4 anewuiiesnasngini 70%
Leun aneug PBIC54-01-161, PBIC54-04-252,
PBIC54-05-334 way PBIC54-05-544 (Table 3)
wlaanunINIUTEAIVAITUS & 3 aneniug Lawn
ane%us PBIC54-04-252, PBIC54-05-334 Uay
PBIC54-05-544 (Table 4) anewuginevuausisio

s

N15U9AURDNABNATUNY 2 wiad lawd anenug
PBIC54-04-252, PBIC54-05-334 ey PBIC54-05-544
nMInevaUBIraUIRURBNABNAANA I NANENE
wazdnn1swlasiaene ludesdsduaannaned
= ! vy < d' a !

Fgd WAl iNISAUNENANER 2 JU LazA1T

IANSHUAIT UL UTU

Table 3 Pineapple plant weight, height and diameter; and leaf width and length at 12 months

after planting before induced flowering and flowering response at Phetchaburi

Agricultural Research and Development Center in 2023

Plant weight Plant height Plant diameter Leaf width Leaf length  Flowering

Line/cultivar

(kg) (cm) (cm) (cm) (cm) (%)
PBI49-03-004 172" 82.6" 78.7 abc 5.3 ab 66.6" 58.0
PBI49-07-045 1.83 68.7 63.7 C 50b 57.7 69.1
PBIC54-01-161 1.79 82.6 81.8 ab 5.6 ab 71.3 719
PBIC54-04-252 1.93 94.1 93.7 a 6.3 a 81.3 87.0
PBIC54-05-334 2.10 89.8 75.4 bc 49 b 76.1 725
PBIC54-05-544 2.42 87.7 83.5 ab 5.7 ab 74.3 70.4
Pattavia 2.01 83.8 86.3 ab 6.2 a 70.5 49.4

CV (%) 12.9 10.8 10.6 9.2 12.2 -

In a column, means followed by the same letter are not significantly different at the 5% level by DMRT

"/ Means in the column are not statistically different
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Table 4 Pineapple plant weight, height and diameter; and leaf width and length at 12 months

after planting before induced flowering and flowering response at Fairtrade Pineapple

Growers' Group in 2023

Plant weight Plant height Plant diameter Leaf width Leaf length Flowering

Line/cultivar

(kg) (cm) (cm) (cm) (cm) (%)
PBI49-03-004 1.93 ¢ 85.5 ab 93.4" 54" 73.8 ab 59.0
PBI49-07-045 2.23 bc 73.1b 85.3 4.8 65.8 b 68.5
PBIC54-01-161 277 ab 82.1 ab 79.2 51 71.8 ab 63.6
PBIC54-04-252 231 bc 85.8 ab 89.3 5.0 72.3 ab 75.6
PBIC54-05-334 2.56 bc 95.4 a 94.0 5.0 81.6 a 70.7
PBIC54-05-544 253 bc 89.8 a 94.9 5.7 77.0 a 76.2
Pattavia 3.38 a 932 a 94.0 51 80.9 a 55.2

CV (%) 16.3 8.1 8.7 8.0 7.2 -

In a column, means followed by the same letter are not significantly different at the 5% level by DMRT

"/ Means in the column are not statistically different

2.3 NAKGN

IINNITIATIEAANULUTUTIUTIY WU
wis gnlsifiBvSwasianendn enenivug PBIC54-04-252
Tinanangeen 11.53 Awls unnssewilieddy
nsadAtuiuianiefinandn 8.83 fu/ls
(Table 5) NARAMANZUVR T TR. INSUS WUdn aneming
PBIC54-04-252 Tiriarng s aumneinsae 1l tied sy
meatafuiugUnaie (Table 6) dduunasgn
L USATUATIUS erneninss PRCSA04-252 Law PRCA05-544
Tinandnasaniunnsniuwneda uiwnne1egis
TddAgynsanAiuiuglinniie (Table 7)

2.4 93AUsENAUNANEN

21 2 unas ynaneudlvintinug uas
ANE1INA L LANF 19T UN19ED A (Table 6-7)
peslsnam fruit/plant ratio \Wuanwagmedlulnd
fauduitusBadussrinimiineuastmiingu
fo unmiinuad uegfuruinvesdy diulvgd
fruit/plant ratio 0.60 (Chan and Lee, 2000) R

WSUS aneiug PBIC54-04-252 3 fruit/plant ratio

q 9

e =)

349 0.68 uavangiiug PBI54-07-045 fgn 0.45

duiivszanasduslvmaluluviueaieadiu us
laiusnenaffunsad@luiis 2 widsgn (Table 6-7)

YUIAKE LAz canning ratio MiuANAaAY
YR ATV 2 U sUg N NnaneniugEl canning ratio
1NN 0.90 w5 enada nwauzidunsinszuen
(Table 6-7) duvwinidurugudnassalynaly
Tuueafeatuis 2 unds Tnsaneiug PBIAY-
07-045 FurUAUINANATIAALANK19D1N
aneiugdusgaivsddyneadAnnaeugd
length ratio 11nn31 1.0 Ineaneiug PBIA9-07-045,
PBIC54-04-252, PBIC54-05-334, PBIC54-05-544
wazWugdnnniednoglunguiisl length ratio
gegnldunneneiunieadia @ length ratio 310
wiaaUgn 2. Ussaaupstus aneviug PBIG9-07-045,
PBIC54-04-252, PBIC54-05-544 wazWugUnniy
Falvinaluluihusaifisrdiunandnainuuasign
3. WYsU3 (Table 6-7)

AN THEHAF VRS 2 Wi sUgnunEneiug
Liunnsneiueghedidoddymieta veouadu

W TUA UE ALY AN BN ATMUE N uay
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Ao deia 4 dnvaeiinadonisuussy
dutyanszUasy nanemiug usnsvduius Uemde
daallssnmuussUbifesusunasunszunimsnan

TSS e 2 wiela nneneiuslalunnsinaty
NRARA d3U TA VDWARAFINUVA UGN 2. INYTY3
anetug PBI49-07-045 SUFunaunsadilninsnls
asgaunnsnseeaiifeddymeaintuaneiusdy
drunandnanuraalan 2. Ussarudstusynany

U A a Al | | ) aa
Wusdusnunsan e laluuans et un19anm

]

(Table 6-7)

1 a v 6 A
wnaelgn 2. wasys nnaneRusialnu
A v 6

wiaadluuaneatunsandnurusdanie dile

]

Nildwmiosgou lavalewug PBIC54-04-252,
PBIC54-05-334 Ly PBIC54-05-544 \ilpildindes
wWunImiug Unemnidsunns weoe 19l ded Ay eedia

= go/ 3 aaa I~ 1 1 v aa
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MINAABURUG LULVE WG WU dutesn
aneiug PBIA9-03-004 uay PBIA9-07-045 Hnauinaén
\AulAgmanaaldininiugiinnde msusuuge
WugduuzsaisiunnaAnmanunsld Suseniug
utzamiug mn. wwsy32 ddsadnnimdnide
s mminug 029 genimtugtiamded 0.23 wnuse
\Enninustaniied sdawadsielsanuulsgy us
HandsLauwiTugUnemide (adnuaseoe, 2565)

MR 2 und wgnnnaneing
fuvinualdunneatuniead usaneiug
PBIC54-04-252 Tinawamiads 11.53 du/ls gandwing
Unnide (8.83 fw/ls) 30.58% waneineriumeadis
(Table 5) AMUUANANVBINAREIDIVFUNUS USRS
MIWBUELBH MU A URBNUBRENETG PBIC 54-04-252
figanin (87.0 uge 75.6%) dlaisuriuiug Unmide
(49.4 uay 55.2%) (Table 3-4) senadawalsiingg
fanauntu wazihlugnandedelifiganiiiug
nnide aenndesfu Wassman (1982) ifmiden
dulzanlees clonal selection Tulsuvreeawside

Topaniumuniiudu 10-15%

Table 5 Yield comparison of pineapple lines/cultivar at Phetchaburi Agricultural Research and

Development Center and Fairtrade Pineapple Growers' Group in 2024

Yield

Line/cultivar

Phetchaburi Agricultural Research

Line/cultivar
Fairtrade Pineapple .
means (ton/rai)

and Development Center (ton/rai) Growers' Group(ton/rai)

PBII49-03-004 9.36 9.47 9.42 cd
PBII49-07-045 6.93 6.94 694 e
PBIIC54-01-161 9.47 9.52 9.50 bcd
PBIIC54-04-252 11.50 11.57 1153 a
PBIIC54-05-334 10.36 10.37 10.37 bc
PBIIC54-05-544 10.25 10.77 10.51 b
Pattavia 8.83 8.83 8.83d
Planting area means 953 B 9.64 A 9.58

CV = 8.6%

Yield between line/cultivar means or between planting area means, followed by the same letter, are not significantly different at

the 5% level by DMRT
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L33 TuA9UsUNTLUIUNITHES LaZLNBATNTNA

AglonanangaTy

a: PBI49-03-004
b: PBI49-07-045
c: PBIC54-01-161
d: PBIC54-04-252

e: PBIC54-05-334
f: PBIC54-05-544
g: Pattavia

Figure 1 Characteristics of pineapple fruit and pulp color of six pineapple lines (a-f) and Pattavia

cultivar (g) at 30% ripeness
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Combining Ability of Maize Inbred Lines under Water Stress Conditions
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ABSTRACT

Cultivating drought-tolerant maize is an effective strategy for reducing yield losses caused
by dry spells during the growing season. The study aims to evaluate the combining ability of
maize inbred lines under drought conditions to develop drought-tolerant hybrids with relatively
high yields. The first experiment was conducted using a factorial mating design, producing 63
hybrids from 16 inbred lines (7 lines in Group 1 and 9 lines in Group 2). These hybrids were
subsequently evaluated together with elite hybrid varieties and commercial varieties, totaling 70
varieties, with DOA Nakhon Sawan5 used as the check variety. The test was performed under
conditions of withholding water from before flowering for 2 weeks until reaching 1 month, then
watering as usual. The second experiment was done using a 7 x 10 alpha lattice design with two
replications during the 2024 dry season. The result showed that five hybrids, namely Nei502007
x Nei542006, Nei502007 x Nei542018, TF7 x Nei542020, Nei502007 x Nei532003, and TF7 x
Nei542006, gave yields of 1,146, 1,046, 1,037, 1,034, and 1,026 ke/rai, respectively. These yields
were higher than that of the check variety, DOA Nakhon Sawan5 (749 kg/rai), but were not
significantly different from those of the commercial hybrid DK7212C and CP389, which yielded
1,066 and 1,059 kg/rai, respectively. In addition, four inbred lines with high positive general
combining ability and values significant difference from zero, Nei502007, Nei532003, Nei542006,
and Nei542020, were selected as testers to evaluate yield potential for new hybrid development.

These inbred lines will be used for development of drought-tolerant maize varieties in the future.

Keywords: combining ability; inbred line; drought tolerance; Zea mays L.
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Tusyeznousannen N&191NTUaLIANIsln
JufasresLiuLien (Banziger et al, 2000) Ing
Wulassraosaninuaslaold3sis uanns
Tfvsausszoznoud 1 lned ssdnieanaen
2 duUansk sotilosluau asu 1 Weu udasalih
paUnf iiledmdonitugd1Tnadeedn fnuds
(Wewwg, 2551; Fednnluazany, 2565; 3w
harAMy, 2566%; Grudloyma et al,, 2005;
Vongsupathai et al,, 2011)

N5UTLAIUNTBNISNAADUANTTAULNT

o w J

HaudauddgysenuUTuUTIRug 180991013

laaeiugwin ddinsvasianuggnuauduy

v o { =

IasNAUYRINIsUSUUTITUe i laTugNa Tag

42

'
=

NA1eRUT N AR DITAUTTOULNITHANVDIAY
v saa A Y aa a =
Wughnaiellagnuauniinandngs Faaussous
v 6 1 @) &
N1THANYBIEIENUT wUseRN U 2 JULUY fiD
aussnUENsHaNalU (general combining ability,
GCA) WazaussauznITHNaNLIaNe (specific
combining ability, SCA) IaaA1 GCA wu18dy
ANUAIUITOVOIANNUT bAAEW UG il 9 b
! N Aa A o v a
ARdgvegnNaNiia el lunauiudnuaie
Y [ dl 1 =

aneiug vausNiA1 SCA MeB ANNEINNTATEY
aneiuglaaneiuiviialonauiudnaewugnile
wdlignuauiia (ngug, 2551) Feaussauens
HaNvasaeRugy inandn vt lnaaesdo
HAuLane19eg 1l dsd1AYn19ais %0019
nanilanaussaugniswaudunaniandndna
Y839 GCA uay SCA Tunnanimuwindeuiinaaay
(UIARALANE, 2560)

nqug1 (2551) eFurelidnnisnegeu

ausTurNINANYeaeWusITlaonaly ey
335 laun 1) nsldanewugnaasu (topcross
3o testcross) L un1staeWus i deanns
NAFDUN NN U UAERUTNAGDU 2) N1THAY
wuunuiuuanelungu (diallel cross) Milila
ANENYINAY n(n-1)/2 e n wirdusuauane
WugAifeIn1InAgey way 3) MIaNLUUNURY
MuATENI19nq 1 (factorial cross) @ siauelae
Comstock and Robinson (1948; 1952) § 1y
NIHANTEMINNANVBIAIRUS I I TVIADY
dlomesiugiidesnsnageuanunsouseonls
Wu 2 nquegratniau lnennaneiugvaangy
vilagnaniunnaneiuduesdnngunils S1uaug
NANUIUNLNIHALHAZVINAY N1 x n2 ifle n fo
Fnuawuguesngui 1 uag 2 mudfu a9

AU a5 ULl UANTTOULNISHNALYD
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aneiugla (lwena, 2550; ¥énd, 2562, Hallauer
etal, 2010) Taud e slunazsnalseina
Uszauanudnsalunisuseiliuaussousnisuay
YeaenugU1lnalne 5l (Tedmduavany,
2568; Dhliwayo et al.,,2009) Ussinalnedinisi
aad o 1 a
F5aananuldlunisussiduaussausnisuay
¥ & v ¢ °o
YaetlnadesdndnarUsrauanudnialuns
ARL NA1EWUT WAz ANANT ITHANENZININ
WugUTsuWey (Tetanliazany, 2568) F99113T
dluamitiunsnelaaninuwinaaudnd vinlu
§aU1A YUY AANTTOULNITHAN VDA UHUT WA
AElAANINLAS DNTIENERUT LIVULA N WAL
Tnugelalasunisussiiuniuaiunsalunig
fnevensnvaruatiUggnuavsgandussuy
31NN15ANTHININTN8ATLATN T
angiusilnadesdniluaninnas lngg s
wazAne (2564) lavinn1suseidiuateiug ui
VI9AY 190 a1eiug wazAndeniug lnewaisan
1NANENINNITIARANERN HNYULNIINITNYAT
NdfAny wazdoyauiuAndmsunsAnaanwug
VUL LN 929119senIngengTueantnuuay
mqi’uaaﬂ@a ﬂ(?ﬁti;: (anthesis silking interval, ASI)
AMULNYaly (leaf senescence) warn15dau
v831u (leaf rolling) & saeWus winuua 7 ba
(% I ¥ o 14 I 14
Andentianunsainunldlunisaseguandialng
& o sdaw Y o & = o & W a
Wesdn indAnennls daudndudesyssdy
AUTTOULNITHAUVDITINALR BB TN UG
Miwuls nsfndenaneiuuiaIngnuuen
U a = ! a A
dougnuuasnandniistognsferonaliiivmely
n1savieudnenInnIsaIenendnuuziaullg
av = ao ¢ a
anuay MuITedadingUszasaiioUseiiiu
AUTTOULNIIHAUVDITIINALA BB TN UG

v v

MiawaeuglaensuIvINIsneasnglaanin

<

wd e ezttt duaneiugnanalunisiaiun
i MInadesdn IgnuaunuLas enefiuieddy
HANANEY uazlitadndentavUseiliunaninni

FupauNTUTUUTIugsaly

aUNIalLAZIENS

1. Msa¥egnay
Ugninlnad esdndangiug win weawn

s

lnvasianiuavany (2564) lugaeu U w.a. 2566

q

fa o A

 AudITeNylsunTatssa Tnsudsaneiug v
oondu 2 nauiiinguenmelsdanneiu(@swand,
2564) Nl 1 UsEnouse Nei502007, Nei502010,
Nei502021, Nei502029, Nei582012, Nei582062
wazanefusuinniin? nauil 2 Uszneausae
Neid92013, Nei541008, Nei541017, Nei532003,
Nei532005, Nei542006, Nei542018, Nei542020
waraneiuguinnilns vimsugnaneiugae 4 uad
WMe 5 4l SeevUan 75x20 Wl HensyriEneiug
IAURANLUUNURUMNATENINNGY 59U 63 ARaY
2. NMINATIUGNNEN
Ugnussidunandndalnad vadnd
gnuan 63 Anauiildannsaiisgnaaslude 1
Lﬁawmaauémﬁuﬁ’uﬁqﬂwamﬁwﬁu NSX151008,
NSX201007 wag NSX201009 kagWugn15A1
(DK7212C, CP389, Pac789, NS3, NS5) 52097 ann
70 g 14ug nan.upsanssds Wuiugesadeu
MANUNIINAEDIUY 7x10 alpha lattice 2 % ite
fadondewiuioufiandgdursunatioudey
fugnazUsndunaiug audumeuysulgaius
VBINTUIVINTNYAS (8178, 2529) FemsAmden
Jesruldfunsitusnageuduauann Tasdinng
Fanquitus/anesiugliegluvdendesiidvuia

@ o 4 i/ddy
LANEN WWI%ﬁWNWiﬂﬂ’JU@Nﬂ’J’]ﬂJLLUiUi’J‘Lﬂ,ﬂWUH
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andunisgnnegey a Augidedivls
UATANTIA QAUAS U W.A.2566/67 (W.8. 2566-5.A.
2567 Falurasinisnaaedlifidunn) luynfu
any3 LoAumilen Wetuil 13 5.a. 2566 anesitug
Az 2 uad 817 5 4. seeedan 75x20 g Tddaiadl
seafiu 15-15-15 8931 50 nn./lS wdsUgnuiu
arspdAuaudeNy laeldasnsidu 200 n.
saufvazatnaed 300 34/19 vmefuiaudy
dotnInadesdniony 3 §Uanindagn 1d
Jenadl 21-0-0 8m1 30 nn./ls uarlddenssd 3
dleeng 45 Sundaugn Taelddeindl 46-0-0 veen
fs6fu §091 10 nn. /L3 Whihnaengquan dUani
avadsluszuuniudos (sprinkle irrigation) Wi 4m
nslifilusseroonaonuiu 1 ey iled1aes
ANMKAT MLABNITVBIET AR AME (2566%)
Faansafiansanainluil 9 edifufsudszey
Auann1anauings (@Waniuasany, 2560n) el
13 usanisliidoud Yudl 31 w.a. 2567 quils

=

Tui 2 dl.a. 2567 wddRliteuUnd NsUGUR

[ 3

DU 9 TANITAINAMULNLIZEN LAULARITIIING
& v & A Ly [ 1 o/
Weadndlieany 100 Tu lneiuraewnlIeniiu
Y o Y 4 X A =
AUNDEYMILOILATTIIEUAT FINNUTAAUNEY 7.20
1 [3 d' 14 (Y v sa
n3./uUatgey inuieImTauiunnugiene
100 Ju MUNTNYUNT (2566) 518910310 UT
19 lnnegdu e early variety @111501AU
WNemandnudnle Weoeny 90-100 Fu
3. nsUuiindoyauaiinsngi
Junndeyaniug don1svuindeya
a o ¥ dal L 13 U a v =) 1 =
NuITeTnadesdnd (@atuidedivlsuasiiy
NALNUNS 99U, 2562) Tawn HANAALUA AN
AUTY 15% 918 TUpNABNAIN 50% 8183

aonbny 50% AugIRuwaziln LS dudRumn

44

wavdy Wosidudnisnenmig uazauTuEn
vuzftuiierindieiad aannudusu Dickey
john GAC 2500 INTL iiudeyaiiisndisdimiunis
ARLAONIUGNULAY bW Y9%95Erieeny Ty
panlruuazelgusannondly (anthesis silking
interval, ASI) A3nLkAYe9bU (leaf senescence)
Tinzuuy 1-10 ndsesnaandiy 20-30 Ju lag
farsanluneselutome dspzuuy 1 vuneds
Tlupie 10% wisuivlutanue Azuuy 10
wanedsiluwiinnead waznisiuvesly (leaf
rolling) Tsaziuu 1-5 1ilo 2-4 danindmeath
Farzuuu 1 nuneds Tuund Azuuu 5 wuneds lu
weIuAaTYYad (Banziger et al,, 2000)
AAszANULUsUTILLagLUS BULi g U
AULANA1Y8IA LA 8A1833 least significant
difference (LSD) 31Aszshanssauznsuauiialy
(general combining ability; GCA) Wag@UTIOUY
NSHENLANTE (specific combining ability; SCA)
Tuanwaenananse R statistics (sgf?i’ﬂﬁ, 2562; R

development core team, 2019)

NANISNAAILAZINTA]

1. NM5UILIUNANER
dlefiansantanandnluaninuds wuii
Trlnaidssdnignuannadeuliuaninsenin
65-1,146 nn./ls ﬁi’fniwoﬂ,ﬁymé’miqﬂmau 5
Aran Lowi gnuas Nei502007 x Nei542006,
Nei502007 x Nei542018, TF7 x Nei542020,
Nei502007 x Nei532003 wag TF7 x Nei542006
Tinandn 1,146 1,046 1,037 1,034 uag 1,026
an./13 muddu Fagandniugnin uasadssds

(749 nn./l5) egnsfidedAgyn1sad@ (Table 1)
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AU HAKNGAYDINS 5 ANAN 90310 UT NN,

UYATAITIAS TEUIN 40-53% W bl WAnNFA NN 19@n R

a

AUNUSaNHANNITA DK7212C wag CP389 7
Tvnandn 1,066 way 1,059 nn./ls a1uaiau

[

wanaliAud snuA 19190 TR RUIN UG
yuuds esmngransianaliiiandaluaninuds
FININNUTLANADHUTNIN. UATAITIAS WANGINS
NUATEreUSwazAMY (25670) AinuT
HaKAnUesgnuaNAao Ul uANA199 NG
NIN.UATAITIAS §9AULANAIIU9ELAADIN
AsusnAnsestusnssLAe Tl daewugud
frunnsAnidonduanumundslaense vidld
ansamevenanvuznuuatlugannaulafngd
danalvignuauuansdneninnistvinananniels
annudsldodetaiau arnuan1s@nwd v
wiudnugunaiugnssuvesanewus wousld
unumddsgiennudsalunmsianniuginalne
B eadaignuanmuuds egslsfiany wugwead
Fudu desf nsUseidunandnamd unaunis
U¥us aTus 9090513 9INIINUAT A IUANIT
Wisudleudowy Bsuiisunass ooy
Tuesduussuiieululsinunsns uaznsmaaey
Tulsinwnsns (9175, 2529)

[

2. ANWUZNNINTITNYATNEARY
% s v o« = o
Trlnadednignuanivaaeuilanuuy

NNNTNEATNEIAILANAIAUDE 19T TBE Aty

neani lnedengTusanaensany 55-64 Ju lagi

RwugnisAdiengTueaneensiiade 60 Tu uag

WUG NIN. UATAITIAS U818 TURBNABNAINT

e

59 Ju fongFusenlua 55-65 Tu laeiiugnism

& v & a Y} N o Y
N5 ‘W‘Nﬁq Naquu@@ﬂl‘wﬂlﬂﬁﬂ 60 U LATNWUD

)

1N, UATAITIAS5 ey Tusanlva 60 Tu Feeway

nagavdlvgilifueennendiuayiueanlny

s

Tnawassduiugnan. uasadssns daduiug

]

a

AnuANeY Y ANy 126-237 9u. lag
v ¢ Y o % N v ¢
WUFNITANAINGIRULREE 216 93, UagHUS
13 = ¥ IS
NN, UATAITTAS UANUAIAY 202 . HANES
in 80-137 g, lnefiiugnisAiianugailnade
119 @31, dagiug nIn. uATaITIAS5 dAuaain
110 g3, dAuau 0.0-65.9% lagAiugn1sAAu
qu 4.0% wariug N3N, UATAITIAS TAuay
12.0% fusin 0.0-52.2% i fiugn1sAERUAN
W@y 0.0% wagiug NIN. UATENTIAS AAUN 0.0%
1n1snemne 60.45-86.09% Lagiiugn1sAniinTg
NEWNY 76.62% wavhug NIn. UATAITIAS 1N13
neNIE 74.31% JANuTwudnvaziiuiedd

s v

100 u 17.37-32.82% lapfiugnisiiiaauiy
YouLuLien 33.05% uagiug nan. uATAISIAG
fnnudundnvmsfuifen 27.25% (Table 1)
Toyadilfdardulsransanauudsusumie Cv
YosdnuaLiRnAsue oniudesidudduin
waziesiduddudu leannursiusiinaaou
WANIDINITAUNNUALANTINIUNIN wasdINa
nsznuUsienandn ulasfifinsinuieduunniy
Unft vilsieyanszaneesninsanaeds 3wl
v g9du aoandosfusiuiseveaiwaniay
AMlE (2560%) wazUTggkazane (25677) fifien
CV voulasidudnuin uaziosiduddudugs
Ty aninantiedulagainsiudilng
Aesdnignuaniinaaounisldanmudouans
ANNLANANSYBIENWALNNINSINYATARNY T
agoufenuuandswasiiugunietugn sy
anuaudnlngionyiueennendjuay fuseniny
TnafeaiuiugnIn.uAsanssd 5 dealudyig

¥93EnI1918 Tueonaend Iy kay Tusanluy

[ a [

(ASD) du FadudnuwmuzdiduNniiesneIni1shn

o
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whauaznandnnelianueionainnisumi
danalvinandnanas (@3Wanluavane, 2556;
NeSmith and Retchie, 1992)
nsdndoniugdrilnadesdnd uanain
NANAAEARAIFTDINNTUAN BULVINITN AT
fae Innneaesinu drilweid sederignea
e 5 fuau Tdun Nei502007 x Nei542006,
Nei502007 x Nei542018, TF7 x Nei542020,
Nei502007 x Nei532003 uae TF7 x Nei542006
Tinanangandniugnin.uasassAs Galliuosigud
fuvin dudu n1sney uazauduudnve
Aol er Liunne1aaniugnin unsadssas
Anen TF7 x Nei542020 uay TF7 x Nei542006 4]
o1gusenlnuuazeng fusonaendaganimiug
nn.uasanssns lunsdndeniusimlnadesdnd
fiflorgfiuifendu iefiuuseansamnisuasly
sruUMTUaNATTa N ¥ATNTH Y AB9ia15aI

Y

Fwaniusennenday Tuesnluy TuAuliedi
L5331l aunsTwunvessLTUNs
(2566) uonaINUY ATATiIRNNTULLEAVUE
WULAEIAI Fagsimniiazane (2566n) 318914
! <@ N a v & o eal
JMsiiufgINanEAt1lnAR g edRINeNe 100
U ¥ lﬂij v IO ! o U
TU UAPNUTUTIAIRINTT 35% wizaudmTu
NYAINITFBINITNUNIMANENTY LazauIse
anAINLABIRONITVE BUANNINTDUUAR 91N
& 2 >
ANUTUNENNZILA
NslEaNwUENNITNEATTINAUNANES
Usgnaunisaatdeniuginilnadesdnd 1oy

L4

firsananesidudnginie ongiueanaendy

e

a1gfueenluy Wesiduddudu duin dnuae
DAY, & & 2 o
NTIAU SNWULHN WazANUTUUARYTLAULNEN

ansafndeniugiIlnaGesdRignuaNegduy

3

a v

Addnen 1wl WueeInU 15aUNIALasA

46

(2561) 198N ¥UENINITNYATIINAUNANER

UsznaunsAndenitug Usenausig Auaanu

Auastin msfnwantiaaieiin dnwaegunsen

v o/ § = s )

anwagnIy uaziesidudnzinng LWunaily
s = a

n13fnden neRaensliiugannauiinanangs

AN IR ULATAINE I NA Aalua ALl

]

Snwazgunssilnuazdnvaenaiuie uas
Wosiudnginzgs aunsadnden Anauuasd
Snuwagensnunsfianudoanis dsemaded
lganuauenMITnYRT Ui uNaRERUsENBUNTS

4 L%

Andonitug Lo o1y Tueenaendan o1giusen
Ly wWesiuddudu duwn n1snenie way
& 2 T o A Y v v
ANUFUUAAVULLAUNYT AITINEIIUA U6
N o o o v A
Wenansandeyandrdglunisdniden
Fugnuvnuwas wiulaindalnadesdeignuaud
ffngnlun1slinandngiiyieinasenineny
Tueenlvuuazeigiueannandiy ALLULAIY
wnvadly wazazuuunsituvedluives lnawug
g o a v o o A |
NIMNANERgIan 10 SuAULINT U T939%19

¥

se1inegTusenlnunazetyueonnonday

[

0-2 TU ALBLUUANMULNVDIIU 2-5 AZLUY haY
ALLUUNITUIUVDILU 2-3 ALLUY dDAAABINU

Grudloyma et al. (2005) Vongsupathai et al

v @ 6

(2011) uay vaImUllazAuy (2565) ﬁiwmudw

L3

ANSENUNANART1IINALE GIFNIA DIAALADNNUS

9

fidanuwana19etaiyJueantnunasusen

€

Y

ABNAIN AZLUUNITULALAZAZLUUAITIINYBLY

Y

a v 2 & Y YRS P
oy Fadwdmanglunsfndonaneiugnuuas
LU 299N ANBAUEAINA 1Y 28 TULS 999D9NT
duargiuanazauauysaivesdnulugie

90NABN dewalinsNaNFnfTuLazann Ty Ae

1 a

NANAALIULALINYU NeSmith and Retchie (1992)

s

uaraINLLaTANY (2556) S184UINTNTENUY
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uasluszezeannon (flowering stage) vilwn1g
panlnuvestalnad ssdnidas inaay
unnssesTusenlva uaziusenaondaruiniy
Wunaliidnlifinwén uaznandnanategiaun
Tnsiangluiugsounensanuglinuuds
3. NMINAFIUANTIOULNITHEYN
INNINAFBUANTIOULNITHANT 21U
wut Frlnadesdnianewusud 4 aeiug I
Nei502007, Nei532003, Nei542006 uay
Nei542020 winnzdmsuluaranugnaaauly
nsasagunadln o lunisussidiunandntnalng

s

Weadainunadluouing WeInie 4 atewug
Aanalaussausn1snaunialua loadan GCA
Juuinas wasuandnsangudegeafidad g
NERF (p<0.01) (130 135 165 wag 80 MLEIRU)
(Table 2) Inganeiugurvi 4 wug Welunaudiu
anefiugau o ivienaudnandnaiogs (Table 1)
Far1 GCA Wunawanujduiusvesdudule
WJuwuunauan (additive) 61l Angeanawug
sananazminzdmiulddudmegeudmniuns
Usziflupnuannsatunisnanaissialy (ngugn,
2551; ToTmUwarAMe, 2566) UBNaNNLUaNY
v & v P Ao oA v A v g v
Rugwivaldalwunldunaglvgnuaunlving
a = ¥ [ o LY [V 1 13
nanasdnaleliinazilunaniuiuglainiy
(avieind, 2553)
v v & o I%%
Hafi liann1sneaeslvnlvladeya

3 ¥

YINALA SIF M AN US I NT AUTIOULNISHNAY

MlUAiAL FafuiivoyanuIayauasans

(25670) NNAFDUANTIOULANSHANVDIVIILNA

& v & v ¢ vaa & o & !
LaENaGnaWEJWUﬁqLLWV]iJa']EJ{LﬂULﬂEJ']ﬁ‘ULLﬂ%W‘U'J']

Inlnadssdniaeiuguionegiuieddu 11
a1eWug beun Nei641045, Nei641004,

Nei641012, Nei641013, Nei641049, Nei641044,
Nei641050, Nei641040, Nei641016, Nei6d41056
uaz Nei6d1020 faussauznisnanialud uas
Toyanndusduazan (2560) vhnsuszidu
aussourMNaNve T nALE LR Taneiugui
YodlneuaraneTUSHIMUNILLEIRINEAIUTZINA
g aanoitus Neid52009, DTMA192, Neid52006

wae KI60 1A GCA Wuuanuaghansa9aIngug

=

pgilitied Ay 9Eda Feeneiugmaiduwlliy
al' P o a =
Naglvignrauninandngs wazianuaiuisaly

sal o A

NSNUMULAILA Feanunsathanenudffnden

9

3 o o

Leivie 4 aneug dmsuldiluwnasiugnssulu

9

o ¥ 3

lasensUTuUTaiugdmiunsasanuggnuay

9919t lUNaN A s NUSATAUSTOUL NTNANR

)
'
a

gndndonliansuideieuntidsiinarinudn
16l urf @I AI50 heterotic pattern n3a3ULUY
Msuanariloninvesgneesl (heterosis) Miin
MNMITHANTENIABR LS Wi d sl ugiuma
NUFNTTUUANANU
dIUNINARBUANTTAULNITHAULANE
wud1 3 guandl SCA luuInuazusnsisann
Augagaiituddny (p<0.05) loun Nei582012 x
Neid92013, Nei582012 x Nei532005 uay
Nei582062 x Nei541008 (Table 2) Tinandn 717
801 wag 852 nn./ls muddu (ilduansdoya
Tum519) Inganesug Nei582012 Tofgnuad
wandng afl et lUnauuaneius Neid92013
uaE Nei532005 Wity widl sthlunausvans
Wugd ) Winandnd vazflanosiug Neis82062

3

Tignuaunnandngadagnurlunauivaneiug

9

Nei541008 LV]I’ﬁjju ST;Q SCA WJuauanunsaves

aneiuglaaeiugriadonauiudnalenugnis
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Table 2 Estimate of general combining ability (GCA) and specific combining ability (SCA) effects

for grain yield of elite inbred lines under water stress condition at Nakhon Sawan Field

Crops Research Center in dry season, 2024

SCA

Inbreds

Nei492013  Nei541008 Nei541017  Nei532003

Nei5!

GCA

32005 Nei542006 Nei542018 Nei542020 TF5

Nei502007 63

-10
-35
-142
176*
-63
11

100
-28

86
-6
-113
-132
59
86
19

-22
Nei502010 56
85
115
-21

-89

Nei502021 -22
151
-424%*
184*

39

Nei502029
Nei582012
Nei582062

TF7 -12

-70
68
-87
65
190*
-36
-131

13
-33
132
-32

50 -111
-95 3
-96 101
44 -182*%
125 -55
-39 -33 114
27 6 129

-109
157 46
34 -119%
112 9
19 -160**

-126 46
-88 65

130**

GCA -83* -163** -139** 135%*

-13

165** 62 80* -45

*=significant at p<0.05, **=significant at p<0.01
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Responses of Rice Varieties to the Pathogenesis of Burkholderia glumae

Collected from Different Regions of Thailand under Screenhouse Conditions
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ABSTRACT

The bacterial pathogen, Burkholderia glumae, can cause severe damasge in rice in many
countries. The B. glumae disease causes rotting seedlings, rotting leaf sheaths, rotting seeds,
burning ears, and significant yield loss. The B. glumae has multiple isolates, each responding
differently to each rice line/variety. Thus, the responses of different rice lines/varieties to the
bacteria can be used to classify the bacterial groups. This study aims to assess the response of
rice lines/varieties to the pathogenicity of B. glumae in greenhouse conditions. The samples of B.
glumae were collected from rice fields in 41 districts in 10 provinces in the central, northern, and
northeastern regions of Thailand. Thirty-eightisolates of B. glumae were found. Twenty-sixisolates
were selected and grouped according to their ability to cause disease in 20 rice lines/varieties.
The inoculation procedure was done by injecting suspended B. glumae cells (1 x 10° CFU/mL,
O.D.s00 = 0.2) into leaf sheaths of the 45-day-old rice planted in greenhouses to assess their
response to disease. The phylogenetic tree was also analyzed using the Bay-Curtis method to
group the B. glumae. The results from the analysis can classify the B. glumae into a total of four
groups. The B. glumae isolates from Buriram province are the most diverse and were classified
into three groups, followed by the isolates from Phrae and Roi Et provinces, which were each

classified into two groups.

Keywords: bacteria; clustering; rice; sheath rot; panicle blight
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(UBMENNIWATASNS, 2562; Maeda et al., 2006)
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37°9. 48 Hilus Wielalweusgvisdieiiedlue1ms
NB Un#28LA3 09LE191A213657 100 50U/U7 7
gaun)dvies 48 F7lud LATuULYARLYIUARY
wuAt3e B. elumae 19la 1 x 10° CFU/mL anu
VeI nEIMTLALATNT (2562) TtiAnAuu
Uz 0.2 1AIN13QANGULET 600 WILULINT

4.2 nsugnivenagaunisnalsaluiu
nand13luanwlsasou

NAABUNIINBLIALUAUNE 101N UT
Unusnil oguseann 30 Ju seeinisniuluih
a a dy aa
NANNY 0 B glumae (YUEINTUAZATNS,
2562) vinn1sugnideluanmlsaseulagiians
wyuasudermIsulilude 4.1 Usuias 300
lulasans 3 (inject) Wusanuluf 3 duann
du8nveIduna 1917918 Useunn 1 1hau
(Yuan, 2004) Ingvinnnsugnitalelatanas 20 41
Na9INUgni¥erinIsrgualegInatainiall
Yy A o Aa £ A &
TPU FUNPMITTIIATY HIBwInNie B glumae
v < Y
I dudainiumulsen1ANTEN TN EATUAY

annsal 139 Muuadnsiadudadesinuny

[

wses1wyaAinie w.a. 2507 @UUT 6) w.a.
2550 (ASUIYIN5ENWAT, 2550) RAI91NYINANS
VA ULES AU ATARUT IR I8N5INN dauRud
Tlunsnaaeuihllevsdedegeusinideluiu

5. magauuisennisnalsavaaauuailise
B. glumae lut13 20 Wug/aewug

5.1 MsUgnide
MN15URNLT LN BNAADUN1TNBLIATS

AnkUasITNI59n Yuan (2004) kag YuEINg
LATASNT (2562) TAelnS oulsaa LUIUAa s
WUAIL3Y B. elumae mute 4.1 Anldenlelglan
PNMILNUYeILsazLlasluLAazeLnNe 31U
25 lelwian wagld B elumae lolaian MPWS
JudeTouiiou saviadu 26 leluian waz

I3

naaauUsEiuANA U UluT IS/ eiug

]

[

s 1 Tneugnitieludnssezndn 20 uf/meus
A9 U1790uKkda s (highly susceptible; HS)
6 Wug/aneug lawn KOML105UBN Uvusill
ANITUUI2 Wderdud1ned NU37 wazuld
ABNUEA105 11780UKe (susceptible; S) 7 Wug/
aeiug lawn drdmeunaeivaial Avalan2
Y1IUUNN432 US1TUYT 908397 35 (598n80)
warnv33 (Meuguaso) YA uvt19eauLe
(moderately susceptible; MS) 6 @aWug Laun
WMa8909 FR13A DH212 419889 ADAULFIOU
wazinileaivelilngg wazdirsudedumu
(moderately resistance; MR) 1 maﬂ’u‘q{ A9
el Inefinisdnnguiug/aeiuginuie
Usgidiumnuiumilasnisugnidedeiu §n
AR NYUTNITABUAUBININNANITNAADY
Dowiu (ilfuansdoya)
yhnstgnideluanimlsadoulaeisng
Aanute 4.2 Usums 300 llasdns (Yuan, 2004)

wind 191901y 30 Fu dvwrnnivludnyinli
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Usziliulsaenn JsduddeniBiludgnideludn
91gUszana 45 U vinsugnideleloianas
20 #1/a18WUE NIENEE 1 AU LAIAGUAIY
ganatadnliviuAunoudigeanaiafnesan
A9INUgNITe 7 Ju Tuiinamm uaginuunauwma
a I~ & % 9 )

Usnanvgnielaeldldussin vdinisnagey
w@saawhnsendelusuduarlufuduieniu
Uo 4.2

5.2 nMsUszdiulsn

Uszifiuanugulsvasnmsiialsalagld
ad @ a ca' L gy [
FBNsinvuIawRauIanUgnirelinitsdy
%, Anklasa1nIsnisusediueinismulung

AR Burkholderia spp. 1917984 Yuan

£
P

(2004) wuseantdu 0-5 s¥au feil s¥au 0 = Ll
WARIDINTT WNATUIA O B3, S¥AU 1 = JULITILBY
WHAUIA 0.01-2.50 ¥Y. SEAU 2 = JUkIIUN
NANY WHATUIA 2.51-5.00 9. S¥AU 3 = ADUTNS
JULSY LHATUIA 5.01-7.50 @U. T8AU 4 = JUIIY
WNATUIA 7.51-10.00 3. S¥AU 5 = JULIIUIMN
WHavLR 10.01 sl

5.3 MsAufsinisiinlsa

U190 a91NN1TUTEIUAUTURTINT
N alsAlute 5.2 41ATUINATENISLAALSA
(disease index; DI) mM135v83 McMaugh (2005)
tgns

Arin1sAnln (%) = [(Ax 0) + (B x 1) +
(Cx2+Dx3)+Ex4d)+(Fx5]x100/Nx5

dle A, B, C, D, E uag F o s1uaunulu
AflsziummguusamaAalsadu 0 1 2 3 duas
5 audey wae N Ao STuumunsusiivegey

5.4 N1SAANFUANNNITADUAUDIABNNS

4

falsauudna 20 Wug/anewug

9

56

Weyadvtinsnalsa lute 53 Wisuiigy
Fnume wanioan (phenotype) #115UN1S
Usedlulsaluaninlsasau (aLazay, 2562)
lagdnwagd 1un1ug e (highly resistant, HR)
H1UNTU (resistant, R) LagA UL 19A 1UNUY
(moderately resistant, MR) Anualdudnwey
N15MOUANDILUUAIUNIY (R) §aunuanduy 1
LaranuUyAOUY 198 89Ul (moderately
susceptible, MS) 8 0uk® (susceptible, S) hag
gauuags (highly susceptible, HS) Anundu
SNUALNITAOUALDILUUS UL (S) T unuen
\Ju 0 (Chenet al,, 2025) udatidayadliludn
nauaeugideuuaiiTonuausuLstlunis
nalsp Mmelusinsi PASTA.10 AATIZRLUY Bray-

Curtis (Insuazay, 2562)

NANISNIAAILAZINTA]

o < 491’ a A
1. M3eN5RL5A NUTIUTWIYBLLUATISY B. glumae

91NN1581929L5ANARAA Burkholderia
spp. tuwdasugnd1iludi ui ananans ala
@ P & &
AziueNRuLnile waznAmilavasusemelng
PUTIN ENID1N15US N Ul uT a nwaE v
wea el NaawiaiEv1IUWmT 139EN199717 Ve
LWNAAUINNALTY RATANWAUZVENEANULUIED
998U drusinisinuluudetnidnvay
| P-4 =~ 9 v < A &
AvdUIIaud AL la A TulIATuLS
a ¥ < ¥ @
ALLAADINIS ML INUAULUAALT UL AULLAR
WIOMTULIININLNUDINTTN MY Fadldnwoue
wiupenulusgnures a1 ke Ay (2560)
UATUMENSUALAINT (2562)
H198199177 LANIDINI5VBILTAN
A1ANANY 118 A19819 NNARNLIUBDNLAYLNLD

150 $29819 LALNIALND 174 $79819 L LN
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WoluATIlTauue1s NA nulalatidnvazlaladl
AUy NaNyu ASEU veuseu uam lnganie
lolawaniiasnsiningdmaesuuons 65 loluan
Feflanwaugaanele B. glumae tolwian MPWS
MG USsUEU (Uaennsuag@sng, 2562) 9013
= v A = o I~ 4 v
Wiguaeaealiiiissne 399 ndufeinsianie
aal ¢ A a & Aaa a % ) I
fgensiveszyviin Weuueisenuenliandleg
174 UaN 9. uAsUge 9w 15 lalaian
ganssuus 1 leloian Wwalan 4 laleian
uAsanssA 3 leluan Seeidn 8 lelwian a3ums 2
Loloian y3sud 4 leloian U 3 lolwian uas
uws 25 lolglan 9ntiTu . UATIIVEN Lay
al 1 (% a E 2 dy

aussaus lnudnvuglaladadeide B
glumae a@MNRIANAIINTINIANAUAIDE190E
luszaziiuifivananan 3e01alinseungunis
) @ Y 1 = o w dy d' =
197948 UAINTITIAATUUNN T wnd
NISANBUNULANAITANTIVIUNWUATLANAINGD
F9ABITI89IUINNULT B. slumae ANNA18EN4
g17viuly 2.uA551980 (85w wavAny, 2567)
W anssays (danduazane, 2560)
2. NM35n59352YTALYE B. glumae AEInALA
S -4
WJe13

HaUfNseNFoTvenTaUATIS Ny
ARBLT 0 B glumae 65 lalaian lngldlnsiies
olu-FW/glu-RV Fednzaeiie B. glumae WU
Y 1 dy N a a &
feg1audeuuaiisy 38 loluian wanuauAoue
WOULABY VUIA 529 bp (Table 1) @anAd 99U

378971UYDY Maeda et al. (2006) WaEUMYINT

wavAsns (2562) Tldlndwes olu-FwW/ eluRv Tu
msmmizwﬁm%a B. elumae WULaURALDULe
YUIA 529 bp 93 Fed fudunisnsianuide
B. slumae nelsAluinananeituitiulssmelne
doAndnITuNsTIBeIWImude B slumae AN
A1suentd oa1ndaeg 19d12lunanesanIn
vhuszelne (Uianduazanis, 2560; YneIws
LagAINg, 2562; 9TwkazAMY, 2567; Jungkhun
et al., 2022)

drunuaiiSdnuazadeide B. slumae
8n 27 lelaan ldnunsdumasizinaudiouie
um 529 bp @i sluiva Burkholderia
spp. Ingfia1sauandnenelalaifiesguu
915 NA Fafidnuwarlaladdvnngu nauyu
AALS8U Y0ULSEU 119717 wazaIn50as s ing
Awides AdneiuLedila Burkholderia spp. finy
Tudszinalnefidseauiiosaealdd fe
B. dlumae waw B gladioli (Tuiantuazaaly, 2560;
UMENTUALAINSG, 2562; B3 ¥ avAME, 2567,
Jungkhun et al., 2022) fady n15TMUNA8
aneanFaldiiisane eswnenaduuailiseia

Aa o

A N v o e =
duNianwurlalatinaieny 39A2530015052980U
o w A o =1 L. a a
ANAULUAVDITUINNIEHBLYR B. gladioli WULAL
A A o a L Ay e v PP & P
vt udustinvautanluliandans siudeens
adunsnaaeuAMaN AN LAz IAl
AADAIUNISNAABUANUAILITAIUNITNBLSATY

1%siianulndlAesiuiie B. elumae snld
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Table 1 Burkholderia glumae isolates (n=38) collected from rice with sheath rot, panicle blight

or discolored grains

Number Isolate District/Province Plant part
2 BRMD>-6-land BRMDS-6-2 Krasang /BuriRam grains
2 BRMSIZland BRM-S1-2-2 Phlapphla Chai /BuriRam grains
2 NANZS-Zland NAN2-S-22 Pua/MNan grains

NPT-PT001-03-01-1, NPT-PT001-03-01-2,
NPT-PT001-03-02, NPT-RD43-01-1, NPT-
8 Kamphaeng Saen / Nakhon Pathom seedling
RD43-01-2, NPT-RD43-01-3, NPT-RD43-02-
______________ Land NPT-RD43-02-2
2 NONAIL-Zand NSN-AFIL Lat Yao / Nakhon sawan grains
PLK-F2-3-1, PLK-F2-3-2, PLK-F2-5-2 and
4 Wang Thong / Phitsanulok grains
______________ R S
PRE2-1-2-1, PRE-2-1-2-2, PRE-2-1-2-3, PRE-
6 Nong Muang Khai / Phrae grains
______________ 2:2-3-2, PRE2-2-6-2) and PRE2-2.4-22)  ~ ~ .
PRE3-2-2-2(1), PRE3-2-3-2, PRE-3-3-3-1 and )
a4 Rong Kwang / Phrae grains
______________ PR A ()
.2 PREGGA1andPREAAA2 SungMen/Phae . grains __
RET-P3-1-1, RET-P3-1-2, RET-P3-3-1 and
4 Chaturaphak Phiman / Roi Et grains
______________ RETP3-3-2
L2 SRNTRLlandSENTR1Z Khwao Sinarin /Surn grains __
Total 38

3. NINAFIUAMANUANIINIBAINLATT LA
U19Usenns
NN1INeFeuANatURAnIaldnduay
Faupilunadsens wuin e B. elumae Wa 38
Tolaian WunuaiiSounsuau lnedoufndung
984 Safranin O 3Us19.duvou (rod shape)
mmsmaﬁaﬂﬁﬁqmmﬁ 40°%. 13 UUD ISR
NaCl AILTNTU 3% @1N150808LAa1AY LABYi
Taandumandigumgiian liawnsaesalély
21157361 pH 9.0 FaaenadatusIBIIUTES
Tulanduazanie (2560) WAy YMeINTuazAINT
(2562) MInARABTLE WU WeuuatiSe B cdumae
Tausaiasayluevns LB Adan pH 4.0 wad

pH 8.0 @msatasgylaties 5 lolatan laun

58

BRM-S1-2-2, PRE-3-3-3-1, PRE2-2-4-2(1),
RET-P3-1-2 Way PRE-3-2-3-2 d@0nAd 84NV
FIYNUVDS YUY MNTUAEAINT (2562)
nNINaaaunsas1euled urease
wusdwuaise 8. glumae 28 lolaian 7 b
anunsaasaeuleyl urease tawn NSN-A11-2,
BRM-D5-6-2, BRM-S1-2-1, PLK-F2-5-4, PLK-F2-3-1,
RET-P3-3-2, PLK-F2-5-2, SRN-T3-1-2, NSN-A7-1-1,
BRM-D5-6-1, RET-P3-3-1, PLK-F2-3-2, SRN-T3-1-1,
PRE-2-1-2-3, PRE-2-2-3-2, PRE-2-1-2-2, NAN-2-5-2-1,
NPT-PTO01-03-01-1, NPT-PT001-03-01-2,
NPT-PT001-03-02, NPT-RD43-01-1, NPT-RD43-01-2,
NPT-RD43-01-3, NPT-RD43-02-1, NPT-RD43-02-2,
BRM-S1-2-2, PRE-3-3-3-1 WAy PRE2-2-4-2(1) 5?;\1
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A0AAADINUTIBIIUTDL TUIa T avAME (2560)
YMINTUAEAINT (2562) Uag Zhu et al (2008)
dudn 10 loloian awnsaasraeuled urease
leantoy leun RET-P3-1-1, PRE-4-4-4-1,
PRE-4-4-4-2, PRE2-1-2-1, PRE3-3-4-1(1),
PRE2-2-4-2(2), PRE3-2-2-2(1), NAN-2-5-2-2,
RET-P3-1-2 L8y PRE-3-2-3-2 ‘?{Qﬁaﬂﬂéjaﬂﬁ}U

Schaad et al. (2001) 71 na11371L3 suuATLSe

B. elumae anunsaas 1ol urease laiantios
(weakly positive) 7i 21-79% (Table 2) nsnAdey
Framudunsmageufisinusiniy wasdould
Tun1sldTruunid @ 8. elumae ag19lsfing
ASNUANNLANG9BKanadauluuidlalaan
21ANIINANUUANANNIHUFNTTUUIUTENT
W5 on15UTURIN BANINLINE DLUDILT B
(Jungkhun et al., 2022)

Table 2 Physiological and biochemical characterization of 38 B. ¢lumae isolates

Growth condition 2
£ > -
® pH o 0
7%} - - © +
No. Isolate © o ® 4 89 2 9
£ 5 Z c 8
© < 2 ] —
5 N 8 D

(V]

(U]

1-19  NSN-A11-2, BRM-D5-6-2, BRM-S1-2-1, PLK-F2-5-4,

PLK-F2-3-1, RET-P3-3-2, PLK-F2-5-2, SRN-T3-1-2,

NSN-A7-1-1, BRM-D5-6-1, RET-P3-3-1, PLK-F2-3-2,  Negative +Y + % - - 4 -

SRN-T3-1-1, PRE-2-1-2-3, PRE-2-2-3-2, PRE-2-1-2-2,

NAN-2-5-2-1, NPT-PT001-03-01-1 and NPT-PT001-

03012 (9 dsolate)
20-25 NPT-RD43-01-1, NPT-RD43-01-2, NPT-RD43-01-3,

NPT-RD43-02-1, NPT-RD43-02-2 and NPT-PT001- Negative  + + - - -4 -
03026 isotate)
26-28  BRM-S1-2-2, PRE-3-3-3-1 and PRE2-2-4-2(1) Negative  + + -+ - ¥ -
__________ B isolate)
29-30  RET-P3-1-2 and PRE-3-2-3-2 (2 isolate) Negative  + + -+ - W
31-38  RET-P3-1-1, PRE-4-4-4-1, PRE-4-4-4-2, PRE2-1-2-1,  Negative  + + - - -+ W

PRE3-3-4-1 (1), PRE2-2-4-2(2), PRE3-2-2-2(1) and
NAN-2-5-2-2 (8 isolate)

V= positive

Y. = negative

*W = weakly positive

4. N1SNAFIUNISN DLSAVBILY DUUAN L3 8

B. gslumae

AINNITNAFDUNISNDLSAVUAUNAIT?

VB0 B. elumae 9dU 38 lolgian wuinneliin
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IndfAunana Tnsusunansunaiugnidoass
Snwarddavnadoriieini seuunadtimauns
WUTALIU @DAARBIAUTIEITUTDI YN INTHAY
33 (2562) TuvaizAgannuam (control) 74
ﬁwaﬁuﬁqﬂﬂL%yaLmumﬁﬂqﬂvﬁammﬂwﬁn
nuIMlLLEnIDIN1584L5A

5. Msnageuufizennisnelsavasdauuniilse
B. glumae lud17 20 Wug/anenug

5.1 A15AalsATULI

MsmeUALBwOMSAALsAUBNTD B glumae
U1 W nuatgwug T dneagdunIugs
ANWULATUNIY LALANWULABUTIIAIUNIE WU

I3

WesaneiugiIsnysAsutgaULe 3 anenug
1giun KD105 UBN (33-100%) Wwaylan2 (37-100%)
war FR13A (38-100%) dinuwairaauue (S) 3 aneiug
laun wiieanes (62-100%) DH212 (66-100%)
Wag ANTTUI2 (70-100%) UATANYAULEOULEE
14 a1eWug loun neaiuihiau (76-100%) N33
(voNgua 80) (77-100%) W0Q197 (79-100%)
Wviewila (80-100%) vieuARBIviadl (81-100%)
U199 (86-100%) UNus11U1 (86-100%)
U3713uY3 (92-100%) NU37 (93-100%) 1nilea
duU1ne9 (96-100%) ¥1U1UUI432 (97-100%)
U1INBNNLA105 (97-100%) NU35 (39dn80) (98-
100%) wazntledmyaliilidg (98-100%) Wanis
naaouduluvusadelrduues Ham et al
(2011) G958 U T109 9 wanaszeiv
gaunakazAunIuRelIalnlst AN
TnefifgaunsaneiugAnanadnungdunule
U9EIU (partial resistance) a¥I1NN1SNAFDY
Tnsugnidaluda 100 Wus/anewus Selany
a193us 199 0 Anud1uniuey wvany 5ol

(complete resistance)

60

5.2 N1SAANGFUANUNIABUAUDIADNT
falsn

nuansUgnidie 8 glumae 26 lolwiay
waglddeyarsuiinisnolsadsliannsnaasy
N13NOUAUBIVRINUTUND 20 WuF/aewug U1
Wisuiisudnuasiiuansoenneillulyd luiwy
Y1 NUEAIUNIUES (HR) A1unu (R) uas
Aputnadumu (MR) Feagldfvundudnuay
NNSADUANBIUUAUNIU (R) WULNEatId Ny
ABUTI98DULE (MS) 80UUD (S) LAEBuLeEY
(HS) 1 udnwazNIINOUAUDIUUUB BULD (S)
esandndnunzAeuinsseuue (MS) flddvdl
nsiAnlsnoglutie 33-38% Faunnsneiudn
Snunizgeuwe (S) 0yl 62-70% uazdnuwny

99ULBEY (HS) 88381114 76-100% BE19%ALIU

Y
(%

lunisneaeslifalannwuadlianuugaoudi
g0Ule (MS) Murumdudnvugn1snauaLeMuY
A1UNIU (R) kazd 18 nyNeaauLe (S) uag
gouuags (HS) Muadudnwusnisnouaues
wuugauwe (S) vhlfanunsndangudonunis
movaweINIInelsAuLL 20 Wug iy 4 nqu
(cluster) §ude B. glumae fidnoglunguil 1 1Ty
nguvualvgiign fanuanunsolunisnelsags
WUNITNOUAUDIVDINUTUNAN WAL NTABUAUSY
LuUBauLe (S) e 20 Wuf/aneiiug Usznausie
lolwiani lda1n 2.y35ud fouifn asuns
uATENTTA Mwaylan uns waztu wagnguil 2-4
finseeuausasmeiugintanzluuaeiug
§ anunisneuaus v Us 118 nvaIENIg
MDUAUBILUUBDULD (S) hay NTNDUAUBILUY
Frumu (R) Taenguil 4 Wun1IMoUaUDINUY
fhumu (R) nflan uenaint a.u3sudduiiud

a = dy ! 1 4
ABINNULYD B. glumae 11NN 1 nay wanalos
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W UTIAUNAINNABUALNNTNTLIEA VD
Fouuaiise oAinsnzef classical clustering
WUA 1 cophenetic correlation coefficient
A1 0.739 Wagd ATILUNA 8IS Bray-Curtis
annsouvangy 18isd 4 nqu (Figure 1) fadl
ﬂq'uﬁ 1 91wu 22 lolawan lawn BRM-S1-2-1,
RET-P3-3-1, SRN-T3-1-2, SRN-T3-1-1, NSN-A7-1-1,
PLK-F2-3-1, PLK-F2-5-4, BRM-D5-6-1, PLK-F2-5-2,
NAN-2-5-2-2, PLK-F2-5-2, NST-A11-2, RET-P3-1-2,
RET-P3-1-1, PRE-2-1-2-3, PRE-2-1-2-2, PRE-3-3-3-1,
PRE-3-3-3-2, PRE-4-4-4-1, PRE-4-4-4-2,
NAN-2-5-2-1 gz MPWS ngaifl 2 dmuau 1 Telawam

1¥uA PRE-2-2-3-2 ngudi 3 9119 2 leoluian

1N RET-P3-3-2 way BRM-D5-6-2 wagnquil 4
1w 1 Telaian lawn BRM-S1-2-2 (Figure 1)
HAN133ANAUT D B. glumae AMNUBYA
NIREUALBIWBNIINBLIAUWYIY 20 Wug/aenug
= dﬁll 2(; v
IINMIANLIYIwanANUL G aUlunS I b lulan
NaaaU wazyliaiunsaidanlaluanaiknuann
wiazng uu1bglun1sUsTIduAUATUNIUYY
WugUlusuianla wonanid Teyavilads
anunsainluldlunsimuganugiussuliiey
o % U = U % & vV Yo
dmsunisAaasnuazUsuuganug 91 v g
FABUEA1UNIULUUNT 19 (broad spectrum
disease resistance) #815A539 ML NLANINNLTD

B. glumae lapegnafiuss@nsnmlueuinn

BRM-S1-2-1 =
RET-P3-3-1
SRN-T3-1-2
SRN-T3-1-1
NSN-A7-1-1
PLK-F2-3-1
PLK-F2-5-4
BRM-D5-6-1
PLK-F2-3-2

b Group 1

RET-P3-1-2
RET-P3-1-1

PRE-4-4-4-2

NAN-2-5-2-1
MPWS -
PRE-2-2-3-2 = Group2

| RET-P3-3-2 . 3
| BRM-D5-6-2 }‘ Group

0.3 0.4 0.5 0.6 0.7

Coefficient

BRM-§1-2-2 J= Group 4

0.8 0.9 1.0

Figure 1 Clustering of 26 B. glumae isolates based on resistant (R = 1) and susceptible (S = 0)

responses of 20 rice varieties/lines to sheath rot disease, using Bray-Curtis analysis in

PAST4.10
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dyUnan1Inaasg

I3

1NNNSUTZUNTROUAUDIVDIANUWUS

9

$19819 9 Aenisnelsnrenide B. gumae lu
anmlsadou Wngldidoanudalufiuiisns
voauszinalng ylvdudulddmuide
B. glumae finelsaludnilu 2.uasUgu fiwajlan
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Identification of Yanagi Mushroom (Cyclocybe spp.) Using Morphological
Characteristics and ITS Region Sequences
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ABSTRACT

The Yanagi mushroom (Cyclocybe spp.) is one of the important mushrooms widely
cultivated. Species identification of this mushroom in Thailand was confused. The objective of
this research was to investigate morphological characteristics and identify ITS region sequences
of Yanagi mushroom strains for correct identification. Nineteen strains of Yanagi mushrooms were
collected from 10 different locations for the study. The results revealed that 18 strains showed
brown or light brown to cream on the cap, cylindrical stalk, and off-white surface. After the cap
was open, the partial veil was quite short seeming like C. cylindracea. While the Yanagi mushroom
strain Yall was different, the cap color was brown to dark brown with tiny white scales, the stalk
was cylindrical, the surface was light brown, and the partial veil was thicker and larger, seeming like
C. chaxingu. Furthermore, the nucleotide sequence analysis of the ITS region and phylogenetic
analysis separated 19 Yanagi mushroom strains into two groups according to the morphological
study. Thus, the identification of the Yanagi mushroom using both morphological characteristics
and ITS region sequences was an accurate and efficacious method for use in the species

identification of this mushroom in Thailand.

Keywords: identification; Yanagi mushroom; morphology; ITS region sequences
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Table 1 Sources of nine-teen strains of Yanagi mushroom (Cyclocybe spp.) used in this study

No. Sample code Source of sample Type of sample Type of culture
1 Ya01 T™CCY Mother culture DOA culture service
2 Ya02 TMCC Mother culture DOA culture service
3 Ya03 TMCC Mother culture Culture collection
4 Ya06 TMCC Mother culture Culture collection
5 Ya07 TMCC Mother culture Culture collection
6 Ya08 TMCC Mother culture Culture collection
7 Ya09 TMCC Mother culture Culture collection
8 Yal0 TMCC Mother culture Culture collection
9 Yall TMCC Mother culture Culture collection
10 Yal2 Buriram province Mother culture Commercial strain
11 Yal3 Sakon Nakhon province Mother culture Commercial strain
12 Yalb Lat Krabang, Bangkok Fruiting body Commercial strain
13 Yalé Pathum Thani province Fruiting body Commercial strain
14 Yal7 Buriram province Sorghum master culture  Commercial strain
15 Yal8 Thanyaburi, Pathum Thani province Fruiting body Commercial strain
16 Yal9 Phitsanulok province Fruiting body Commercial strain
17 Ya20 Bangkok Fruiting body Commercial strain
18 Ya2l Sri Mueang market, Ratchaburi province Fruiting body Commercial strain
19 Ya26 Si Sa Ket province Sorghum master culture  Commercial strain

Y Thailand mushroom culture collection
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Table 2 Nucleotide sequences downloaded from GenBank, NCBI online database

Name Strain Location GenBank accession no.
Cyclocybe aegerita AAE-3 Germany MN306174
Cyclocybe aegerita CBS 127.88 Germany MN306175
Cyclocybe aegerita IHI536 Germany MN306186
Cyclocybe chaxingu IHI392 India MN306184
Cyclocybe chaxingu AS-1 China KT148848
Cyclocybe cylindracea Ag0906 China HQ619845
Cyclocybe cylindracea Baicha China KT148853
Cyclocybe cylindracea NAAS03938 Republic of Korea ~ KP004974
Cyclocybe parasitica ICMP 11668 New Zealand MN306189
Cyclocybe parasitica ICMP 16333 New Zealand MN306190
Cyclocybe salicacicola YAASMO711 China HQ384310
Cyclocybe salicacicola YAASMO0964 China HQ384313
Hebeloma crustuliniforme JMP0100 USA EU819469

(Outgroup)
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C. cylindracea

C. chaxingu

Figure 1 Morphological characteristics of Yanagi mushroom, C. cylindracea; (A) Cap before

opening; (B) Stalk length and color; (C) Cap after opening; (D) Spore size 4-5x8-9 pm; C.

chaxingu; (E) Cap before opening with white color of tiny scales; (F) Stalk length and

color; (G) Cap after opening; and (H) Spore size 5-6x8-10 um
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LN@LUﬁEJUW]EJUﬂ'NiIﬂaWEJﬂaﬂﬂ‘Ua']WUu’JﬂaIalV]ﬂ
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Tugutaya GenBank Wudn UTvIad ITS VoLV
81u17 18 arewug lawn Yaol, Ya02, Ya03,
Ya0e, Ya07, Ya08, Ya09, Yal0, YalZ2, Yal3, Yal>,
Yale6, Yal7, Yal8, Yal9, Ya20, Ya2l wag Yaz6
fiaauiirdlelnaraisadeiu C cylindracea

TAgd AINULNL DU 99.84-100% Az MINU
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C. cylindracea (GenBank no. KT148853 i@y
KPO04974) 3Nnfig dau Yall fidviutiandlelng
AANEAGIAU C. chaxineu aeilnaiuilou 100%
LaEMTIA U C chaxingu (GenBank no. KT148848)
1nilga (Table 4) WeiSsuifisusmiuiiiaana
Cyclocybe Tugnutaya GenBank Lazfiogeuan
nauANY WU uHuTuAnIAAELTLETNS
FIWUINITUTLIU TS @unsnadtunvile (species)
Yot nana Glogybe e Tk nauns 18
aneiugaanantuiaudunusinddadu

C. cylindracea wagiingunIaneug Yall i

ANUFURUSINATANY C. chaxingu 8819TALAU
(Figure 2) wanglsmiiuan anuilamalolnausion
ITS dAnuaenAd 03 uNITIATIMUNLTNEIUT
MgENWUENFUIWIME lagTon153uunuin
Arewmatan1afluanalsenauiudnyaeng
duguingd a1usadudurinueningIuil
1#usiugn Fsfoyamardannsaldidugudoya

[

Tun1s5usdeus iiauazldiduaiewusd

3

i a

81984 (reference stain) dMTUAUITIVTINGD

WudwiaunaUszmelngls

Table 3 Morphological characteristics of 19 strains of Yanagi mushroom (Cyclocybe spp.)

Species Pileus Stalk length and Partial Spore
diameter veil
C. cylindracea; 10-75 mm 40-175 x 4-10 mm, Short, Size 4-5%8-9 um,
Ya01, Ya02, Ya03, diameter, cylindrical, surface  thick honey to brown
surface pale off-white color, ovoid, thin-
Ya06, Ya07, Ya08,
lich (L h
Y09, Yal0, Yal2, brown or light walled, smoot
Yal3, Yals, Yalé, brown to cream,
smooth
Yal7, Yal8, Yal9,
Ya20, Ya2l, Ya26
C. chaxingu, 10-65 mm 45-155x4-12 mm, Large, Size 5-6x8-10 um,
Yall diameter, cylindrical, surface  thick brown color, ovoid,

surface pale brown light brown

to dark brown, white

color of tiny scales

thin-walled, smooth

ANSANYIAMUAUNUT NI TRIUINITVD
A aAaa A & o & Ao w =3
dadiddindodudeyanuguidiAylun1sAny
AUNAINNAYNIITININ LALLRNILLY B0
YUIA YN EIUTAUTUA AR VAN INLIAR O

n1eiaingrlugdnianig o lngwinana

Cyclocybe iNA dnwaen1IadugIuINeILay
a a U d‘ t:ll ¥
A5INUNUS N UAuUaINUANNAG 81
(Wang et al,, 2022) nstdarnuilandlalng
Usa ITS adueIaesunebueuisianiivie

Tn1sdaduunuazszysiaiine uininisiiu
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ausnwaziluaneiugnianisilulszmelngli
TAMULLUT1UINT VU UBNANT TINUNIT Y
o v a = & a = ¢ ]
anuihealelvdusiiadu o lunisdnwanaiin
a = 1 Y o U a = L3
Y1UNIVDIUTENAIY WU NS AR URIAA o Ine
U5 1784 mitochondrial small-subunit (mtSSU)

saufu TS lumsdasuuniia Agrocybe aegerita

s

LLazmaﬂ’uqqﬂmau (Chen et al,, 2012) wagns
Tda1auidandlalng usiam nuclear large
ribosomal subunit (nrLSU) s auaAu ITS Tunns
Fmunuazszydefinvdalua (new species)

voslan Ao Agrocybe striatipes (Li et al., 2023)

Table 4 Result from the BLAST analysis based on ITS sequences obtained from 19 strains of

Yanagi mushroom. The most similar sequences from NCBI are represented by their

accession number. Species identification was done at sequence higher than 99%

Strain GenBank accession no. %ldentity Consensus species identification
(GenBank accession no.)
Ya01 PX463979 100 C. cylindracea (KT148853)
Ya02 PX463980 99.84 C. cylindracea (KP004974)
Ya03 PX463981 100 C. cylindracea (KP004974)
Ya06 PX463982 100 C. cylindracea (KT148853)
Ya07 PX463983 99.84 C. cylindracea (KP004974)
Ya08 PX463984 100 C. cylindracea (KT148853)
Ya09 PX463985 100 C. cylindracea (KT148853)
Yal0 PX463986 100 C. cylindracea (KT148853)
Yall PX463997 100 C. chaxingu (KT148848)
Yal2 PX463987 99.86 C. cylindracea (KT148858)
Yal3 PX463988 100 C. cylindracea (KT148853)
Yal5 PX463989 100 C. cylindracea (KP004974)
Yal6 PX463990 100 C. cylindracea (KT148853)
Yal7 PX463991 100 C. cylindracea (KP004974)
Yal8 PX463992 100 C. cylindracea (KP004974)
Yal9 PX463993 100 C. cylindracea (KP004974)
Ya20 PX463994 100 C. cylindracea (KT148853)
Ya2l PX463996 100 C. cylindracea (HQ619845)
Ya26 PX463995 100 C. cylindracea (KT148853)
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PX463996 Ya21

Cyclocybe cylindracea HQ619845
Cyclocybe cylindracea KT 148853
Cyclocybe cylindracea KP004974

PX463995 Yaz2é
PX463994 Ya20
PX463993 Ya19
PX463992 Ya18
PX463991 Ya17
PX4639920 Ya1é
{ PX463989 Ya15
PX463987 Ya12
PX463985 Ya09
PX463983 Ya07
PX463981 Ya03
PX463979 Ya01
PX463980 Ya02
PX463982 Ya06
PX463984 Ya0B

|| PX463986 Ya10
PX463988 Ya13

85

~ Cyclocybe chaxingu IHI392

0.050

wo | PX463997 Ya11
95 | Cyclocybe chaxingu KT148848

Cyclocybe parasitica ICMP16333

gu{::yclocybe parasitica ICMP11668

Cyclocybe salicacicola HQ384310

Cyclocybe salicacicola HQ384313
Cyclocybe aegerita MN306186
g | Cyclocybe aegerita MN306174
Cyclocybe aegerita MN306175

Hebeloma crustuliniforme EU819469

Figure 2 Neighbor-joining phylogenetic tree showing the relationships of 19 strains of Cyclocybe spp. in

this study compared to 12 samples of Cyclocybe spp. from GenBank data of NCBI

dyUnan1Inaasg

miizwﬁmauﬁmmuﬁ (Gclocybe spp.)
Tudsenelng 19 arenug nelddnuwuenig
duguinewazdeyadduilindlolnduiiom
TS wu31 ausadnduunlaidu 2 via fe
1) C. cylindracea 18 maﬁ’uﬁ: ke 2) C. chaxingu
1 gneiug wansliiiuinnisduunednine i
AIEANYULNINFUFIUTNGI1V0INDNLTAKAE

wadans¥iluanaiaiuasnnaeeiu Yaya

euiealonausiia ITS anunsabitdumdue
UilanLilodnsuunsdavenineudlaotis
Faau nsszryriaventneuilagliioandis
fanansuduvilinsuenydaveaine1und

Tudseinalvedinnugndes

AUBUAN

V8 UAMEINNUAMENTTUNTE AT
Wenmans Iy waruinnIsy (@anad.) Natuayu

uUszanadlunisive

Thai Agricultural Research Journal Vol. 44 No. 1 January - April 2026 73



LBNE15919D4

3091 Andlusina sudng Susen 373 dulsatl nsdl
AINeS wazsuInTel e 2568 MSAUTIUTIM
wazAndenaneudiineu i (Agrocybe gylindracea)
i el Tunsiwe WIEEW UG, Journal of Agricultural
Research and Communications. 41(1): 11-22.

DT WINW AN, 2536. Agrocybe oylinaracea ATCCHI0228
Wind Adinainneslsafie 9. 9maslsativuay
RTVINGT. 3(3): 20.

Callac, P, J. Guinberteau, C. Ferandon and G. Barroso.
2011. An Asian commercial strain of Agrocybe
chaxingu and a European wild strain of Agrocybe
cylindracea exhibiting morphological difference
and high genetic divergence are interfertile. pp.
113-122. In: Proceedings of the 7" International
Conference on Mushroom Biology and Mushroom
Products. Institut National de Recherche Agronomique
(INRA), Arcachon.

Chen, W.M., H.M. Chai, H.M. Zhou, G.T. Tian, S.H. Li
and Y.C. Zhao. 2012. Phylogenetic analysis of
the Agrocybe aegerita multispecies complex in
Southwest China inferred from ITS and mtSSU
rDNA sequences and mating tests. Annals of
Microbiology. 62(4): 1791-1801.

Fraslev, T.G., T.S. Jeppesen, T. Laessge and R. Kjgller.
2007. Molecular phylogenetics and delimitation
of species in Cortinarius section Calochroi
(Basidiomycota, Agaricales) in Europe. Molecular
Phylogenetics and Evolution. 44(1): 217-227.

Gawel, N.J. and R.L. Jarret. 1991. A modified CTAB
DNA extraction procedure for Musa and [pomoea.
Plant Molecular Biology Reporter. 9(3): 262-266.

Li, J. W. Yang, J. Ren, B. Cao, X. Zhu, L. Lin, W. Ye and
R. Zhao. 2023. A new species Agrocybe striatipes,
also a newly commercially cultivated mushroom
with highly nutritional and healthy values.
Journal of Fungi. 9(3): 383.

74

Liu, Q.M., H.Y. Song, R.X. Chen, M.H. Chen, Z.J. Zhai,
J.P. Zhou, Y. Gao and D.M. Hu. 2021. Species
concept of Cyclogybe chaxingu, an edible mushroom
cultivated in China. Mycosystema. 40(5): 981-991.

Mitchell, J.I. and A. Zuccaro. 2006. Sequences, the
environment and fungi. Mycologist 20(2): 62-74.

Niveiro, N., M. Uhart and E. Alberto. 2020. Revision of the
genera Agrocybe and Cyclocybe (Strophariaceae,
Agaricales, Basidiomycota) in Argentina. Rodriguésia.
71: €02272018.2020.

Tamura, K., G. Stecher and S. Kumar. 2021. MEGA11:
Molecular evolutionary genetics analysis version 11.
Molecular Biology and Evolution. 38(7): 3022-3027.

Thompson, J.D., D.G. Higgins and T.J. Gibson. 1994.
Clustal W: Improving the sensitivity of progressive
multiple sequence alignment through sequence
weighting, position-specific gap penalties and
weight matrix choice. Nucleic Acids Research.
22(22): 4673-4680.

Uhart, M. and E. Alberto. 2007. Morphologic characterization
of Agrocybe cylindracea (Basidiomycetes, Agaricales)
from America, Europe and Asia. Scientia Fungorum.
24: 9-18.

Vizzini, A., C. Angelini and E. Ercole. 2014 Le sezioni
Velatae e Aporus di Agrocybe sottogenere Aporus:
rivalutazione del genere Cyclocybe Velen. ed
una nuova specie. Bolletino della Associazione
Micologica ed Ecologica Romana. 92(2): 21-38.

Waneg, L., Q. Zhou and L. Li. 2022. Analysis of Phylogeny
of Agrocybe Genus Based on Nucleotide Database
in NCBI. bioRxiv. Available at: https://doi.org/10.1101/
2022.07.27.501799. Accessed: October 11, 2025.

White, T.J., T. Bruns, S. Lee and J. Taylor. 1990.
Amplification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. pp.
315-322. In: PCR protocols: A guide to methods
and applications, M.A. Innis, D.H. Gelfand, J.J.
Sninsky, T.J. White (eds). Academic, San Dieg.

M3E9NNERT 07 44 aguf 1 ¥n9AN - LWEPU 2569



nszAEaEiundInINIINURRNINAFMSUUI TN ML UNGS

Biodegradable Laminated Paper from Cocoa Pod Husk for Bakery Containers
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ABSTRACT

Paper derived from cocoa pod husk generally exhibits limited mechanical durability. This
research investigates the use of cocoa pod husk, a waste material, to produce disposable
paperboard containers for bakery products. The chemical pulping process utilized sodium
hydroxide-anthraquinone (SAQ) for pulping cocoa pod husks. The resulting cocoa pod husk pulp,
referred to as SAQ5, displayed the best overall properties for paper production. The characteristics
of the SAQ5 pulp included a yield of 77.87+2.57%, a kappa number of 26.0+0.1, a lignin content
of 3.38+0.01%, and a freeness of 802.67+63.79 CSF. Subsequently, modified starch was added to
the paper as a binding material. The paper produced, known as pulp 10 ¢ and modified starch
0.25 g, exhibited the best overall properties for paper formation. The paper had an air permeability
of 12.6+3.3 Pa-s/m, and a basis weight of 67.33+12.92 ¢/m2. Laminating paper with polybutylene
adipate-co-terephthalate (PBAT) film improved its resistance to water and oil. Among the samples
tested, the paper laminate (PBAT 4-layer/paper/PBAT 4d-layer) exhibited improved resistance to
water and oil. It had a basis weight of 119.70+7.94 ¢/m? and a density of 1.40+0.20 ¢/cm3. When
formed into containers for bakery products, such as sausage and mayonnaise-filled bread, butter
cake, almond mixed butter cookies, and milk-flavored croissants, demonstrated resistance to fats

and oils after 180 minutes.

Keywords: bakery products; cocoa pod husk; paper; packaging; polybutylene adipate-co-terephthalate
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WAe 1 ey 31UaaninlNasyie 10 AU @ LA
wWaenlnlnldlahunleusslesd iiadgymiaiu

P o v fu
nauLaTLIAIsTUNIUY N5 lgUselevddndu
N133AN1SAAUTEENTAIN (Murray et al., 2021)
vaaninlnatuisaviuntd Uselewd Ty
9RAVNTINVUIALANLAZIUIANGI LTUY N5
nanduo1misidesdnd nsadnansdrAaiite
ilUldlugaannssueinis nmsudnde 1udu
(Oddoye et al, 2012) wonaNiEanunTaLisyae
YRAUFBNNINAWATAITNITINN WENE 1ol way
WWANEnd (Murray et al., 2021; Vandenberghe
et al, 2022) n1svuuamdunsEa1y Wuln
fUsunanvaglaggs 34% USuudniudesnin
30% warUSunani1fnen (Lu et al, 2018) wAng
nannseaulagldudanlnlngenaadn1snaun
A vy ) 1%
wislipaunwmngauiunislda

nszaulaeialuidedes Ao Wulani
| L 8 A A H .
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(polybutylene adipate-co-terephthalate, PBAT)

v a
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PBRS) Ll uAY dmsunatafindinim PRAT Satdu
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ANSHATUNTLATWLALNANAR NLU N8N UL
VESUANURAARS9TU IR 8nNTEUIUN1SHET1LT
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(TAPPI T460 om-02) 4) 11wiinsasg1u (TAPPI
T410 om-08) 5) AUUNIAIN (ISO 2470-1: 2016)

6) AUTIULES (SO 2471: 2008) mﬂﬁ?uﬁaﬂﬂizmw
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nlvaniRnngaielfduiandauszneu/ a0
(composite) AIINAERNTININ
4. MIaNAUANANFRNT NN
Wi ANA1ER NTN W PBAT ¥u1naaay
auUFnounsvusUnatain (Frwau 3 1) laun
1) AUV 2) FAVREUWD kay 3) §RTINTT
nasulnaveanata@dn (melt flow rate) 3NNy
FuzuaenszuIunsaasakuullne (blown film
extrusion) (TPBI Public Co., Ltd, Thailand) %24
9N 1iane (die) 3 lwu fia 116 115 wag
115%. AU Uaed g amniivesanging (screw
feed) 3 Tgu Ao 120 120 wag 120%. MINEIAU
< = =
AINULT IVBILNA INUDU (screw) 40 RU/UY
NAADUANY A UDINAAR NG 1AW PBAT 1o 1A
1) audAmana way 2) auiAnunenn nautinly
AR
Y Adaaa =
AR NNIsHITNAN anluN1sTUIUNTEAY
1NTD 3 ATLUAR WWAERNTININ PBAT 119049
AIUYBINTEATY AIENTEUIMITUFULUUNAS AT U
(hot compression moulding) (TPBI Public Co., Ltd,
Thailand) N1gaumil 150°%. Ws3diu 4.14 winglaea
1Wuan 8 W MALAUNITNARBILUU CRD 3 91 5
aa o dy
A59370 9l
N5IA5N 1 NszAUanlnlA ki andwananamn
Fanm (CO: YARIUAL)
A A A v a a
N55I57 2 nsEm1wsUa anlnlnand iunnandin
W 4 U (C1: PBAT 2 Fu/nseany/
PBAT 2 %1)
A A A v a a
N55II57 3 nsEm1wsUa anlnlnand iuanandin
N 6 T (C2: PBAT 3 F/nseany/
PBAT 3 1)

751357 4 nszawUd onlnldand iuanatadn
a8 1 (C3: PRAT 4 4u/nseant/
PRAT 4 1)
N75I357 5 nszawUd onlnldand iuananadn
Fanw 10 Hu (Ca: PBAT 5 Say/nszen/
PBAT 5 1)
NAFBUANU A VBINTEANYAL LUAA 1Y
wanaRndanw PBAT I¢un 1) dnminunmsgiu
(TAPPI T410 om-08) 2) AINURUILUY 3) AUV
379 (1SO 2470-1: 2016) 4) ANUTIUWEN (SO 2471:
2008) wa 5) mmﬁmmaﬁwzq (ISO 3036: 2013)
rntudndennssisianarusUduuss st
NAFDUNISIUN UNE A Ui Lubnes tne
‘ﬁlugﬂl,ﬂUQWSUUSUﬁ’ﬂuEULLUU‘MUﬂS%@W‘HY;’JﬁJ
nsrUIUMsTugULUUNRS USRI AR A Tian
lUnegounuUsTnNa nauiLuLnes 4 Useiam
I¢un wunta én Gafe/mni waswie T3 Guine
(2022) $78UNSANYINNUITEAN 37 15813
vilandn daifn1sisegean ¢ suduusn lng

[ a [ '3

ALA BNNA A U9 LULNDI N9 U U "Wdz AN

¥
v a

#o nall auuddldnsenunvosua Unwmeasian And

e

\enaY Saveus waraiwewisauy ¥ 3 91 Tag
NINAANUILUNDIUUNTUE USINVIPEB U BIR DY
dudnauuenaind ssuniusie nfaduiiuden
ol Evosiet 1maaeua suly wasedned
raaiaefisme dunansturuveduiulas
ﬁwﬁmaam%usmnmzmw (INMSUBATAUA A
Wan usseaunisTusuveslusiunazing sy
MUY 3 SR Ao 0=lINU 1=NUATIUNERUINE I
2=wupmuEaWIT U NeSdudatun )
1719 30 117 AuATUA 180 W17 AINTAALATIE

AUNUNITNARUTIY
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JAT1EANULUSUSIULaLLUS s UL U
| ' . ¥ s a
AULANA19VDIAILRE 8A28 Tukey’s test 9

sefuAILTasiu 95% (p<0.05)

NANISNAAILAZ IS

a 4 s =
1. MIUATIENTILELBAUTENIUNUAL
1As9as 19U UARNlNtAWN ANaIveny
100 500 k&g 1,000 1 WU NuRveaUdantain
a 1 ° 1
fsesuanlyauiaus lausingingu (porous)
dulegaAndunuwmnzdmiuduianaiuly
nsHAsLEe (Figure la-10) 5MNUUTENBUAIEETA)
MUY (C) 47.31% uazoandiau (0) 46.20%

WussdAusznaundnuesgaglad grevinle

lassasrndulowdswswazdvylansandaidl

— 46.20%

— 47.30%

asAUsEnavveteandudulegaduinlaiia
wusglalasiauganigseninadule awnsatugy
WJunseanwls (Daud et al., 2014) (Figure 1d)
TnalAeany Cordova et al. (2020) 1571897141 U
519 C 50.60% Uaz O 46.60% dIUNAIATIZN
s a = ¥ ¥ o [}
papUsenauMLATivaaUdaninlAnAsdInsunis
NARLEDNTTATWTIDIAUTTNDUMANUSTEUUR
Wasruvaaddanlaln yilinsiuienisavanelu
asazangvtingnee 1wu n1sazagluiniou uag
loieulansenlon 1% saudsuSuuaniuiiie
[~ a a
Wuwwmnalunismanigimansaulunsuan
a a av v o oA
e wavUSuiawaglaadlaainnisannie
(suflgnazmey, 2554) (Table 1)

Spectrum 1

12 14 16 18

Figure 1 FESEM image (a) x100 (b) x500 (c) x1000 and EDS image (d) of cocoa pod husk for producing

paper pulp
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Table 1 Solubility and chemical composition

of cocoa pod husk for producing paper pulp

Solubility and structural

Amount

Standard test methods

component (% w/w, dry weight)
Hot water solubles 44.8
19%NaOH solubles 68.1
Pentosan 24
Lignin 20.1
Holocellulose 58.8
Alpha-cellulose 35.8
Beta-cellulose 10.2
Gramma-cellulose 12.8

TAPPI' T 207 cm-08
TAPPI T 212 om-08
TAPPI T 223 cm-10
TAPPI T 222 om-15
Isolation of chlorite holocellulose in TAPPI SECTION
TAPPI T 203 cm-09
TAPPI T 203 cm-09
TAPPI T 203 cm-09

TAPPI T = Technical Association of the Pulp and Paper Industry test methods

2. Msuangaannaaninla
n1sauialdeninlnlugns SAQL dana
ponsiUdvuLUasAn pH ogeliiud Aty (p<0.05)
(Table 2) \Wpsnnsldgamaiin 140°. 1 60 U
wazds unaanslad sulansenlos -waunsal Tuu
Ao v v a aaa a '
g danalinszuiunisiinujisenaiissning
anslathsulansonlon-kouns A luunglunisay
Auwasnlnlniinfuegsauysal n1sldluney
lonsonles warkouns1AILUlUNTZUIUNISHER
= | a a a A avyy
W aY8anTTeLIaN kasiuUSINaNaNAnLE a7 1o
(Mannai et al., 2017) @3UaN5HoUNI A3 LU FUUR
Tunsiiugnsnsgaduresasazaneinluly
A oA | a A I3
v any waztrsanusunaluieulansenlas
AmSunasLEe (sudlduazmny, 2554)
AMUTUYDNED (Moisture content) 31N
\WWaraenlnli 2 gnsusn (SAQL uag SAQ2) ag
YN8 9.89+3.48 LAY 9.60+2.97% HINI1GAT
A A v A a &
duq Wesnmsliusunalavulansenlunuay
SrerlIataundt dgnsnivae (SAQ3-SAQ12)
AIAINYUBETENTIN 10.52+2.66-14.36+2.90%
IngUnduandenaialadedanuiiuegsening

10-15% FUTUAIAMUFUANUZAUWLANITUILED

7o lundmdunszarwi oligaunind dees
Yy A A & i
N3eATY Wit EalANUTUIINNT 15% NTeany

[y

fndnlfazdnaunindi iesnnidulearusiu
LUUMAILY nTEATHAansaatesa b1y
(Akpabio et al,, 2012) dwiugaumiiuayyusunu
Towieulensanledqldlunisdudedudade
ddnyfidmarenandnideodils lnsgns SAQs 19
USinamanasiagaan Ae 77.87+257% 509851
A® SAQ3 wag SAQ7 HA1 77.73+11.39 uay
77.462£9.46% MANU WA LLLANAIA U (p>0.05)
agefdod1dnieadf (Table 2) dmsuided
lanursavdundals (%Rejects) HU5uud
Wogsn Aesndn 1% vngns ludwwanans
wAndevesgns SAQS
dusuarAUUTNveTazszauaniuy
v9a19gn3 SAQS fiAAgR Ao 26.0+0.1 Uaz
3.38+0.01% MINSINU AIUANINAITITUIEN
(freeness) Usuonnisszuneinvede (drainage)
wut Hages SAQS Hananmnssrueingegn
7l 802.67+63.79 Troaien A111303TUIEUIN
avunsebannarldiardesdmiut unounis

= = d' [ 1 A a
L(ﬂiEJlI‘U‘LlE‘ULEJ@LUMLLNHﬂi%W]‘H LIBNATEUIAINU
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[ |

q

=Y

Y 9

AuATUNSNEMED WUIT L eanT SAQS Tinanan

\Wogaan yaudaudmsne laud enuiueglugis

MANLAUFNTUNSHAANTE AN ANPUUNTUWUDS

hazIEAUVRIA Nt UlUSEAUMT hazANINNNS

eEATMEIREK!

[
v v =

= ax o oA
ANUU ALADNITAITANALEY 'E]Ej]fﬂﬁ

SAQ5 (TaeldTaiaeulansanlas 20 (%lae

U1Un/USU195) haunsIAiItuy 0.1 (%lae

Svin/aimiin) Meamindl 140°. 1uan 60
Y17) (Table 2)

Y

Table 2 Physical and chemical properties of pulps produced from cocoa husk

Production pH of pulping Moisture Pulp yield Reject Kappa Lignin level
Freeness (CSF)
process liquor content (%) (%) (%) number (%)

SAQ1 11.64+0.05 a 9.89+3.48 a 74.34+5.80 a 0.20+0.15 a 26.0+0.5 h 3.38+0.07 h 752.33+£55.54 ab
SAQ2 11.37+0.03 cd 9.60+2.97 a 70.96+7.14 a 0.05+0.06 a 26.2+0.2 h 3.41+0.02 h 622.00+16.64 ¢
SAQ3 11.46+0.01 b 10.52+2.66 a 77.73+11.39 a 0.25+0.03 a 31.8+0.2 ef 4.13+0.03 ef 712.67+60.30 abc
SAQ4 11.45+0.03 b 10.34+2.35 a 72.08+11.18 a 0.24+0.04 a 33.6+0.4 d 4.37+0.05d 711.67+48.95 abc
SAQ5 11.46+0.02 b 14.46+£3.52 a 77.87+2.57 a 0.16+0.02 a 26.0+0.1 h 3.38+0.01 h 802.67+£63.79 a
SAQ6 11.42+0.01 bc 13.81+£3.21 a 74.08+2.00 a 0.21+0.23 a 30.9+0.1 ¢ 4.02+0.01 g 695.00+34.39 abc
SAQT7 11.41+0.03 bc 14.44+3.83 a 77.46+9.46 a 0.34+0.20 a 35.4+0.4 c 4.60+0.05 ¢ 761.33+45.61 ab
SAQ8 11.38+0.01 cd 14.02+2.54 a 62.04+2.51 a 0.26+0.24 a 32.1+0.4 e 4.17+0.05 e 718.33+40.81 abc
SAQ9 11.34+0.00 d 14.50+2.56 a 69.11+1.63 a 0.28+0.15 a 38.9+0.3 a 5.06+0.05 a 711.00+70.77 abc
SAQ10 11.35+0.00 cd 14.03+2.51 a 66.56+5.22 a 0.09+0.01 a 37.8+0.2 b 4.91+0.02 b 654.00+19.05 bc
SAQ11 11.16+£0.01 e 14.46+£3.41 a 71.84+3.65 a 0.30+0.00 a 31.3+0.3 fg 4.07+0.03 fg 685.33+34.39 abc
SAQ12 11.18+0.06 e 14.36+2.90 a 65.69+3.29 a 0.13+0.01 a 36.0£0.5 ¢ 4.68+0.06 ¢ 663.33+36.86 bc
F-test ** ns ns ns ** ** **
CV (%) 0.186 23.815 7.547 45.617 0.904 0.904 6.117

Means within the column followed by the same letter are not significantly different at 5% level (p>0.05);

**=significant at 1% level (p<0.01); ns=not significant (p>0.05)

3. medugunszmwandeninli
donisnsatedogas SAQS dugy
LHUNTEAMEATTILANANSTY FMensiAnLazlsl
Wnamsadauls wuih aunsatusunseatean
W eordenlnld iduansudauusii o1du
dszaulidule Gadnduldanysal 3 o3
e 1) Bewdentnlf 5 n. amdudiauys 1.5 n.
2) \Bewdenlalf 7 n. amfudiauus 0.5 n. uay
3) 1 e1denlald 10 n. ansuiauys 0.25 n.

(Table 3) dviaUTunuaIUHaNlUUTIUNFITY

82

laanansofuguieiedostusuduukunsenuld
prunsslunstusuiu autRvesnseauiindnls
U A uduoglutag 9.32:0.06-9.76:0.10%
AU UILLUBY TuY19 0.60+0.01-0.66+0.00
n./av.ga UninannsgIurednTznwoglugag
41.55+10.19-67.33+12.92 n./n5.4 39L890A1T
Jusunszarmbaiudentnld 10 n. amsudauds
025 n. Fefiimiinanasgugege uaganuFuv
n15Maves81NARN12.6+3.3 Unaaa. Fundi/u.

Tuedadunszawaniivug
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Table 3 Physical properties of paper sheets produced from pulp of cocoa pod husk

Moisture content Density Air permeability Basis weight
Paper sheet process 5 )
(%) (g/cm®) (Pa.s/m) (g/m?)
Pulp 5 g+starch 1.5 ¢ 9.32+0.06 a 0.60+0.15 a 59.2+14.6 a 41.55+£10.19 b
Pulp 7 g+starch 0.5 ¢ 9.31+0.30 a 0.66+0.05 a 12.0£2.7 b 42.32+6.53 b
Pulp10 g+starch 0.25 ¢ 9.76+0.10 a 0.65+0.01 a 12.6£33 b 67.33+12.92 a
F-test ns ns ** **
CV (%) 1.668 12.471 24.707 19.725

Means within the column followed by the same letter are not significantly different at 5% level (p>0.05);

**=significant at 1% level (p<0.01), ns=not significant (p>0.05)

Table 4 Physical, mechanical and thermal properties of PBAT for laminating with cocoa pod husk

paper
Properties Value Standard/method
PBAT pellets
Density (g/cm?) 1.24 1SO 1183
Melting point (°C) 145 DSC
Melt flow rate (g/10min) 190°C 2.16 kg 4 ISO 1133
PBAT film
Thickness (mm) 0.05 ISO 4593:1993
Tensile strength (MPa) - MD 102 ASTM D882-02
Tensile strength (MPa) - CD 55 ASTM D882-02
Elongation at break (%) - MD 114 ASTM D882-02
Elongation at break (%) - CD 72 ASTM D882-02
Oxygen transmission rate (cm?>/mZ.day) 1,291 ASTM D 3985-17
Water vapor transmission rate (g/m?*/day) 142 ASTM E 398-20
Puncture (J) 0.0148 ASTM F 1306-21
Water contact angle (°) 73.6 ASTM D 5946-04
Diiodomethane contact angle (°) 71.0 ASTM D 5946-04
Surface energy (mN/m) 29.26 ASTM D 5946-04
Polar component (mN/m) 11.02 ASTM D 5946-04
Dispersion component (mN/m) 18.24 ASTM D 5946-04
Surface roughness (um) 0.30 ISO 25178
Transparency (%) at 560 nm 21.88 ASTM D 1746-03
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4. nMsandiiuawana nd I wuunszAUa an
TnlA
3 a Ao va |
Wiananain PBAT 71ld3aauvuuiugs
AVADULMIVBINANARNTILGN UagdnIInIs
asulnaveInadfnin L nuILEIMSUNITHER
WAEA NUUULN UUISLA A laawanaf ni Lo dl
AaNnuaiiananaenn1sTUsU (Table 4) @11150
W ugunanadnlugUiuuvesislaeg 1wsiolil a9
(Figure 2) @uUANI9NIEATN duURLTWIAUAIEnS
a avy =3 & A 6 v
YoanaafnlaannsTuguueUssyna LY
Nudmsunsanfiiunnsganwlaeg1uuuzau

(Table 4) WASNUNURD 29.26 Naat /Al dixane

Mssieusit (polar component)ﬁ'ﬁi"w desan
Wa91uR uR2UsEneUR28 polar component
wu wusezlalasiau Wdudu §adaan polar
component fAnsuandlsifiuindianurauien
Snuaizaduginevesududaliasieg
anuvaaval 2 ¥ia ud th (25%) 73.6° nue
nsdudaveun waylalelelafinui enaaey
Asnusevesnadtldidn 71.0° nulufunay
vatulaa a5y, 2560) UATAINVIVITLUBY
wanafin PBAT fidnwagusingliasiauedien

0.30 lulasiuns danaranisdnfniuianuiingu

o duegn9d (Figure 3)

Figure 2 PBAT pellets for biodegradable plastic (a), blown film production form PBAT (b-c) and

PBAT film (d) with its low melt flow rate, it is ideal for producing plastic with uniformity

throughout the forming process

Figure 3 Surface energy (a), contact angle (b, ¢) micromorphology, polar and dispersion component

(d) and roughness (e) of PBAT film for laminating with cocoa pod husk paper
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ansifordeninld 10 n. ansviauys
0.25 n. Aliantaffigaande 3. lnedhimin
1n35IUFIARlugAsTvnISNERNTE AT A
AnuATunIUnNTslvaveseInias ardiunde
WANAFNTINN PBAT W3iguiieufiuyammuaune
nspUMITUgULUUNeSdoudunssutuns7ile
WIINALATAUTBUNATAINAIARNLAZNTEATY
Foudatuls nszaiildazianuiFoudeuuas
ufausadu wudn awnsaanfiunnszanuiag
warafindinin PBAT aaesduvasnszavld

NNNITUIT (g5 C1-C4) lagmnunuIuuuves

ab a a
b
| I
a .
1 c2 ot ca

Control C

Basis weight (g/m?)
& 5 8 §8 8§ B

=

Sample a

WaNAANIINN PBAT SA1 1.24 n./A5.93 dnA8 83
AU Nabels et al. (2022) na1171 N1Ta1HLUA
NIEATHALNAAANTININ AMIUNUILUUVD
woAesegIYNIN 1.23-1.26 n/auail. wedles
flauansalunssasosiuinduduariiun
Safntunseasldd uargns Ca fdniwin
mmgmuasmmwmLLuuqqqmﬁ 121.56+8.79
N./M3.3thag 1.51+0.20 N./aU.%4. AUAIAU
ogailtidfey (p<0.05) iaisufuynniuan
(Figure 4)

Control C1 cz C3 ca

Sample b

Figure 4 Basis weight (a) and density (b) of PBAT film laminated paper

ANAINNVIIET TLAL AT VLAV
NIEA1EAITLUAAIENAERANTININ PBAT anas
lagnsgarvaniliungns CldaA1gagaegiall
Hodfgy (p<0.05) (Table 5) widlowfinsuoudu
YDINDALLDITAINV AL UNANAIIINANT
Fouuiuvemeaieuiaziy sudswedwes
yilinismzgriuvesanfiuduld demalid
ANMUTULASANAY AIUNITNAADULTIT INE]
WU nsEAETiRS AT RiuARiLTY denals
AL LT agetulude Taanseany
andliungns C3 dA13980 7898911 AB NT¥ATY

Y 9

anfliungns C2 luunneinai (p>0.05) ag1adl

e

YANPUNINEDRA LTLDIINTIIUIUTUVDINANERNT

<

toyazUsngsfidunndnvemataininnnii
ylianuiuussiiunggi wiillemudiuaudu
wanamnassalinnuiuussfiuneagedy (Riley,
2012) usifloifinsuauduresanafinaudssed
ilaAnuinuussfinnzaaias 01aLlosnain
nsazaunufoulusazivinisardiunuin
AUl denasenisvianewusy g eusiodu
voswarafnuaazdurliauudusianasds
dulddmauannssauaniiiungns Ca faifu 39
WennseawaIiliungns C3 dmsunisnaaauniy

a

NAMAUILULNDI 99 NTauURLT9nalaesiu

ho))}

g
=
nan
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Table 5 Optical and mechanical properties of PBAT film laminated paper from cocoa pod pulp

10 g and modified starch 0.25 ¢

Sample Brightness (%) Opacity (%) Puncture (J)
Control 6.12+0.04 d 88.26+0.20 c 0.0056+0.0001 d
C1: PBAT 2 layer/paper/PBAT 2 layer 7.45+0.03 a 97.30+0.18 a 0.0152+0.0002 c
C2: PBAT 3 layer/paper/PBAT 3 layer 7.39+0.00 b 95.90+0.62 b 0.0181+0.0003 a
C3: PBAT 4 layer/paper/PBAT 4 layer 6.64+0.00 ¢ 86.80+0.10 d 0.0182+0.0002 a
Cd: PBAT 5 layer/paper/PBAT 5 layer 6.65+0.00 ¢ 81.90+0.07 e 0.0162+0.0001 b
F-test ** **
CV (%) 0.303 0.257 1.309

Means within the column followed by the same letter are not significantly different at 5% level (p>0.05);

**=significant at 1% level (p<0.01)

MsFumunsTusuveslasiuaiingy
YaansEAvaiiungns C3 %ugmﬂumsuuwﬁag
TusUlUUveIRIUNTEAY WUTT AIUITORTUNIY
MsfurueslusulainuankanSausiuines
Imnaia denawiuly 180 Wil (Table 6) lng
AN IUAY (surface energy) A9 Fards
nagaduiiiveswediueduietaniug demalv
LUFUEE (contact angle) ﬁlﬁﬁm’sﬁ (Choi et al,,
2019) wadiownszdesiulililuanavedluiunie
dfudurululy wazdureanedweildantium
fduut U nwed19ann158unuveslusiy

w3 eunsfuld (Tayeb et al, 2020) agislsfAnny

newhluldanuais msifiunsmaaeuianduda
DINITVBINTEAIWLATNANEAN PBAT Laanns
NAADUNTEAIWIT WUUBINITIIADI LA LA
ONUDA 50 WAL 95% LAz nITAIe ATIEN
mgkialasunlnns-wuaadnlnsiines (GC-
MS) 1l 8915298157 919€1808nu (Zubiaguirre
et al, 2021) wan@A nbgwuUBINITI1aDY LA A
ONUDA 10 LAy 95% NALTAN 3% Wiouly
WALAILASIZAE GC-MS LagILASIERNISHYN
wagsryansludleg1elavaziden (UHPLC-Q-
TOF-MS) 1l vansannatadngeesnlug

87%13 (Wongphan et al., 2025)

Table 6 Effect of bakery products on the fat and oil barrier of paperboard containers (C3)

Product type Bread Cake Biscuits/cookie Pastries
Category Sausage with Butter cake* Almond mixed Milk flavored
mayonnaise filled butter cookies* croissant®

bread*

Fat and oil penetration levels 0

0 0

* Commercial products from convenience stores and specify the ingredients (listed in descending order of percentage)

0 = no penetration observed; 1 = partial penetration or staining observed; 2 = full penetration through the surface
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Y = Ly = = v
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Foliar Application of Calcium-Boron to Increase Production Efficiency and

Reduce the Quality Loss of Irradiated ‘Nam Dok Mai Si Thong’ Mango
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ABSTRACT

Regarding plant quarantine measures, ‘Nam Dok Mai Si Thong’ mango exported to the
United States, Australia, and New Zealand must be treated with gamma irradiation. The irradiation
causes loss of quality in most mangoes at destination markets, with the symptoms of brown skin,
watery flesh, and short shelf life. This research aimed to study treating mangoes with calcium-
boron to increase production efficiency and to reduce loss of quality in irradiated mangoes. The
appropriate concentration of calcium-boron for yield and quality improvement was also
investigated. It was found that foliar spray of calcium-boron at a concentration of 0.5% at 30, 45
and 60 days after flowering produced the highest amount of yields and fruit quality. According to
the effects of calcium-boron on irradiated mangoes, it was found that when they were stored
under 13°C for 28 days for export simulation, irradiated mangoes receiving calcium-boron lost
22.45% of their quality. In contrast, irradiated mangoes without calcium-boron lost 60.34% of their
quality. After that, treating calcium-boron technology was tested in mango planting plots for
export, i.e., the community enterprise of quality mango production for export, Phetchabun, Nakhon
Ratchasima, and Sa Kaeo Provinces. It was found that calcium-boron could increase production
efficiency for farmers, with high yields up to 1,292 kg/rai, higher than the current method by 19.09%
(16,569 baht/rai). This research revealed that treating mangoes with calcium-boron improved

production efficiency and could reduce loss of quality in irradiated mango, and creates the
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opportunity for export markets to the countries
using the plant quarantine measures by irradiation

in the future.

Keywords: calcium-boron; production efficiency;,
quality loss; Nam Dok Mai Si Thong mango;
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Table 1 Effect of calcium-boron application on the yield of ‘Nam Dok Mai Si Thong” mango

Fruit weight Yield
Treatment
(9 (kg/rai)
No Ca-B 330 b 1,017 b
Ca-B 0.25% 350 b 1,110 b
Ca-B 0.5% 384 a 1,251 a
F-test * *
CV (%) 12.3 18.3

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

Table 2 Effect of calcium-boron application on the fruit quality of ‘Nam Dok Mai Si Thong” mango

Treatment Peel color Firmness Total soluble solids Titratable acidity Vitamin C
L* a* b* (N) (°Brix) (%) (mg/100 ml)
No Ca-B 7456 434 3245 2412 b 8.34 b 2.38 32.34
Ca-B 0.25% 7345 467 3311 2534 b 9.08 a 2.45 33.98
Ca-B 0.5% 7312 487  33.89 26.98 a 9.94 a 2.50 34.23
F-test ns ns ns * * ns ns
CV (%) 235 123 21.3 18.5 135 17.9 22.1

Means in a column, followed by the same common letter are not significantly different at the 5% level by DMRT
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Table 3 Effects of calcium-boron application on calcium and boron contents in the part of peel

and pulp of ‘Nam Dok Mai Si Thong” mango

Calcium content (mg/kg)

Boron content (mg/kg)

Treatment
Peel Pulp Peel Pulp
No Ca-B 1,343 b 393 b 116 b 6.38 b
Ca-B 0.25% 1,494 b 459 b 125b 7.05b
Ca-B 0.5% 1,986 a 602 a 14.6 a 792 a
F-Test * * * *
CV (%) 23.7 19.5 15.7 17.9

Means in a column, followed by the same common letter are not significantly different at the 5% level by DMRT
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TasunPaLdeuluTaudInali AL Yad JuaNmasiia 23.36 ulaswes Julaluines s

auysal (Figure 2c-d) W oFiaTeaivtnavenils 17.93 lulasiuns wazduniselani 33.85
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At harvest Stored for 28 days
1 4 (a) Weight loss s (e) Fruit firmness
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(<0
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m g
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& 4

31 (d) b* value 0 4 (h) Vitamin C
5 w0 L\Q‘%x%%

a0

o 7 14 21 28 ] 7 14 21 28
—t— No Ca-B Ca-B No Ca-B + gamma irradiation —e— Ca-B + gamma irradiation
Treatment

Figure 1 Effect of calcium-boron application on the fruit quality of irradiated ‘Nam Dok Mai Si Thong’

mango during storage
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Figure 2 Effect of calcium-boron application on the ultrastructure of irradiated ‘Nam Dok Mai Si Thong’

mango during storage
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At harvest Stored for 28 days
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Treatment

Figure 3 Effect of calcium-boron application on cell wall thickness of irradiated ‘Nam Dok Mai Si Thong’

mango during storage
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Table 4 Effect of calcium-boron application on the quality loss of irradiated ‘Nam Dok Mai Si Thong’

mango after storing for 28 days

Days after storage

Treatment

0 7 14 21 28
No Ca-B 0 753 b 12.22 b 17.67 b 29.24 b
Ca-B 0 455 b 9.56 b 1289 b 15.68 b
No Ca-B + Gamma irradiation 0 1033 a 30.34 a 54.46 a 60.34 a
Ca-B + Gamma irradiation 0 6.45 b 14.98 b 18.56 b 2245 b
F-Test * * x* *
CV(%) - 25.3 18.9 22.2 20.2

Means in a column, followed by the same common letter are not significantly different at the 5% level by DMRT
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Table 5 Testing the calcium-boron technology in the ‘Nam Dok Mai Si Thong” mango plantation for

export, by using fruits from each treatment for irradiating and then storing for 28 days

Treatment Yield Quality loss Total cost Benefit
(kg/rai) (%) (Baht) (Baht/rai)
Farmer 1,085 66.23 0 86,782
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nsnauasasinefweaiUluliu Piezo-type mechanosensitive ion channel
homolog (Piezo) wasUseansnnlun1sAnlaananeueAMUAIUNIY
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Development of SNP Marker in Piezo-type Mechanosensitive lon Channel

Homolog (Piezo) Gene and Efficiency Testing of the SNP Marker
in Screening for Heart Rot Disease Resistance in Pineapple
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ABSTRACT
Heart rot disease caused by fungi Phytophthora spp. is a major problem in pineapple

production. This research was conducted to develop a primer set specific for a nonsynonymous
SNP marker in the pineapple Piezo-type mechanosensitive ion channel homolog (Piezo) gene,
S13 8307911, which exhibits nucleotide sequence differences between heart rot disease-resistant
and susceptible varieties. PCR conditions were optimized to detect this SNP marker using tetra-
primer ARMS—-PCR technique. The efficiency of the SNP markers for selecting heart rot disease
resistance was assessed in a hybrid pineapple sample set of 22 lines exhibiting resistance under
natural conditions, using genotype-phenotype concordance as a measure of prediction accuracy.
The results showed that SNP marker S13 8307911, compared with S6 3252739 in the E3 ubiquitin-
protein ligase MED25 binding RING-HZ protein 1 gene and S15_644992 in the Pathogenesis-related
protein-4-like gene, exhibited marker prediction accuracies of 95.5%, 100%, and 81.8%, respectively.
These findings suggest that the identified SNP markers have potential for application in marker-
assisted selection of pineapple varieties resistant to heart rot disease. However, further validation
in larger and genetically diverse populations is necessary to confirm their stability and predictive

performance before implementation in breeding programs.

Keywords: DNA marker; SNP; heart rot disease; pineapple; tetra-primer ARMS-PCR
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2016) avug MD2 wazwug MG3 (Jududysn

v s

AnuaNTINAIINAIYRUS WaLLAeIA Y Ve

v [

NUFBUNITIV AL UTBUNITALAS (Singapore

]
¥

Spanish) Faduitugituiesmunivesussmelne
(313WUE, 2526) wazds189uInnugAnad
AUFUNIUA BLIABRALIN (159 UT, 2526;
Clark and Finn, 2010)
Unidelanereuusuusaiugdulsin
Welinanusumuselsagenl ag9lsinnu
N15UseLiuanwarANUA U Uluan 1nulas
Uandesldssuziiaruiukaglasudninaain
Hadouindon fatiu NsWaLASe WL e

v fw W

AFURNUS AU NBULAUAIUNIUR BT ULUININ

I3

fdnunnlunisiiindseansainnisAndeniug
Tagldinatda marker-assisted selection (MAS)
(Collard and Mackill, 2008)
ATINIWAEANUE (2566) LAILATIERAIAU
a ¢ I3 at o Y  aa .
Tndlelnavedlundulssnaieis genotyping-
by-sequencing (GBS) hag U U Dy aNanIg
FLATIEARUIA UNIAILAUIT BAAINU AN 199D
o U a = L3 1 U 1 Y} L3
arnuiandlolnd szuinadulssang uiug
AIUNIULALNA UWUE 8 oUlas BlsALanL1n
TA8LABNLANIEATLAUIT 1 N15.UE 8 ULUaIvD
Trdlelnavilaua (single nucleotide polymorphism,
SNP) %43 8158n7317 d@1U NI ANULANAI9TENING
naquwuguazidugeluleda ann1sAnnsasny
ANUIIUIUNIN bAZLE BINIITUNBANIL AU
a9y wuu nonsynonymous Mdunsiasuuwlas
Jardlalnandanaliinisilasukiuasnsnaziily
d{' a a a a o o 1
WULAS BIVIUNEALD WDV AANY 91U 14 ALY
Tu 9 8u wWu 8u E3 ubiquitin-protein ligase
MEDZ25 binding RING-HZ2 protein 1 (MBR1)

104

(59a LOC109711953) fisuvusaiiy S6_ 3252739
wazdu Pathogenesis-related protein-4-like (PR-4)
(e LOC109720991) i s safi S15 644992
Fonsaesduilunuminessslunszuiunistiesiu

1sAvaanYy (Duplan and Rivas, 2014; Ali et al,,

al

2018) 1aufin1sWaIUN NS L UDS WAL NIaN1IE T
LANLAUAINSUNITASIVEDULAS 898 dty
S6 3252739 uag S15 644992 fewnaila tetra-
primer amplification refractory mutation system-
polymerase chain (tetra-primer ARMS-PCR) 1&1
& o = a a

YaNANGY g9nuLAs aanuneanuludu
Piezo-type mechanosensitive ion channel homolog
(Piezo) (5%@ LOC109719476) g 140 ud ué
WEITITUNITTUI R BINauarnN1sadayeyn

& =~ ' ~ A

Aeluwas nelils1g9uinenadunuiaules
AUNTLUIUNTHBUAUDIRDANULASIALALNITEYN
o dy =1 v [~1
Matevetdoannglsntuny wiagiduunum
N1980% (Kim and Hyun, 2023) agnelsiniy
UNUIMVBIEU Piezo ABAMUAIUNIULSALDALLN
Tudulzsadelydsigauag1edaau 3y
Uszipunurauladmsun1sAneniuifunaznig

v I3

A =~ o A )
WawesssngluanatialdlunisAndoniug

9

(%
LY

Fetfu uAdedTalstaugalnswesisine
aLns osmuneaduludu Piezo wazmianiieil
WUz and1nsun1InTId@aunuIvAila tetra-
primer ARMS-PCR wonaniUssdiulszans am
yaunInamueaiy 513 8307911 wWisuifiey
Fuies ot e oumin ldun 1S asne
allu S6 3252739 Tudu E3 ubiquitin-protein
ligase MED25 binding RING-HZ protein 1 W&y
S15_ 644992 T8 Pathogenesis-related protein
-4-like
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auUNIalLAZIENS

1. NSAUNNATDINUNBFNU

annfLoweUIdulzIANg TS AUNIY

[

AOLIAYDALLN bR LA WUSDUNTTAVN WaTHUS

]

FUNITALAY wazNgUNUTSouLaRBlIALDALY

o

[y

lewn Wug MD2 wagiug MG3 d@93iasnsiansiu
Hndlelnnvesdlundulssnnie3s GBS uSTn
Novogene (China) (https:/Avwwv.novogene.com/
amea-en) thiayanamsiinTzviaauiledlolna
WA UNIWAY 97 L A1 WA N 19909816
tnalelndszninsdulssanguiugauniuiay
nauNugsouuanalsauanill lagidanianiy
fwndaiuiiduselulefanasdnmuunneig
FEMINNAUNUS MIUTTNTVRITIINTUAT AL
(2566) wavoonuwuulnsiwesdmsuldnsivgou
wSemuneaiufina
2. mysanuuulnswasuasfnuaniisiivanzau
Tun156i 9US U0 L8 uaaA3 ssunea iy
S13 8307911

thdeyaiaiesnuneady S13 8307911
wazarnuiindlelnavesdlunusialndiAesld
THlunsesnwuulnsuesveuas osmuieady
AMTUNINTIEDUABLNATIA tetra-primer ARMS—
PCR Taelglusinsu Primer1 (http:/primerl.soton.
ac.uk/primerl.html)s?;ﬂ 1 FuMIUe9A3 BV
afdUldlnsiwes3uau 4 tdulunisnsiaasu
Usznaunay outer forward primer (OF) outer
reverse primer (OR) inner forward primer (IF)
waz inner reverse primer (IR) 4 Table 1

Anwrannefimunzanlunisfiuusua
fL 8 uLe0IN1IAII9FEULAS paMInBATUA 8
UAnTe1n@e15lnelY GoTag® green master mix

(Promega, USA) TudSinesstanun 20 lulasans

Usgnaunleadulausuna 50 unlunsu 1X
GoTag® green master mix Iwstues OF 0.25
uM Iwsiues OR 0.25 uM lnsiues IF 0.25 M
wazlnsiues IR 0.25 uM Usuusunmsliasusae
dndu maﬁuﬁwmsﬁmﬁmLLa”aLsﬁwméaamUQu
qm%qﬁé’miuﬁﬁ?fﬁa GeneAmp® PCR System
9700 (Applied Biosystems) fiviung My Hlve9
annealing 3 A1 #9f 55 60 waz 65%. Tngld
TUsunsusasialuil predenature 7 95%. 2 Wil
AIUA Y 3 steps cycling 97u7U 35 59U
fsunganndl il denature 7 94°. 40 Fund
annealing 55 60 wag 65°. 40 3undl (flown
9NN annealing finngaw) extension 7 72°9.
30 377l uae final extension 71 72°9. 5 wnfi 1 sou
ATITIATIVLUADWEMeATABIanInsINS Y
Tuognlsalaaltutu 2.5%
3. n1snasauUsEA NS Mnwwaan3 senneaiy
TunmsAndananeazAUATUMUFBLIAYBAIIN
AsIvEeuUsEATEN MY LAI DAy
S13_8307911 newUSeuiflsufiunlosvsneady
2 w3 avine Idun S6 3252739 wag S15_644992
AeLAilA tetra-primer ARMS-PCR Tunsdatden
n3oszyANUAIUMUsialsatanludulesa
gnuavansdnvazimulsalulasugnan
SITNUIR 22 @wAU leawn PB54-028-002, PB54-
028-015, PBB59-009-007, PB59-001-043, PB59-
002-010, PB59-002-017, PB59-003-003, PB59-
003-070, PB59-005-031, PB59-005-056, PB59-
007-021, PB59-007-033, PB59-013-011, PB59-
015-010, PB59-015-036, PB59-020-023, PB59-
020-104, PB59-025-010, PB59-026-024, PB59-
027-004, PB59-032-012 wag PB59-044-002
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Wudegtluvesdulssngnuanunarie
Ao uelngd? cetyltrimethylammonium bromide
(CTAB) (Devi et al,, 2013) 11ALdULUINTIFDU
A mkagzinad it udeies paTnuTim
8139ugN 33U Biodrop (UK) Ysuansidududy
50 wilunsu/lulasing dmsuldvinu fasen
fgo1seyalnsinesvonaIommnsaivuday
\A3 pamane (Table 1) d2uUsznouveaUjizen

LAzt unauUNITIR uUS A watd uluniud

asueliluiiden 2 Tneldaumail annealing 7
65 60 Uag 60°%. dmsuLAT eIy S13 8307911,
S6 3252739 uag S15 644992 AIUSIRU ATI3
a 3 a & v a a & aa

FLATIERRAUA LD ULDA BN AT AD LANLASINS T A
Tusznlsalaa 2.5% INTUIATIZNANUADAAA DS

a = ' = A Y]
WIPULEUTENINGAT 99NUNaNY havanuwy
ANUAUNUFBLSALBALLLN DU UUSEANS NN
= a | = o oA
999A3IvIeER UL aztAs 0 9munglun1sAnEN

N30T UYSNYLANUAIUNIUFBLIALDALI

Table 1 Primers used in the tetra-primer ARMS-PCR for detection of SNP S13 8307911,

S6 3252739 and S15 644992

SNP position Primer set and sequences Product size

S13 8307911 S13-OF 5" TGCTCAATGGGACAGCTAATAGCTTTAG 3’ Control fragment: 419 bp
S13-OR 5" TATTTGTTAAAACTTCTCACACGCATGC 3’
S13-IF 5" CATGCAGGTAGATTCAGTTAGCGTCA 3’ A allele: 204 bp
S13-IR 5" GAGGAGTCCCATTGTTCATAACAAGTTC 3’ G allele: 269 bp

S6 3252739 S6-OF 5" AATTGACCTATGAGGTTGTCGACATGCT 3’ Control fragment: 315 bp

@smsuazanly,  S6-OR 5" GGAAACGAGAAAGGAAAAGAAATGTGAAA 3’

2566) S6-IF 5" TTTCAATTTCCTTGATCAGCATCGCGA 3’ A allele: 164 bp
S6-IR 5" TGACATATTATCTATGTCCATTCTCAGGC 3’ G allele: 207 bp

S15 644992 S15-OF 5" GACAAACACAGCAACAGGAGCACAAG 3’ Control fragment: 282 bp

([@smsuazAnly, S15-OR 5" TGCGCATAGAAAAGCTTTTATTGCATTT 3’

2566) S15-IF 5" GACCAGCTAGACACTAATGGACAAGACT 3’ T allele: 195 bp
S15-IR 5" AGTCGACGATGAGATAGCCGTTGGCGAC 3’ G allele: 143 bp

NANISNAABILAZINTA]

1. NSAUNNATDIVUNBFTNU

3

HANITIATIEN GBS 90 4 A29819W UG
lﬁﬁagﬂaaﬁﬂﬂy’wm 532359 s Wodenaws
sunsaiufiiuselulefauaziinuunnag
sgwrianduiug 16 12,579 dums andudon
WNEALsaduwuu nonsynonymous ta 14
ALdali 9 B 1w BuMBRI (SWa LOC109711953)

Aeuniaaiu S6 3252739 uagdu PR-4

106

(5%a LOC109720991) i diusmis afiu S15 644992
F 9yt 17 luszuud unulsevesivlaense
(§51M5uazAnE, 2566) wanant gany
wsomneaiivludu Piezo (s1¥a LOCL09719476)
7 1518979714 saf et ussuuduniulse
wwdeniuuiJuwuulneses
wsesvaneatiuludu Piezo egiuntad
8,307,911 vulaslulewudl 13 (513 8307911) 210

§1UU8ya Ananas comosus reference genome
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ASM154086v1 lpgdutzsanguiugammusiolsa
o loun uFBunsTeum uasiugdunsnuns
f3lulndvilnseluleda uoada AA vueiing
Wugoouwasiolsngonn lawn Wug MD2 uay
MG3 d3lulndviingeluleda weada GG lay
Junsvasuudasnsaesiiluainuoanisniy
(asparagine, Asn/N) el auUAvnaaiidulalasian
Tuanauanianuidaualiduszgluluana
nareidunsawealnsin (aspartic acid, Asp/D) 7
fauvAnaeiidunin luananansauiit
wouviiiuseglulaanade (Table 2)

gu Piezo ulasvalulusAudeslosau
filwieussna Yimihiisuimsnszdumenatidanss
ldndevuvadviolnsdounudiulsznoud
gnfineg VINVLANNITNEUANDINIINAVRLTAR
Yoslenoud Ca? arunsndunuld (Kim and
Hyun, 2023) 1Us6u Piezo Tudnidunuindfay
Tun1sifudenansieussduiosenvansuiia
¥l AIUANAITUNTNTEANY NITONEN LAY
N15YNINUBILadNsLIWIuNalng1e 9 (Yu and
Liao, 2021) wag Piezo HunumaiAglunisae

P Y
I

6l U 2+ d‘
VDIUYAANVUBY U Ca bUBIINNNICHANANUDI

loosumeluwadfinaunfdaalimAnnismeves
wadlnenseAulvileadvinda (apoptosis) 138013
U3l (necrosis) (Kunzelmann, 2016) Tuiwauwuy
Arabidopsis thaliana Wwagudd Physcomitrium
patens W5 Piezo lasun1sigatindisumis
oy evumanasuazideriuwaalea (vacuole)
wazddusulunsmiuandugIuing1ve9sIn
wazwAlea (Heng et al, 2021) wonani Zhang
et al. (2019) 57897171 AtPiezo Sudenisinide
Ta¥awuu systemic lu A. thaliana lnefieiugnane
(mutant) 7 8w AtPiezo AAUNAIZLANINT
favdia cucumber mosaic virus (CMV) wa tumip
mosaic virus (TuMV) 3nnndniwdn@ (wild type)
Snvadl o143 olasa TuMv 7 ld Sunisiase
WugnssuAnaaInlUsAudLtetiasuas (green
fluorescent protein, GFP) @1%5 UA AR 1UN1T
wnsnszevathifaneluduisnudn Tuieiug
nangagiinisunsnszargvashisalasininludie
Unf Fauanslidiuindu AtPiezo fduiAeades
Tunisandanisunsnszaneveslasanigluieg

=4 dl

ag19lsAny Saluivauaneinunalnnisduds

Y

= ¥ %

[ 1 o« 1% = a a |
ANNAN mmumammsﬂﬂmmmmwmmealﬂ

Table 2 Nucleotide and amino acid variation of SNP S13 8307911 in the Piezo gene between

heart rot-resistant and susceptible pineapple varieties

Nucleotide and amino acid

Heart rot disease

Heart rot disease

change resistant variety susceptible variety
Intorachit Khaw Intorachit Daeng MD2 MG3
SNP AA AA GG GG
Amino acid Asparagine Asparagine Aspartic acid  Aspartic acid

2. nsAnwrdan1znmunzanlunIsINNUS I

aa ¢ ¥

AuLeNINsLUBsNaBnwUULA
NANISUIEN1IET Lnuzanlunns

AsI3aeuLAs panieady S13 8307911 Tudu

Piezo Wui1 @il annealing Nivunzay Ag
65°%. LAALOUALDUBITNMLNERTALULAZTILOU
Aowed lugunizusingiesian (Figure 1C

wag Figure 2) lunduiuginunmusiolsaganiiing

Thai Agricultural Research Journal Vol. 44 No. 1 January - April 2026 107



TM 55 C

419 bp

269 bp
204 bp

«— 269 bp
<— 204 bp

o

TM 65 C

Figure 1 DNA amplification with primer of
S13 8307911 marker using tetra-
primer ARMS-PCR technique with
each annealing temperature. The
PCR was conducted in pineapple
varieties Intorachit Khaw (lane 1),
Intorachit Deang (lane 2), MD2 (lane
3), MG3 (lane 4) and distilled water
as a negative control (lane 5). The
annealing temperature in PCR was
optimized among 55 (A), 60 (B) and
65 (C) degrees Celsius

108

f3lulndviingeluleia woada AA Usinguau
Fduerun 419 gruaidunavfidueruvay
uazva 204 Auwaiifuuouiiduennuoada A
(Figure 2 lane 9, 10) vaizfinguiussounedi
ulndviingeluleia weada GG Usinguau
Fduevun 419 guaidunavidueruvay
uazva 269 giuaniduuauidueannueada G
(Figure 2 lane 11, 12)
3. MnaaauUszAns Mwuaaas esneaiy
TunsAnaandneuzAURIUMUsBLsALBAIN
AsNAaaUUTEANS ANYDILAS BININY
ailuil Re1sanannAuuiug1venns oy
(marker accuracy) ¥13 9AITUADAAR DITENINY
Fulndfnsranuainied savunelutanady
Snwariilulndanuduniulsaiusngaislu
wlasdan ArdananIagyiouierNaINnTves
w3 eanglunsitunednvagniaiugnssud
uansaanlun e nan19ns29a9ud Lulndaeg
iwSenmneatiu 3 wdeamane TéuA S13 8307911,
S6 3252739 way S15 644992 uandlu Figure 3
uag Table 3 in3oevune S13 8307911 Tudu Piezo
AsIINULeada A Feduiudiuainuduniuly
naufIeg1agnray 21 910 22 areau Anduy
ANuaenAdasszidlulnduazWlulnd 95.5%

\3ewmung 63252739 Tudu MBRI nuueada

=

srunulugauansie 22 aedu (100%) vz
iy S15 644992 Tudu PR4 aTianuueada
Auniuly 18 aediu Andu 81.8%
dlofiasanAinuusiugveaI pevne
WU S6_3252739 LAANUUIUEEIEA TR
A S13 8307911 uae S15 644992 Muadu
nan1sAnuildenadestiussnuluivyilagy
U Ige et al. (2021) wag Codjia et al. (2022)
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a
65 C

8 9 10 11 12

419 bp

563 BB

Figure 2DNA amplification with primer of S13 8307911 marker using tetra-primer ARMS-PCR

technique compared among different annealing temperature 55, 60 and 65 degrees

Celsius. The PCR was conducted in pineapple varieties Intorachit Khaw (lane 1, 5, 9),
Intorachit Deang (lane 2, 6, 10), MD2 (lane 3, 7, 11) and MG3 (lane 4, 8, 12). Using primer
of S13 8307911 marker, the control fragment is 419-bp-band. The A allele is represented

by 204-bp-band and found in heart rot disease resistant varieties, while the G allele is

represented by 269-bp-band and found in heart rot disease susceptible varieties

F95189UANPNULUUEIUDILATOINUNY 77-80%
AT ULAS a9vneR T UlsAluaglus udUs e
v = a o P = I
L1313 DINUNYARUN IR L UNTSAN WL T
NMSLUABULUASLUU nonsynonymous @ $9198 368
fon1silasukvadnsnoziluvealusiulaensg
agslsiony aliumananiealdlasmumisnaneiiug
Mduannguanvesdnuae (causal mutation)

! ~ ° A | Y A o~ v o ¢
witJwiesdunisneglndnsedanuduiug
TUBuNAIUANENYY A9 ALLANAIIUDIAN
AMULUUETUNNTNYINTAITEIINWATDINUEDND
A3 aUTTAUANUFURUS NN UTNTTUTENTN

= U a A Y] ~
AT aenuefuduf muAudnyae Tuulansal
WS IINewardusananenvlllanneneng iy
agvanysallungudteganfnyl danalininy
aonna 095z 19 T ulnduazAlulndanaq

YN ANUAUNIUN BLTABALL 1 AT U

a

ANwazIBaUSI (quantitative trait) igNAUA

Y 9

¢ '

Tagunasgus iU dauali ANdUW U s31Ig
NulnluazilulndvouaIomunounazAunus
WANANAY NISLELATDIRLNBNAIERLILSTINAY
913YNANNRIUE UM ARG NGl
pg13lsimu msEnwidaniiunisageu
lungusiiegne 22 aneiu Fededlvuiniiiauas
913 }ATOUAGUAIIUNAINUAINIINUFNTTU
NvNe A9t AIsnsUsEluRALluUszIng
Y lrguasiiiugiuiugnssuivanvaiy L
A8AURNNALTIUIY 300 A1UAUIMNNAYENE
1 LY Vaa] dy s
siunsidisugnieuuuglealeas (zoospore
inoculation) ¥841%851 Phytophthora spp. Ll
) = a ! v
guduiafesnmueanIBInIngfaunNsUTEeNAld

TulUsunsuuSuugaiugesnamngay

Thai Agricultural Research Journal Vol. 44 No. 1 January - April 2026 109



<«——419bp
2’: 269 bp
204 bp

269 bp
204 bp

207 bp
164 bp

207 b
164 bp

Figure 3 DNA amplification with primers of S13 8307911 (A), S6 3252739 (B) and S15 644992 (C)
markers using tetra-primer ARMS-PCR technique. The PCR was conducted in Intorachit
Khaw (lane 1), MG3 (lane 2) and hybrid population of 22 lines exhibiting heart rot disease

resistance phenotypes in natural field settings (lane 3-24)

dsUNaN1SNAaag noNsynonymous ﬁiﬁmmmm@hmmdnmju
9

v & Y

WA waznguiugsoukesalsnganLiily

v oA I 3

A153LASIER AR UTAa Lo A ve9d Tuyl : ) y )
. v . , Fulysalubu Piezo Ninums S13 8307911 wagls
dulrsnann 4 degniuglagldds genotyping- 5 T P
. o o« - msiaungalnswesdmsunsnasunsamieg
by-sequencing WULAS 841LNA LD U ETULUY
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Table 3 Genotype of SNP markers S13 8307911, S6 3252739 and S15 644992 in hybrid population of

22 lines exhibiting heart rot disease resistance phenotypes in natural field settings

Lane Variety/hybrid name S13 8307911 S6_ 3252739 S15 644992
1 Intorachit Khaw (heart rot disease resistant) AA AA GG
2 MG3 (heart rot disease susceptible) GG GG T
3 PB54-028-002 AG AA GG
a4 PB54-028-015 AA AA GT
5 PBB59-009-007 AA AA GG
6 PB59-001-043 AG AA GT
7 PB59-002-010 AG AG GT
8 PB59-002-017 AG AG GT
9 PB59-003-003 AG AG GT
10 PB59-003-070 AG AG GT
11 PB59-005-031 AG AG GT
12 PB59-005-056 AG AG TT
13 PB59-007-021 GG AG GT
14 PB59-007-033 AG AG TT
15 PB59-013-011 AG AG TT
16 ~ PB59-015-010 AG AG GT
17 PB59-015-036 AG AG GT
18  PB59-020-023 AG AG GT
19 PB59-020-104 AG AG GT
20 PB59-025-010 AG AG GT
21 PB59-026-024 AG AG TT
22 PB59-027-004 AG AG GT
23 PB59-032-012 AG AG GT
24 PB59-044-002 AG AG GT

atdufsnanalewaila tetra-primer ARMS-PCR
wSeui AN vNzaNd MUY REe U
Trazaansian1sldeu nan1smaaaulszdnsnin
vaasemnglumsAndendnunzanuiumm
delsnganiunlunguiiege 22 anedu Feuand
Hluvddummiluammidacgneusssugi wui
ey S13 8307911 (luBy Piezo) firmuusiugn
YOUFSBIVINY 95.5% U TLA BNy S6_3252739
(luBiu E3 ubiquitin-protein ligase MED25 binding
RING-HZ2 protein 1) way 515 644992 (lugu

Pathogenesis-related protein-4-like) A1y

LUUG1VDATDIMLNE 100% WAL 81.8% MNUAINU
= dgj Y @ = U 6 v
Han1sAnuHuansiudsdnenmlunsUssynaly

dmsunsAndeniugdulzsnsmumiulsaganiii

AUBUAN

¥
=

ATl Sunuadvayuandinau

a o

AZNTIUNTAUES AN MNERS FdeuazuInngs

LBNE15919D4

1FWUT NN, 2526. FUULIALALRAAINNTIY
dulzsaludszmalng. nganns: aedgivaiu

ADZLNYAT URINYIRELNYATAEAS. 158 1.
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@393, 2566. MIWAWLAS omINeALEueaTiy
Tudu E3 ubiquitin- protein ligase MBR1 wazdu
pathogenesis-related protein PR-4-like fiendosiu
e mulsaniluduUrse, vt 1-9. T madsvay
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