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ABSTRACT

Morphological diversity of Panchakhan (Thai Jiaogulan) based on its different ecotypes affects
the stability of taxonomy nomenclature. This research aimed to study the relationship of 20 native
Panchakhan varieties and their hybrids using chloroplast DNA markers of accD, petD, psbB and ycf3
genes and to confirm the botanical name. The evolutionary relationships were generated using
maximum likelihood (ML), maximum parsimony (MP) and minimum evolution (ME) methods. The
results of ML, MP, and ME analyses showed the concordant clustering of Panchakhan varieties and
confirmed their name as Gynostemma pentaphyllum. The phylogenetic tree of the combined
datasets of all genes was the most efficient in grouping Panchakhan into 2 formae (f.), f. pentaphyllum
and f. dasycarpum. The native Panchakhan, namely Sankampaeng, shared the characteristics of
f. pentaphyllum, with the ovary/fruit surface covered with no hairs and the spherical seeds, ovate
shape with regular papillae on surfaces. In addition, hybrid Panchakhan, namely Chiangrai2, also
grouped together under this forma according to the genetic characteristics of its mother strain,
Sankampaeng. As for the other 9 native Panchakhan varieties; namely Doitungl, Doitung2,
Chiangkhong, Phrael, Wawi2, Wawid, Wiangkaenl, Wiangkaen2 and Angkhang; showed the
characteristics of f. dasycarpum, with the ovary/fruit surface covered with pubescent hairs and

flat seeds with slightly triangular to heart-shaped with irregular papillae on the surfaces.
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Furthermore, a group of hybrids Panchakhan,
namely Chiangrail, isolate Chiangrail-7,
isolate Chiangrail-9, isolate Chiangrail-11,
isolate Chiangrail-13, isolate Chiangrail-19,
isolate Chiangrai2-10, and isolate Chinese-
Local, formed a group with their mother

strain, Sibsongpanna, under f. dasycarpum.

Keywords: phylogenetic relationships;
chloroplast DNA; Jiaogulan; morphology
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aewneteyaidule ielvidaudaau dmiuld
Uszlevulunsihludnwsiosean

anateyatus Ae Gynostemma Blume
WOuivlureduns (Cucurbitaceae) Usznaunie
au1dn 17 sila wuseanilu 2 anades (subgenus)
A ® Gynostemma way Trirostellum C.Y.Wu &
SK. Chen davisaesanadesiidnumsniedngiu
YoINakANm 19A Y eyl an vluan agae
Gynostemma Tl & nwaizvesnatfunuunailiie
waneLua a (berry) @ uridan vluanag ey
Trirostellum f18 nwazvpINald UL UURALR SLAN
(capsule) (Wu and Chen, 1983; Chen, 1995;
De Wilde and Duyfjes, 2007, 2008, 2010; Chen
et al, 2011) MndnwaEmedugLAlnd Ay
WazAIULA 827U De Wilde and Duyfjes (2007,
2008, 2010) lAANYINSIUNGNUIA LUIAUITELNA
Insuazniinesniaids Suundeingimanives
fvanatiyatus lneyudeviaiviifimuadionds
Auldluszav forma melawtiaiie G. pentaphyllum
(Thunb.) Makino) luvnemssfudng Usemeduds
L0 ug ud nansvesanuna NI veIi vana
Jeyadus dnnguoynsuisiuladuunuaneng
vanld Tnsend elusziu forma 4 wunlusedu
species Lag variety (Wu and Chen, 1983; Chen,
1995; Chen et al,, 2011) & 4n19.UA suudasio
Ingrmansveiivnamdnoynsuis Ui Taud
fuil Iasremnudualunisideniesindayatus
lignaes wadl ludszmalngla i ms@nwany
anvaNekaraynsisuvelyatus (De Wilde
and Duyfjes, 2007; 2008) WU & NHUEN
dugndanuiuulsgann Sgndauensendu 5

WUU A ® G pentaphyllum f. pentaphyllum,

f. dasycarpum (C.Y. Wu) W.J. de Wilde & Duyfies,
f. grandiflorum W.J. de Wilde & Duyfjes,
f. knemandrum W.J. de Wilde & Duyfjes Lae
f. pubescens (Gagnep.) W.J. de Wilde & Duyfjes
& ¢ forma 14 9 maaﬁwﬁmﬁmﬁ’uﬁyﬁgﬂiw
Snvauansnatulunuanmwndeudi ivwant
ey 1Funin LU (ecotype) Badunasn
nsUsuslfmnrauiuanm ety q uas
WU f. grandiflorum wag f. knemandrum WJu
fvdudefinuamznanamilevesssanelne
yena Nl De Wilde and Duyfjes (2007) §935718:971U
Ny f. simplicifolium (Blume) W.J. de Wilde &
Duyfjes wa e f. fasciculare W.J. de Wilde &
Duyfies n32a18Wus 8g lulaulaide un galaldl
sreeunuludssnalng IR Yayadus
AU ULUTAUENINUING BUEIHN 1019
forma 9u 9 finszaneiudoguddsdmalsiny
ﬁmuﬁnwﬁa‘i’a%’ayjaﬁLé‘mmaaﬁmﬁ”’a
Fuy ieldaiuayunisduuniivanaiyatus
(Zhao et al., 2015; Zhang et al,, 2017; Wang
et al,, 2020) wamalitiui1 AuduURUs N9
Fmunisaaedeyafidue ansaldaiuayu
nssuunvanadyaduslunisendelusedu
forma Buaniduszsu species & venant] dailms
3T He0NULUURMUNLAS BIMNEA 18 ulaus 1
Arelswananiiin e Az lunsszyviaii
(species-specific chloroplast markers) lagld 8y
acetyle-CoA carboxylase beta subunit (accD),
cytochrome b6/F complex subunit IV (petD),
photosystem Il 47 kDa protein (psbB) wag
photpsystem | assembly protein (ygf3) @193
szyviavesanailyaiusiilesgniduiivanulns
lAuA G. burmanicum King ex Chakr., G. longipes
C.Y.Wu ex C.Y.Wu & S.K.Chen, G. pentaphyllum
W G. pubescens (Gagnep.) C.Y.Wu (Abid et al.,
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1. fpgneiiiAnen
1.1 {?\"Jﬂ&i’lﬂﬁ‘lﬂﬂﬂ?juﬁﬁﬂm (Ingroup taxa)
1.1.1 Toyamduefidnuilvsl
LAUTIVTINANWUAITIUTINH UG Vol
AU TN VAT TenI9T WA, 2563-
2564 91U 20 Wug wundu 4 ngu laun 1)
nauugAides 10 Wus 1w aeensl nona2
WS 1 3132 134 gl LIgannu2 dunung
19919 UazlT89v09 2) nauWuSgANANA T
Snwaugadiane 2 Wug loun Weesel uay 2
3) Nl NANRsTUA Vs s UL x i wdleq
Furinuna Adnvabisiuaue 7 meud léund
17 19 1-11 1-13 1-19 2-10 uagatenugiu-
fudles Wanwiieaduiuguseudioumlnddn
YU g aNA iy warAanulnadaiuiug We

Wugwl 4) WugenaUseing 1 g fie Fuassduwn

s o ¥

2 o ea a A @ o &
W UNWUG N NAINU TP W DLU WA HEANW WY

]
s

(Hseuiisumnailnadaiuiuggnuauuas iug

Wudesveding) et 20 Wug lnameidey

nusnubluifisiasifivngavm nadwnsnues

(Bangkok Herbarium, BK) a1uns3835n159a911
wysauldiuiavesiinsiusiiungann

1.1.2 Joyanduedndwesanatlyatus

Ao naruiindlelndvesiinfivans
Heyadus (Gynostemma spp.) Aidmsiutudinly
vuLd ulaw vee NCB (National Center for
Biotechnology Information) drsn 1t uate ue
$redsvesuiafivlunduiidng Ussneude ana
Jeyatus 2 anagos laun Gynostemma 12
#0879 Way Trirostellum 5 #19819 593 17
#108719 (Table 1) TneAaudonainydaf o il
Funeaelsnatadanysal wazAndonAnyd
lnzaiauilnglalnauinunaslswanad 4 Bu
19n accD petD psbB way yof3

WYana Gynostemma 7 Aond onuld
WS suguAmudunus 9w 11 9ia 910 17
20819 1T uril il o 7 n1snseanenus vi slu
Uszinalne warlndiAesd sdanmgfivssmenay
Ad01n1AAR18AGINY @Na Gynostemma 7
fadenunmaniaslifumunuiitiefigatau
Suriaieuiuiyatusiidnulmid

1.2 Aag 19 vuanng ufi fnw (Outgroup
taxa)

Hregedrduianalelnduosanad v s
Aaulnadanvana Gynostemma Blume
wazdnegluiad Cucurbitaceae ETHRETRtY
vunnlyvurTuladues GenBank, NCBI
(hittpsAvwwv.ncbintm.nih.gov/genbank) T4@ 29819
fyuennquil Anw 6 §29819 (Table 1) Tay
dnidenanviefivnidluunaslswaradauysol
wazAndonAnwanizainuilindlalnausiou
Paelswanad 4 8u laun accD petD psbB uag yof3
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Table 1 The nucleotide sequences of the accD, petD, psbB and ycf3 genes downloaded from the

GenBank, NCBI

Name GenBank accession no. Tribe
Ingroup taxa
Subgenus Gynostemma Blume

Gynostemma ‘burmanicum’ MF152731 Tribe Gomphogyneae

Gynostemma ‘burmanicum’ NC036141 Tribe Gomphogyneae
Gynostemma caulopterum S.Z.He NC036135 Tribe Gomphogyneae
Gynostemma compressum X.X.Chen & D.R.Liang NC037179 Tribe Gomphogyneae
Gynostemma longjpes CYWu ex CYWu & SKChen MF152730 Tribe Gomphogyneae
Gynostemma longjpes CYWu ex CYWu & SKChen NC036140 Tribe Gomphogyneae
Gynostemma pentaphyllum (Thunb.) Makino KT695603 Tribe Gomphogyneae
Gynostemma pentaphyllum (Thunb.) Makino KX014626 Tribe Gomphogyneae
Gynostemma pentaphyllum (Thunb.) Makino KX852298 Tribe Gomphogyneae
Gynostemma pentaphyllum (Thunb.) Makino NC029484 Tribe Gomphogyneae
Gynostemma pubescens (Gagnep.) C.Y.Wu MF152732 Tribe Gomphogyneae
Gynostemma pubescens (Gagnep.) C.Y.Wu NC036142 Tribe Gomphogyneae

Subgenus Trirostellum (Z.P.Wang & Q.Z.Xie) C.Y.Wu & S.K.Chen
Gynostemma cardiospermum Cogn. ex Oliv. NC035959 Tribe Gomphogyneae
Gynostemma laxiflorum C.Y.Wu & S.K.Chen NC036134 Tribe Gomphogyneae
Gynostemma microspermum C.Y Wu & SK.Chen MZ286581 Tribe Gomphogyneae
Gynostemma pentagynum Z.P.\Wang NC036136 Tribe Gomphogyneae
Gynostemma yixingense (C.P.Wang & Q.Z.Xie) C.Y.Wu & NC053537 Tribe Gomphogyneae
S.K.Chen

Outgroup taxa
Coccinia grandis (L.) Voigt KX147312 Tribe Benincaseae
Cucumis sativus L. DQ865975 Tribe Benincaseae
Gomphogyne cissiformis Griff. MH256801 Tribe Gomphogyneae
Hemsleya zhejiangensis C.Z.Zheng NC056163 Tribe Gomphogyneae
Momordica charantia L. MT727082 Tribe Momordiceae
Trichosanthes kirilowii Maxim. NC041088 Tribe Sicyoeae

2. msfnwdayafidueiTnmie

(%
a ]

2.1 nsanandue laevdudiuluiie 20
v 6 v a & % v a & o I3
Wug wnaiandwe lnsldynatamduodnsagy
PureLink Plant Total DNA Purification Kit
(Thermo Fisher Scientific, USA) A18ASSU35

YDIUTEN LA INTIVADUAUY LT UVDIALD ULD

1097 atudii anald A 10335 1anlnslus G4
(electrophoresis) Tutaaoznilsa 0.5% 14
wsaLad aulndn 100 Taas wau 15 wrd Tu
a15azaiey 0.5X TBE Uuiinnmiatdueniala
waa UV Tngldias 09 Azure 200 (Azure Biosystems,
Inc,, USA) wazifiudnunitdueifigamai -20°.
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2.2 mafiudsnaiiue Tnstidegng
Aowednde 2.1 1uAuwedunuululfize
anlgwediwoisaliloifiuuTuudidue 4y
wiazUinie Usznaumigfiidueainuduty
100 ng USu1ms 1-1.25 pL @ lusiues usiin
Aaalswatds accD petD psbB uaz ycf3
(519az19unn1U Abid et al,, 2019) AMILTUTY
10 UM 91982 2.5 pL a7 2X Phire Plant
Direct PCR Master Mix (Thermo Fisher
Scientific, USA) U311a5 25 pl wavifiuulerd
Usinassa 50 ul Teeldanzsuduluduney
N1skENaNEfLeweLNG 8 0eNINAY (initial
denaturation) 7 95 °. Buwan 5 Wit Wiy
Frvauiswely 3 Tumeu s1u 25 SOU
Usznaume %umauﬂWiLwﬂmaﬁ@mamﬁmd
gen9 N (denaturation) 71 95 °w. \Juaan 30
FuT TumeunisTureslnsiesAuRLE UL
WU (annealing) 71 58 °. 1uian 30 Jund
Lazdunounsdnas e weoanelvdoann
Twswes (extension) 71 72 *¢. 18uran 45 Jundi
audstuneunsTLATIERRIS ueaslnaine
nlnsiesseuanving (final extension) 7i 72 °4.
Fuan 10 uid anduthnananiildannnisiia
Usunaufdutenisujisengnidwediweisaly
MIIEBULOUALO ULBRI835 B Llanlnsins T4
Tuasznilsa 1.5% Mdusaedoulih 100 Taad
U 15 U9 luarsazany 0.5X TBE Tuiinaw
fdwanielduas UV Ineldin3 o9 Azure 200
(Azure Biosystems, Inc., USA)

2.3 Asgarnuilindlelng #1878
BTSeq™ (Barcode-Tagged Seq) (Celemics, Inc.,
Korea) #11ATTUI5909U5 €M wa1u1a1au
Tandlolnaiilalunsraaeunududeudae
BlastN (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
vugiuteyaves NCBI iewuindduindlelns

Qe

)=

1 9 dwesidudarulndiaduiivnguiyadus
49 IUIUINTIVADUAINUYNA DIVBIAIAU

Y Y
a N

analelnasie BioEdit 7 (Hall, 1999) wazliu

Juiinanduiiipdlelndvealoyadusng 20 Wug

17 luszuugudeyaves GenBank, NCBI a1y
sULUULAETUARUYBITE VU Uy aTIAmMUALY

3. N193ATIZRAMUAUNUS VO IU YT UT Y

v a a a
VBYANLLUBUILIN accD petD psbB uaz ycf3

3.1 daauiliaalelng ldais semumis
anuilamalelng WisueuiuvesmasBusmiu
wutlndlemdvesena Gynostemma 17 feens
adusnedsfitlunguiifng uazdedisiivuen

nauAn (Table 1) Ingld Clustalw (Thompson
etal,1994) @ 1875 multiple alignment ey
MTIFADUAINUYNABIVBINITTALTBeAIEANUA"
Snass

32 N1583 19UWHUN T AUF U UT N9
Fmuin1saaedeyafidue Yiun3ng (matrix)
vosarnuilaralelnadwizuiiam accD petD
psbB waz yof3 fildTmssaussuiiisusuns
walUassunugdanudunus nsiugnssy
(phylogenetic tree) @ 287§ maximum likelihood
(ML), maximum parsimony (MP) &g minimum
evolution (ME) Tu MEGA 7 (Kumar et al., 2016)
18N193LASIERUABEEU MINANMNFUNUSUD
uardulidnndaiu F93asgRAuduRUse
aunnsvesdsuiindlelnddte ¢ Susauiu
o viunan bootstrap test 7 1,000 replicates
(Felsenstein, 1985) UszLTuA 1 bootstrap
percentages (BPs) i 85-100% WHueatuayu
mmﬁaﬁuagﬁuqa 75-84% F2AUUIUNAN 50-74%
sEAUAN uag <50% Lueni llatuayuaiiy
oy (Wurdack et al., 2005)
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1

4. A1sAnerdayanuFunus sendienusg

vaslgyatus 20 Wug waslyatusdieds
farsananuduiusvestayadugis 20

g Wisuisuiuanatiyadussneds iilelvisiu

& 1

feAULANFA9TENINRUE IEin1Tuanteeni
AULANAG LALA SEAU species, variety 138
forma nelufiauunnang lnglddeyamoue
sufuteyadugiuineilumsfiansandiiossy

WINIPNEANTNTALIUVDIUQYATUS

NANISNAAILAZINTal

1. anudunusvasdgatusdiedoyafiduie
UL accD petD psbB wag ycf3
HANTTANYIALO UL USLIT NN VDD
accD petD psbB uag ycf3 wuil AAMNTUNIY
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Table 2 Voucher specimens of native Panchakhan varieties and hybrids deposited at Bangkok

Herbarium (BK) and the new nucleotide sequences generated in the present study

Name Collector no. BK no. GenBank accession no.
accD petD psbB ycf3
‘Jiaogulan Chiangrai 1’ Pruesapan et al. KP2020-1 BK 071525 ~ 0Q093516  0OQ093536  0OQ093556  OQ093576
‘Jiaogulan Chiangrai 2’ Pruesapan et al. KP2020-2 BK 071526 ~ 0OQ093517  OQ093537  0Q093557  OQO93577
Isolate Chiangrai 1-7 Pruesapan et al. KP2020-3 BK 071527  0OQ093518  0OQ093538  0Q093558  OQ093578
Isolate Chiangrai 1-9 Pruesapan et al. KP2020-4 BK 071528  0Q093519  0Q093539  0OQ093559  OQ093579
Isolate Chiangrai 1-11 Pruesapan et al. KP2020-5 BK 071529  0Q093520  0OQ093540  0Q093560  OQ093580
Isolate Chiangrai 1-13 Pruesapan et al. KP2020-6 BK 071530  0OQ093521  0OQ093541  0Q093561  0OQ093581
Isolate Chiangrai 1-19 Pruesapan et al. KP2020-7 BK 071531 0Q093522  0Q093542  0OQ093562  0Q093582
Isolate Chiangrai 2-10 Pruesapan et al. KP2020-8 BK 071532  0Q093523  0Q093543  0Q093563  0OQ093583
Isolate Chinese-Local Pruesapan et al. KP2020-9 BK 071533  0Q093524  0OQ093544  0Q093564  0OQ093584
Ecotype Sibsongpanna  Pruesapan et al. KP2020-10 BK 071534  0OQ093525  0OQ093545  0Q093565  0OQ093585
Ecotype Angkhang Pruesapan et al. KP2020-11 BK 071534  0Q093526  0Q093546  0OQ093566  0OQ093586
Ecotype Sankampaeng  Pruesapan et al. KP2020-12 BK 071536  0Q093527  0OQ093547  0Q093567  0OQ093587
Ecotype Doitung 1 Pruesapan et al. KP2020-13 BK 071537  0Q093528  0Q093548  0Q093568  0OQ093588
Ecotype Doitung 2 Pruesapan et al. KP2020-14 BK 071538  0Q093529  0Q093549  0OQ093569  0OQ093589
Ecotype Wiangkaen 1 Pruesapan et al. KP2020-15 BK 071539  0Q093530  0OQ093550  OQ093570  0OQ093590
Ecotype Wiangkaen 2 Pruesapan et al. KP2020-16 BK 071540  0OQ093531  0OQ093551  0Q093571  0OQ093591
Ecotype Wawi 2 Pruesapan et al. KP2020-17 BK 071541 0Q093532  0Q093552  0Q093572  0OQ093592
Ecotype Wawi 4 Pruesapan et al. KP2020-18 BK 071542  0OQ093533  0OQ093553  0Q093573  0OQ093593
Ecotype Chiangkhong Pruesapan et al. KP2020-19 BK 071543  0OQ093534  0OQ093554  0Q093574  0OQ093594
Ecotype Phrae 1 Pruesapan et al. KP2020-20 BK 071544  0Q093535  0OQ093555  0OQ093575  OQ093595

Table 3 Nucleotide data of accD, petD, psbB and ycf3 genes used for maximum likelihood,

maximum parsimony and minimum evolution analyses

Characteristics/Gene accD petD psbB ycf3 Combined data
No. of taxa 43 43 43 43 43

No. of accessions (ingroups) 37 37 37 37 37
Length of sequences (bp) 439-454 772-794 608 242-261  Not determined
Length of alignment (bp) 454 807 608 268 2137

No. of variable characters 46 96 ar 38 226

No. of potential informative sites 15 50 23 24 112
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G. pentaphyllum 4 #39819 A1gA1@T VALY
AuLdesiuai (Clade O ddutlyyadusdu 4 3n
18 Wus dnnq uey sunudyadtus o198
G. burmanicum 2 #798149 Lag G. pubescens
2 #0819 Fearatuayuauidesugaly MP
war ME wazalu ML (Clade D) uol 9 qyadus
$19899a 4 deehe nduTanquuenooningae
AnafuayunmBesiudilu MP uaz ML wazgs
Tu ME 8nos gevnn duduniulnddaves
G. burmanicum W 9 2 28819 wazveq
G. pubescens ¥ 2 §819 FawAaTuayLAIY
Fesluga uagan muadu TuvueiUeyadusan
18 Wug liuansnnuduiusideiTamnisd

annsausnueglitaauls (polytomy)

2. maseuiiisuanudunusaedayanioue
2.1 AUFURus lusEAuanat oy vas
Gynostemma spp.
ANUFURUTNITTAUINITVDIN AN
Gynostemma (Figure 1) WanaliliiuAN@ennae
YBIN13IILUNNG UYTAVDI Gynostemma A 38
AnwazUIzianvodna (De Wilde and Duyfies,
2007) Wu31 G. microspermum, G. laxiflorum e g
G. yixingense LLEJﬂm”aaq'”Lﬂa”ﬂ?mﬂ”uﬁlgmsuaa
WU §eannnd 0t un15TATILUANIG
ounsuisnu isuun 3 wiadliluanadesy

Trirostellum 288 NYUSUDINALUUNALAILAN

a

(Chen, 1995) 2adgn
yilnvasanagestl Junquetiu G. caulopterum

G. pentagynum @u1%¥ndn

uag G. compressum Jaduauinvesanades
Gynostemma AnaLUUNauRLd avatewEn
(Figure 2C-D) §1a8nndaafuse91uves Zhang
et al. (2017) uaz Wang et al. (2020) ool
Twunlisinaminluanages Trirostellum iy

10

Pentastylos A8 N¥ELAUYBINITRAUYLNAT
Wil 5 §u wazllgannasineily 2 uan (Chen,
1995) § anrsdeemnasineaidle 2 wan (Figure
2A-B) TAupatedsn vl vluanay oy
Gynostemma Fso191dua1nn ve9n153ungy
wansnulnddafuriinfiviiegaanguil dau
AuNBnduvesanaten Gynostemma WaAIAIN
Tnddafudigadusiidnuluivis 20 Wug (Clade
B) defigauilififudnfied dnauuunauieiiie
wa1eLand (Figure 2C-D) uansaulnddams
Wugnssuaenndesfudeyadugiuinel uay
Audunissuunnaudaadudiie 20 wusd eglu
anagey Gynostemma
2.2 A UFUWUT TENT1IWUS V9
Uyadius 20 Wug
defiansananulnddadusietoya
ALOUea1N Figure 1 wua1 Tu Clade B Jeyadus
8198w ndu 2 nqu aq'ﬁgjﬂu Clade C uay
Clade D wWwiienfugatdusadnvilmists 20

Ly

U

2N o,

melu Clade C wandbildingi wiugduiiumg
wazlde935182 darulnddadutgyatusoneds

s

G. longipes Wag G. pentaphyllum mﬂﬂiﬂﬁuq
9 9 Wonsivaeuysy AT o fusiBese
2 vlugnuananuiugduiune Aunenug
duaestuwn iesnn Bu accd petD psbB lay
yof3 WuBuusnunasisnaias deuanidnuae
Adutevosus (W ofirsandnumgniadugiu
IneUsznoumulnatanulyatuse 1o G.
longipes wag G. pentaphyllum ANUN1TIUN
NITUNNBIIRVRAUTENATU (Chen et al,
2011) Wy Wugdumunaddnvaeseliuasua
R8s (Figure 2A, O) wazdlwdansanauduguly

Awdadusugusnpeudinsainiaue (Fisure 2E)

M3aEFITnsneEns 99 43 atuil 1 un91eN - WseY 2568



Combined datasets
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Figure 1 Maximum parsimony cladogram of Gynostemma spp. based on the combined

chloroplast DNA of accD, petD, psbB and ycf3. The value indicated for branches are

bootstrap percentages (BPs) of maximum parsimony, maximum likelihood and

minimum evolution, respectively
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Figure 2 Gynostemma pentaphyllum (Thunb.) Makino; ovary (A-B); fruits (C-D); seeds spherical,

ovate shape with regular papillae on surfaces (E); seeds flat, subtriangular to hearth shape

with irregular papillae on surfaces (F)
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nsUsuUgeanenugiinngslagds Di-mon Mating
Strain Improvement of Abalone Mushroom (Pleurotus cystidiosus)
Using Di-mon Mating
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ABSTRACT

Abalone mushroom (Pleurotus cystidiosus O.K. Mill.) is an economically important
mushroom. The improvement of better hybrid strains is necessary for commercial production.
The objective of this research was to improve Abalone mushroom hybrid strains with high yield
and better features using the di-mon mating technique, which is the interspecific crossing between
the dikaryotic mycelium of Hed Pao-hue 3 (PC3) used as the mother strain and the monokaryotic
mycelium from 13 strains used as father strains, to obtain 14 Abalone mushroom hybrid strains.
These hybrid strains were cultivated in 800 ¢ sawdust substrate bags to observe their yield
performance for 3 months compared with that of Hed Pao-hue 3 which is a commercial strain.
The results showed that the Abalone mushroom hybrid strain PC3xSPC21-1 gave the highest yield
of 150.7 ¢/bag, which was not significantly different from that of Pao-hue 3, which gave a yield of
126.3 g/bag. Furthermore, the days required for PC3xSPC21-1 to complete spawn running were
55.4 days, and primordial initiation were 14.9 days, while Hed Pao-hue 3 required longer days as
58.9 and 20.2 days, respectively. In addition, some of the Abalone mushroom hybrid strains had
some features better than those of Hed Pao-hue 3 such as higsh content of protein and
carbohydrates but low content of fat. From the results, 4 Abalone mushroom hybrid strains that
had high yield and better features, PC3xSPC21-1, PC3xSPC14-24, PC3xSPC23-17 and PC3xSPC11-4,
were selected for cultivation testing under farmer’s farm conditions to distinguish the best

potential Abalone hybrid strain for commercial production.

Keywords: strain improvement; Pleurotus cystidiosus; monokaryon; dikaryon; di-mon mating
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Table 1 Monokaryotic mycelium of Abalone mushroom (father strains) 13 strains

Abalone

mushroom strains

Number of the selected

Codes for experiment

monokaryotic mycelia

PC1 20 SPC1-1, SPC1-2..... SPC1-20
PC4 20 SPC4-1, SPC4-2..... SPC4-20
PC10 20 SPC10-1, SPC10-2..... SPC10-20
PC11 20 SPC11-1, SPC11-2..... SPC11-20
PC14 30 SPC14-1, SPC14-2..... SPC14-30
PC15 30 SPC15-1, SPC15-2..... SPC15-30
PC16 20 SPC16-1, SPC16-2..... SPC16-20
PC20 20 SPC20-1, SPC20-2..... SPC20-20
PC21 20 SPC21-1, SPC21-2..... SPC21-20
PC23 25 SPC23-1, SPC23-2..... SPC23-25
PC24 20 SPC24-1, SPC24-2..... SPC24-20
PC25 20 SPC25-1, SPC25-2..... SPC25-20
PC26 20 SPC26-1, SPC26-2..... SPC26-20
Total 285

Noted: PC is Pleurotus cystidiosus; SPC is single spore of Pleurotus cystidiosus
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(A) (B
Figure 1 Dikaryon-monokaryon mating of Pleurotus cystidiosus (A) with combination between
dikaryon mycelium (Pleurotus cystidiosus, PC3 mother strain) and monokaryon mycelium
(Pleurotus cystidiosus, father strain); and clamp connection (B) indicating a compatible
interaction and formation of secondary mycelium (Noted: PC is Pleurotus cystidiosus;

SPC is single spore of Pleurotus cystidiosus)

Table 2 The mycelial colonization time, day of primordia formation, fresh weight yield, and
biological efficiency (% BE) of 14 Abalone mushroom hybrid strains compared with PC3;

cultivation period was from September to December 2023

Fruit bodies primordia Average fresh
. Spawn run . . )
Strain (days) formation after bag weight yield %BE
opening (days) (¢/bag)

PC3xSPC11-4 59.1"de 21.0 bed 129.2 ab 31.9 ab
PC3xSPC11-9 778 ¢ = - -
PC3xSPC14-21 59.1 de 20.0 bcd 113.5 b-f 28.0 b-f
PC3xSPC14-24 58.5 cde 19.3 abc 125.3 a-d 30.9 a-d
PC3xSPC15-2 599 e 24.8 de 97.7 c-f 21.1 cf
PC3xSPC15-7 56.6 ab 23.8 cde 102.4 b-f 25.2 b-f
PC3xSPC15-14 58.7 de 18.4 ab 99.1 b-f 24.5 b-f
PC3xSPC21-1 55.4 a 14.9 a 150.7 a 37.2 a
PC3xSPC21-4 59.2 de 15.1 a 1499 a 37.0a
PC3xSPC21-14 59.0 de 21.0 bcd 118.9 b-e 29.3 b-e
PC3xSPC23-6 57.2 bc 224 b-e 89.7 e-f 22.1 ef
PC3xSPC23-14 618 f 23.6 cde 95.2 def 23.5 def
PC3xSPC23-17 57.9 bcd 17.5 ab 118.9 b-e 29.4 b-e
PC3xSPC23-18 599 e 265e 84.7 f 209 f
PC3 (control) 58.9 de®’ 20.2 bed 126.3 abc 31.2 abc

CV (%) 1.5 19.7 16.0 16.0

Y Means in the same column, followed by a common letter are not significantly different at the 5% level by DMRT
#(-) PC3xSPC11-9’s productivity was erratic and was excluded from statistical analysis

(Noted: PC is Pleurotus cystidiosus; SPC is single spore of Pleurotus cystidiosus)
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Figure 2 Morphological characteristics of 14 Abalone mushroom hybrid strains compared with

PC3; cultivation period from September to December 2023

(Note: PC is Pleurotus cystidiosus; SPC is single spore of Pleurotus cystidiosus)

Figure 3 Morphological characteristics of
Abalone mushroom hybrid strains

with fan-shaped cap
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Figure 4 Morpholosical characteristics of Abalone mushroom hybrid strains with funnel-shaped

cap (Note: PC is Pleurotus cystidiosus; SPC is single spore of Pleurotus cystidiosus)

Figure 5 Morpholosgical characteristics of Abalone mushroom hybrid strains with bivalve shell-shaped and

funnel-shaped caps (Note: PC is Pleurotus cystidiosus; SPC is single spore of Pleurotus cystidiosus)

Table 3 Proximate content of abalone mushroom hybrid strains and Abalone mushroom

compared with PC3

Strain Ash Calories Calories from fat  Carbohydrate Fat Moisture Protein

(g/100¢) (Kcal/100¢) (Kcal/100¢) (g/100¢) (g/100g)  (g/100%) (g/100¢)
PC3xSPC11-4 1.21 39.81 1.89 7.56 0.21 89.10 1.92
PC3xSPC11-9 1.00 55.57 0.81 10.88 0.09 85.22 281
PC3xSPC14-21 0.95 41.85 1.53 8.19 0.17 88.80 1.89
PC3xSPC14-24 1.04 38.60 1.80 7.02 0.20 89.56 2.18
PC3xSPC15-2 0.66 36.75 1.71 6.68 0.19 90.39 2.08
PC3xSPC15-7 0.73 36.91 1.71 6.69 0.19 90.28 2.11
PC3xSPC15-14 0.73 34.66 1.62 6.80 0.18 90.83 1.46
PC3xSPC21-1 0.79 34.72 1.80 6.48 0.20 90.78 1.75
PC3xSPC21-4 0.93 35.18 1.62 6.66 0.18 90.50 1.73
PC3xSPC21-14 1.51 36.72 1.44 6.97 0.16 89.51 1.85
PC3xSPC23-6 0.96 44.30 1.62 8.28 0.18 88.19 2.39
PC3xSPC23-14 0.87 44.33 1.89 7.92 0.21 88.31 2.69
PC3xSPC23-17 0.78 43.25 1.17 8.02 0.13 88.57 2.50
PC3xSPC23-18 0.78 39.90 1.26 7.55 0.14 89.42 2.11
PC3 (Control) 0.87 38.47 1.71 7.15 0.19 89.75 2.04

Source: Central Laboratory (Thailand) Company Limited
(Noted: PC is Pleurotus cystidiosus; SPC is single spore of Pleurotus cystidiosus)

Protein = %N x 6.25
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Connected to the Three Point Free Link Attachment of Farm Tractor
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ABSTRACT

In harvesting cassava, the process of transporting and cutting tubers from root clusters has
no labor-saving machine. The objective of this research was to develop a conveyor and cutting
machine attached to a tractor for use in the harvesting process of cassava root clusters in the
field. Cassava variety Kasetsart50 was used for machine testing. The average width of cassava
tubers with stumps was 56.5 cm, the average diameter of the stumps was 5.9 cm, the maximum
distance of the tuber attached to the stump was 6 cm and the minimum height from the bottom
of the root cluster to the handheld position was 10 cm. Results from the laboratory performance
test, which machine was run by attaching the conveyor and cutting section to the three-point
hitch of a tractor, showed that the steel mesh conveyor plate at a conveying inclination angle of
20 degrees had a conveying efficiency of 97%, with a maximum conveying capacity of 1,870 kg/hr.
The blade diameter of 5.6 cm at a rotational speed of 800 rpm had the highest cutting efficiency
of 72.9%. The lowest adulterated root cluster was 27.1%, the percentage of loss was 0.04%, and
the cutting capacity was 660 kg/hr or 263 root clusters/hr. Results from the machine performance
test in the field showed that the average conveying efficiency was 95.3% or a conveying rate of
2,634 kg/hr. The average fuel consumption was 2.42 I/hr. The average cutting efficiency was 85.4%.
The average adulterated cassava root cluster fraction was 12.9%. The average loss was 1.65%.
The cutting capacity was 481 kg/hr or 276 root clusters/hr. The cassava root cluster conveyor and
root cutting machine connected to the three-point free link attachment of the farm tractor can

operate efficiently.
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Figure 1 Cassava-root cluster conveyor drawing
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Figure 2 Cylindrical blade for cutting
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Figure 3 Cassava root cutting using hole saw

set for cutting
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Figure 4 A set for cutting cassava tubers from stump showing supporting tray (1), safety protection

device (2), blade diameter of 5.6 cm (3), blade diameter of 4.7 cm (4), hydraulic motor

(5), cassava pickup tray (6), control pedal (7)
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Figure 5 Testing conveyor and cutting machine
attached to a tractor for harvesting

cassava in the field
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Table 1 Physical characteristics of cassava variety Kasetsart50 that affected conveyor and

cutting machine

Width of Diameter Distance of the Height from the bottom of
Size cassava-root of stump  tuber attached to  the cassava-root clusters to
clusters (cm) (cm) the stump (cm) the handle (cm)
Max. 98 5.11 6 20
Min. 26 3.8 3 10
Average 56.5 5.9 4.1 14.7
SD 15 0.61 1.1 2.95
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Figure 6 Conveying efficiency of conveyor

plate tests in a workshop
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Figure 7 Un-conveying of cassava-root clusters at
varies rotational speed of the conveyor

plate test in the operating plant
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Figure 8 Conveying capacity of the conveyor

plate test in the operating plant
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Figure 9 Conveying efficiency of the conveying

tilt angle test in the operating plant
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Figure 10 Percentage of unloaded conveying

angle tests in an operating plant
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Figure 12 Cutting performance of cutting system

tests in the workshop
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Figure 13 Percentage of adulterated cassava-
root cluster fraction of the cutting

system test in the operating plant
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Figure 14 Loss percentage of cutting system

tests in operating plants
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Figure 15 Cutting capacity of cutting system

tests in the workshop
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Table 2 Results from conveyor test in the field

Parameter Average Unit
value
Conveying efficiency 95.3 %
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Capacity of conveying 2,634 ke¢/hr
Fuel consumption 2.42 hr
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Table 3 Results from cutting test in the field

Parameter Value Unit
Average cutting 85.4 %
performance

Average adulterated 12.9 %
cassava root cluster fraction

Average loss 1.7 %
Cutting capacity 481  ke/hr
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Wheat Flour Substitution by the Application of Dioscorea alata L. Flour
Consisting High Resistant Starch in Butter Cookies
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ABSTRACT

Dioscorea alata L. is a tuber crop belonging to the yam genus. It is a starchy tuber
with great potential for use in food production. However, loss occurred from tubers that do not
meet consumer standards due to size or appearance. To add more value to these tubers, they
were processed into flour and used as an ingredient in food products. This study aimed to
investigate the nutritional composition of D. alata flour, its shelf life in three types of packaging,
plastic bags (PE), vacuum-sealed plastic bags (LLDPE), and aluminum foil bags (AF) during storage
periods of 0, 2, 4, and 6 months, including the potential as the wheat flour substitute in butter
cookies at substitution levels of 0, 25, 50, 75, and 100% of flour weight. The result of nutritional
analysis revealed that D. alata flour was gluten-free flour, with carbohydrate, protein, fiber,
amylose, and resistant starch contents of 83.48, 6.70, 10.72%, 19.20, and 54.25%, respectively.
Among the packaging types, AF was the most effective in maintaining flour quality, resulting in
lower moisture content, water activity, and aflatoxin B1 levels compared to those of PE and
LLDPE. Using D. alata flour as a 50% substitution of wheat flour in butter cookies showed the
highest overall acceptability of 6.8, which had no significant difference to that of the wheat flour
cookies. Butter cookies made from wheat flour contained 0.24% resistant starch (RS), whereas
butter cookies made from a mixture of 50% D. alata flour contained 11.65% RS, which was
48.54 times higher than that of wheat flour cookies. This research highlights more utilization of

D. alata tubers that do not meet consumer standards.

Keywords: Dioscorea alata L.; flour; storage; resistant starch; butter cookie
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AU u U8 asyvesudanlanasy
mgndMiiuinwluge PE waz LLDPE Jan
diFunaonegniafiuinm uazganiudeiif
$nwiluge AF ulafiifusnwiluge AF fid a,
anasan 0.25 etiududu 0.20 Tuideud 6
(Table 3) wansliiiuings AF awnsasnwian a,,
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Table 1 Nutritional value of D. alata flour

nsias yvend osluutsantuaiuznd g
dlesnidesannsaasyiivinldaluanizdid
A1 a, 0.92-0.98 (Auduinnssumalulagnganis
e, 2566) Wuieatusisaulunilsanads
WUI1An &, MATUT9 049061 FeatumsAulnves

LW9I169 9 WU A flavus Wag A. parasiticus

NARANTNYOEWAIMBNTU (Marynin et al,, 2021)

Nutritional value D. alata flour Unit
Gluten allergen ND me/kg
Total energy 366.7 kcal/100g
Energy from fat 5.94 kcal/100g
Total fat 0.66 g/100¢
Total saturated fatty acid 0.29 g/100¢
Cholesterol 0 mg/100¢
Protein (N x 5.70) 6.70 g/100¢
Total carbohydrate (Include fiber) 83.48 ¢/100¢g
Total dietary fiber 10.72 g/100¢
Moisture 6.21 g/100¢g
Ash 2.95 ¢/100g
Total sugar 12.4 g/100¢
Sodium 122 me/100g
Calcium 25.8 mg/100¢
Iron 1.07 mg/100g
Total vitamin A 0 ug/100g
Vitamin B1 0 mg/100¢g
Vitamin B2 0.4 mg/100¢g

ND = Not detected

Table 2 Resistant starch content, amylose content, color values (L*, a*, b*) and

whiteness index of D. alata flour

Properties

D. alata flour

Resistant starch
Amylose

Lightness (L*)
Redness (a*)
Yellowness (b*)
Whiteness index (WI)

54.25%
19.20%
63.16
1.48
3.70
62.4
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Figure 1 Scanning electron microscopy (SEM) image of D. alata flour at 500X (A) and 3000X (B)

MsiiudneuIuT Ui USINaEn Y AFBI
Lﬁumﬂ%uaﬂwqﬁﬁ’aﬁ’ﬁigmqaﬁa lesainnis
Lﬁu%’ﬂmﬁmwﬁu%ﬁmmﬁuazauiuuﬂqqﬁue?fq
daasunsiulnveades (Richard, 2007) 1ile
Wisuieurinvesussadua wuin n1siiy

$nwiunu 6 Liou ulleiiAuluge AF fUFunw
AFB1 ﬁaaﬁqm fo 5.01 ppb Faldunnsnsain
wilafiivluga PE (Table 3) agnslsfinm U3
fausivs 3 vilafusuna AFBI ldiAunnsgu
(U92n1ANIENINaIs1I0de atiufl 414, 2563)

Table 3 Influence of packaging and storage time on moisture content, water activity (a,,) and

aflatoxin (AFB1) content of D. alata flour during storage for six months at room temperature

Quality of Storage time Packaging ¥
D. alata flour (month) PE LLDPE AF
Moisture content (%) 0 541 a A 541 a A 541 c A
2 592 b A 588 b A 495 a A
a4 682 c B 709 ¢ C 5.19 A
6 817 d B 805 d B 5.10 A
CV (@) = 1.3%; CV (b) = 1.5%
Ay 0 025 a A 025 a A 025 b A
2 026 b B 026 a B 0.19 a A
a4 036 ¢ B 038 b B 025 b A
6 042 d B 041 c B 020 a A
CV(a) = 4.1%; CV (b) = 5.3%
AFB1 content (ppb) 0 1.28 b A 1.28 b A 1.28 b A
2 040 a A 023 a A 0.14 a A
4 255 ¢ B 1.76 b AB 133 b A
6 581 d A 696 c B 501 c A

CV (a) = 24.3%; CV (b) = 22.9%

YIn a column, means followed by a common letter (a, b, ¢) are not significantly different at the 5% level by DMRT and in a row,

means followed by a capital letter (A, B, C) are not significantly different at the 5% level by DMRT
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Mangaraj, 2011; Raleng et al., 2014) Fatiu
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Table 4 Influence of packaging and storage time on lightness (L*), redness (a*), yellowness (b*)

and whiteness index (WI) of D. alata flour during storage for six months at room temperature

Quality of Storage time Packaging?
D. alata flour (month) PE LLDPE AF
L* 0 6340 a A 6302 a B 6307 a B
2 6254 a AB 6274 a A 6250 a B
4 6244 a B 6227 a A 62.18 a A
6 6260 a A 6251 a A 6248 a A
CV (@) = 0.4%; CV (b) = 0.4%
a* 0 1.53 a B 1.47 a A 144 a A
2 1.70 Db C 1.63 b B 1.55 b A
a4 1.90 c C 182 ¢ B 1.69 ¢ A
6 214 d C 205 d B 1.80 d A
CV (@) = 1.8%; CV (b) = 0.8%
b* 0 3.72 a B 366 a A 371 a B
2 384 b A 390 b C 387 b B
4 4.12 B 405 c AB 403 c A
6 375 ab A 373 a AB 364 d B
CV (@) =1.9%; CV (b) = 1.3%
Wi 0 62.18% 62.81 62.86
2 62.30 62.50 62.27
4 62.17 62.01 61.93
6 62.37 62.27 62.27

CV. (@) = 0.4%; C.V. (b) = 0.4%

7In a column, means followed by a common letter (a, b, ¢) are not significantly different at the 5% level by DMRT and in a row,
means followed by a capital letter (A, B, C) are not significantly different at the 5% level by DMRT
% In each column and row, means are not significantly different
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a1 ua1INENI12 25 50 waz 75% dAzuuu
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Table 5 Consumer acceptance scores of butter cookies as affected by wheat flour substitution

with different amount of D. alata flour

Amount of D. alata flour

Acceptance scores of butter cookies

(%) Color Flavor Taste Texture Overall acceptability
0 6.8 b 6.6 ab 6.8 a 6.5a 6.7 ab
25 73a 6.8 a 6.5 ab 6.8 a 6.6 ab
50 71a 6.7 a 6.8 a 6.7 a 6.8 a
75 72 a 6.5 ab 62b 6.0 b 63b
100 73 a 63b 55c¢ 59b 57c
CV (%) 8.3 11.3 12.0 9.8 11.0

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

896 (taste) D eduia (texture) Lag
ANUYAULALTIN ATULUNITERUTUVBIUTLAA
fouasana Lusi naunudeulanaiasiy
IMUENINI 25 Uay 50% UAZLUUNITIBNSUTDS

50

fuslaaliuandsarnaniueanutlend (Table
5) 4958917 Lﬁumﬁuﬁ’mmlm%’mauuguﬁ
anunsanenlaiesinussLanwan o laun
sl WS oy wazgunil (Mouritsen, 2015) Wi

2MINIIBININBAT ﬂﬁ 43 Qﬂﬂﬁl 1 4NAN - LNEBU 2568



slamiuarmgniradlethumaumuutaandluani
weludadiu 75 waz 100% vilianAdladide
Huaitulaviisanaivdsannnausensalsen
Fohlidazuuumssensuvesguilansniinni
nudsand dnvaziiefiuiulorainainiden
goaudafuanuyndn Tnedunaldanluduneu
msudnudanan Wevsnwdenuazduilodu
U 9 udilinuinddlensenundusuau
wn Feu Tumsiauadadasianiainud ey
mamw%’ﬂﬂﬁlﬂuﬁsau%’wmﬁg’uﬂmmﬁﬁmi
e nau va uavdlonveaiuamusnd niienadwa
G\'@LﬁaﬁmﬁaﬁiﬂLﬂuﬁsam%’wmﬁuﬂmaaﬂhﬂﬁ
Ishnniige visesimsiduingAvieduiionaundu
A Wy nAundaan NAuLLE WeeLusa
uoust gnine ieszshsfismud Joalnuastn Lite
navsamRlam e oduiavesanily

e ‘

100% D.

A

-

50% D. 25% D.

100% wheat flour

Figure 2 Butter cookies mixed with different

amount of D. alata flour

3.2 Bsanaud smamunseeelun@ndoue
anfiusanudsanaduimaudaiumy
3888 0.24% dauanf ueiildudaanndy
M3 Tvawnwlsend lugnsnau 50% JUsHnn
uilsftmuynunseies 11.65% (Table 6) gamimAniann

wi9ena 4854 win Yeaenra aanunsAnYIUS a4
aununisgegluaniAnaunuudsandasuds
ARBAU 509% FNSONLUS N IR WTUNNSE BY

o
0y

Tuﬂﬂ?ﬁéf 8.73% (Ratnasari et al., 2018) #41J
A15ERdanantuangns 1Ina ULl 9@1d g
Wuwmmarilslumafis S et smmunsd ogls
Tuaraensrilemslulawnmd uerUseneurdn
fvinawdeinumunsdesas lifinguiu Jamne
dmsuwandundasasiunes i lidesnisary
witlenuasarEoneu wiliernaminseulsl egndlsfiny
wanlanguaniusndnindwanizda Wieeu
Wasuduathmagininisiudeena esannd
ﬁ‘;wmatﬂudauﬂizﬂauqm’jw o msludaan
Suamuend rvaunut wend unsdy San1sinen
N1380u5UTRIRUTLAA WU NMInaunukdeand
sreudanardiduaningnslugnsidiu 50%
wiszaNfian nsiiudrunandutisnaunauld
agelsiny delamneduduingnulunteand
nsnnaesiiuswiladdiudseneuaslusiu
NI FnAuvesELas SENER M FERGREN R
mnnanluneIaeensdigasiuuiuliuazan
Aunuleg U LUUNANYTRNINTULNY 813V
ndu sav1iiUa suly wasdnanouSuaud
Frumunisteslundnsnsianimnlidndiuuts
TUINUENT1INUALUET L oa1TRIY
AU WUl daunuainitudeand lnewdaian
fuamugndndidunu 112.5 U/nn. Kadu nsv
NE P9 UIND3 9 NsTUI ENE AR5
naugnAfiuiioguam
nslUslorinniiua NN LA ALY
wiaai liidufidosnsvesmarnlneisnudndu
wiarlansTuanuend 1 Snsiusnunfimanzey
warU WiHaRSILUNGS Wy ﬂﬂﬁ auillunisan
Msgrydevdsnaifiuie uastheiuseldlity
mwmm;:IUQﬂﬁumamw%ﬁa%ﬂmmﬁaﬁqsJ

Thai Agricultural Research Journal Vol. 43 No. 1 January - April 2025 51



Table 6 Resistant starch (RS) content in cookies
made from wheat flour and cookies made

from wheat mixed with D. alata flour

Treatment RS content(%)

Cookies made from wheat flour 0.24
Cookies made from wheat mixed with

D. alata flour 11.65
(wheat flour : D. alata flour = 50 : 50)

t-test 58.23**
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ABSTRACT

The objective of this research was to examine the appropriate weed control for increasing
the yield and quality of vegetable soybean cv. DOA Chiang Mai 84-2. The experiment was
conducted at Chiang Mai Field Crops Research Center in the 2 dry seasons from November 2021
to May 2023. Ten treatments were tested, using different herbicides as single agents and mixtures,
at different rates of active ingredients and different application intervals. Some treatments were
supplemented with hand weeding. The treatments were compared with only hand weeding
treatment and no weeding treatment. The results revealed that the total dry weight of all weed
controls was significantly lower and different from that of the no weed control treatment. The
metribuzin was only slightly toxic to vegetable soybeans at 15 days after application (DAA). No
toxicity was observed at 30 DAA. Spraying fluazifop-P-butyl and haloxyfop-R-methyl together with
the broadleaf herbicide fomesafen was moderately toxic at 7 DAA, and the toxicity decreased to
slightly toxic at 15-30 DAA. Weed control efficiency showed that using fluazifop-P-butyl + fomesafen
together with hand weeding and using haloxyfop-R-methyl + fomesafen together with hand weeding
gave moderate and good weed control. These two treatments gave the highest total yield of
1,680 and 1,595 kg/rai and gave the highest marketable yield of 1,280 and 1,244 kg/rai. All weed
control treatments had a benefit-cost ratio (BCR) of more than 1 (worth investing). The application
of fluazifop-P-butyl + fomesafen together with hand weeding had the highest value of an

investment.

Keywords: weed control; yield; vegetable soybean; DOA Chiang Mai 84-2
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IN5A 8-24-24 8031 30-50 nn./ls leendtuuy
wifudasmfeudunavuagind evtiAu vinis
Aand A us§ wudeailnandaoy sda0m
Islwideu 8031 200 nAudawugduvdosiingn
10-12 nn. Ugndumdesilnaniusnin. 1 Fedlvsl
84-2 TdszzUan 50x20 Y. NUoALAA 3-4 Wan
ey ManTuivnunssuiseng q Admuely
Slofeny 15-20 fundssen neulenduiLmde
Wiwde 2 suvau nSeuiulddendiingm 13-13-21
9n31 30-50 nn./13 Inelsed1aunauaIngIuAy
naulaudu uaziiedae1y 45-50 Yundssen
lddeeise 9031 25 nn./ls Tnelsednsuaadan
U URuazguasnwLUamaaewmuA 1l iIve s
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Auieniinas 2 dUai

N1INAEBUUTZANTAINNNTAIINIVNY

Mn1snaadeun1InsaTIw s lunlas
fundesiinan s1uau 10 n35uAs fedl

1. dnSuitasouseny 1 ad 71 15-20
Tunaaugn

2. metribuzin 87151 70 . miaaﬂqw%‘/H
NUAQUAUNAIUGN

3. fluazifop-P-butyl + fomesafen 9731
26+40 . aseengs/ls wuil 15 Fundagn

4. haloxyfop-R-methyl + fomesafen

9931 20+40 . aseenga/ls Wuw 15 Jumdaan
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9. haloxyfop-R-methyl + fomesafen
8991 20+40 n. anseengwd/ls Wundsugn 15 Tu
wazidafiefoussen 1 ads 7 45 Tunaalgn

10. Tiridn e

Adafsigmunssuisimmualy nsw
arsnmandenvlvaslonaznionas (knapsack
sprayer) ¥ianugUin Tsmsmi 80 ans/ls Suiin
foyavdinfufiniinuuaniminuiwesiaiiv oy
dufiuioeeTuivlufiug 0.25 as.a. S1uam 2
w/ulasges 7 30 Fumdansidntviialundas
35035 uaznewAuiA e tutuenvidaiui
wazihluaufigamad 80 °w. 1lunan 48 Falus

LNDTIUNATIN LA

Uszfiuanuduneiazuszansnnueedns
AN TYNY

Useifiuanuduiwvesasidnisivne
fundomddldansidntuiusoaiem fiszes 7
15 wag 30 Jumdawiuans mudnuasiusngds
ARLUANINIENSUsEuYRINgadTe TNy
(2554) uag 93 wavamy (2562) lngldseau
AU 1-10 Fal)

0: WyUgnlaluansonisiiniie

1: Tuwd sudusnameululidnandy
Wwigiulalaung

2: TuLUd pud uneaauuala o ely
Wwigulalaung

3; Juendv st bivisiu S eyl und

a: Tuwasudwsluuslaivagu w3eluiingy
n3edonsluivsiaveululufisnanslu Tulwml
WiAulaldund waziidwdiTen 60% ey
funssuIsAIuAY

5: Tuwasudwsluuslaivagu w3elulingy
wselulmiursduuslaivsielu lulmiasagdvle
I6und wasfldwdifen 50% Waieufunssuds
AIUAY

6: Tuiasudisluuslaivagu w3eluiingy
wiolulnshialy Tulmiiasauivlnlduni uazd
dwdiden 40% Weiflvuiunssuisaun

7: Tundend W3 oluingy vidolulmdioi g
usisldudiden 30% Welisuiunssisniue

8: lunaena w3eluiingy vidalulndiiagi
usisldudiTen 20% lelisuiunssisniue

9: luaeud w3eluingy vidalulndiiag
wifldmdiBeausing 10% eiieufunssuis
AIUAY

10: ﬁﬁjﬂqﬂmaﬁgmm

Userliulssansnimnisaiuauiviieeie
aue WIsueuiunssuaslman iy Tnevin
nsUssfiundamsindntuiia 3 ass fisves 15
30 LAz 45 JUNSINUAS lnuanuuatunann
A5N15UsEIiuves nauIdeduiy (2554) uag
ATRYYN harAy (2562) 1USEUU 0-10 AY
dnwairusing Tae 0 laiansamunuuiald
wag 1-10 a1ursapuAuivigla 10-100%
AUARU
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WuResiesumdostinaniiiinla wia Wil
wardldWedan (see Ry 07Y 63-65 Tunadean
Tuusiazudasdoarfuioluiiud 3x3 4. Tudin
dviinuanan uavesdusznaunan Taun s1uau
du/ls Srunuiln/du Srunuude/iin way dmin
100 wanan 7aA1u89970 10 Aw/wlasgae
FIUANNINTFIN/AN. AUNTI AN WA
ANUNUITBIENUINTFIUIN 20 Hn/uUasees

n3ATIEdaya
ﬁ’l%@;ﬂﬁﬁiﬁﬁ%\iﬁmLLU@QW@@@Q@JW%L@i’]%ﬁ
HANNED A WazdLATIERAINLUTUIIUT Y
(combined analysis of variance) L U5 8 UL 81U
ANRANAsUeALed sluniaznssuislneds
Duncan’s new multiple range test (DMRT)
AMUIUAUNUNITHER wagn1sUTeLiiy
ANUANAMIUATYIAY IMNSATIEIUNARDULNUY

Gfam'im‘wqu (benefit cost ratio: BCR) (‘g%‘w,
2540) Wisuiguyardagiuvewanauunuiu
war1dagduvesiunu Tdnuelunsandulane
A1 BCR #Ra11nnin 1 B9vmneanuimanauuy
flgaginnnii

NANISNAAILAZINTa]

FuitwmdnAnuaniigaluuvasdundos
Hnanstug nanidedlu 84-2 Tunsnmaesil Ae
na1@uun (Digitaria ciliaris (Retz.) Koel.) #e)1
Funn (Eleusine indica L) wazi'nid suay
(Cleome rutidosperma DC.) A aLdu 69.8 19.4
WAy 3.5% AUAIRU (Table 1) §3 Tadiel uavmme
(2565) Mseeuin ngfunnduTufiefinuan
Lazinansenusonandnvasiides lnenume
fund 48.0% vesdiuauTuiviiny

Table 1 Mean number of major weeds found in the no weeding plots of vegetable soybean cv.

DOA Chiang Mai 84-2 before harvesting from two trials at Chiang Mai Field Crops Research
Center in dry season 2021/22 - 2022/23

Weed species Number of plant/m? % of weed
2021/22 2022/23 Mean 2021/22 2022/23 Mean
Digitaria ciliaris (Retz.) Koeler 23 384 204 21.3 80.7 69.9
Eleusine indica L. 51 63 57 a7.2 13.2 19.5
Cleome rutidosperma DC. 7 13 10 6.5 2.7 3.4
Other weeds 27 16 21 25 34 7.2
Total 108 a76 292 100 100 100

dwinustevesiuiie LLasmmgwaeﬁ"amﬁaa
Lunuufduitussening lnefiszes 30
JundemIndynylunaaznssuds wuln yn
55351 nsdaTuitaiivmdnutssauves
Tivtpeninlasnnse gl tsd Ay n19ann
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metribuzin 2) metribuzin $3UAUAITATA TN
PELTIIUA 3) metribuzin $9AU fluazifop-P-
butyl + fomesafen Wag 4) metribuzin § 211U
haloxyfop-R-methyl + fomesafen ﬁ‘f’mﬁmlﬁﬁ
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smesiviivioniign fAnadveysewing 27.2 -
44.6 n./n5.3. luvauedinislaisdn ity fdmin
LLﬁQ'iauﬁuaﬁﬂaﬁﬂamﬂﬁqm 400.9 n./a5.4. (Table 2)
TuszoznouAuer WUI1 Yrndnusie
suvesiuiivynnssdsidnsidntviuiives
NILazlaNFeglTuE A NNERRIUNTINAD
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N350335 7 Ll e a YR ed anuunnm19eg 193

v o W aa v

FYAIANIEDRNUNNNTIUITNANITAITIATUNY

v q
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drunssus Tl da it ﬁfsmﬁmﬁmmqqmn
flan 30.8 93, (Table 2) uiflarduvuIALan
iesndinsudadusuufimiiofuneas denados
funsfnwves Akey et al. (1990) 7151891137
’S’szﬂsnﬁlifum'ﬁuiuwmﬁﬁLwﬁawzqmdw
UM waruanAAuaILInNnIY Sl
Tonalduaannnindindes Tneanusavasuie

MADY YNAIMARIINaNARanaY 19-25%
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FYNY

AsUseiduanuduiwuesa1snidn
Sfnotamdosigasn wu nssuAsAang
Igansmaniviy metribuzin WuAguAnMaIUgn
lifinansenusosudundesiiszey 7 Sundeu
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HuRwidndos uazernisnduuunffiszes 30
SundIny donndesiu Susdng wasamy (2551)
ﬁﬂa"lm'ﬂ n1519'@15 alachlor clomazone
metribuzin pendimethalin clomazone +
pendimethalin ke ¢ metribuzin + pendimethalin

WyUgnliuaniainistasuiiy n1sldansiidn

TJenvuunousanuilagig 9 ludnansznuse
WyUgn daunssudsnldarsnmdnivivlunay
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1 [y g

saunvasmIndynasluniig fomesafen wun
G’Tuﬁ"amﬁmLﬂuﬁwag'e[,uizé’umuﬂmqﬁiwz 7
Sundaiu Tnedusandesdilulusiuisdiuunliin
el lulmiasaduleldund wazddudden
Usn4) 50% vessiu 1 elsuiunssuisiluviu
ansmaa ity naeanyuanudufivanas
WuRwanioofisvey 15-30 Yundanu lnodu
Fundoadlutud sudunedru welaasiely
WiaAulaldund (Table 2) Fansld fomesafen
fuavilludundosuansonnislulml waylud
Aadulnineuddldionisdingn dundes
mmaaﬁu&hﬂﬁugjamwﬂnaiéfmwé’qmaw’u
d15 21-28 Tu wagldinanssNuneNanan D
fundes (¥uww, 2544)

Usgdnsaimnisaiuaudviy 11150
uUsngumsindaiuiivesnidu 2 ngu fe ngud 1
dnstdatai 1 ads 14un nesu3BA 1- uae
nauft 2 Smshdnaio 2 A IWun N33 5.9
WuN

nauit 1 fnsidateite 1 ade naaUgn
U3 MlusnuALaIsanIuAL YN Ylad
Uy 15 FUndeamIniviy wagauaun
Tunsmuauazanasdumuaulduiunaisd
speY 30-45 Fundsindaiuiiv daunsaisald
metribuzin fluazifop-P-buty + fomesafen g g
haloxyfop-R-methyl + fomesafen @11 1380
AunnTsivlduunatsdausisrey 15 uaufs
seey 45 Juraamdndviy (Table 2)
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ngudl 2 dinsidaduie 2 ATe vasdgn
WU 919 5 N335 (35335 5-9) anunsaatua

v A

JunalaU1UNaNF A TEeE 15-30 TUNAIN1IN

v

Fuiiy waganunsonluauiviylaansse 45 Ju

[V VA
v I 0o v w A v a A

NRINUMTATINY (Table 2) Meililosa1ndnIg
frdntuinnsd 2 Fevhliuszavanmnsaue
Suftmfindy uavddmanonananiingn Fannsle
fomesafen 8031 40 nuaseanqyisials iy
Huansiien wionwduanswausvansidnuiia
Tuwau arunsanmandaingsiu luwau Tundng
waznnldn wazantminuiesiuitelduanndn
AIsHURIBEIsAITA TR A s psrdalavda
wilanFensldmdaTeia (13 wazame, 2539)
WULAEINY ANEY LazAty (2553) WUl @1g
imazapic, fluazifop-P-butyl + fomesafen LLa¢
haloxyfop-R-methyl + fomesafen @1115071399
Suitlgislunaunazlunisled

NANAR LATIAUTTNOUNANAR
linuujduiussenined »anssuasid
nsidatuiialinandnilinansiuiede 1,336-
1,680 nn./l3 Faunninegedveddymnisada
funssudsiluidniaiio Sdvnandniinansau
tosdigaifios 929 nn./l5 esanynnssiss
nmsidadanasiduaudw/ls Sruiuln/au uag
Ysadn 100 wénan 1anninssudsildinde
TNy WA ded1Aynada lnedd1uiusu
LN 30,800-32,767 A/ls I1uiulinszning
20.0-23.3 fin/fu wazdmdnudaansening
80.0-85.1 1./100 widn Inensssisald fluazifop-
P-butyl + fomesafen saufunslgussual T
wananinanuniian 1,680 nn./ls usliiunnsng
n1sad@nuni1sle  haloxyfop-R-methyl +
fomesafen saufunsldussauau (Table 3) &4
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davdesiinanitug naniFedlni 84-2 anasi
30-05% Fadenndosty nguideivily (2554) 7
wuTsivansarlinanandunde sanas
1a9e 40-80% mlufinsmdniadiy LagnisAnw
Y09 @YY wazAmy (2541) fisteeudn sy
d415019ATYN Y fluazifop-P-butyl + fomesafen
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wazAny (2553) wui1 n15LY fluazifop-P-butyl
+ fomesafen, haloxyfop-R-methyl + fomesafen
waznsmanteivsieile vlvdumdesdsiuvou
Hn/fu dmidniln/éu uaznandndamdesilngs
WNTU Fuiulddn nsidasuiafiunnaneiy
A INANTENUAONANANUALBIAUTENOUNANAR
wANA19T Y 8g19lsARY seAUsENOUNAKANT
dnualzfidangudaanunsanauvuLazvavedeiy
wasuld namfe WieewUsznounandamilsana
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FwedUsznoud o Mty (edumna, 2542)

nanAndnand saingld s1uauidnuinsgiu
HAZAIUNING A2IUB1D AURUIVDSEN

Slefarsanandnilnani srudaele
WU AN ANIAEIAUNaNE PR NAnTIL Wazll
AnauanAsegdtuddyneata lnonssaisd
19 fluazifop-P-butyl + fomesafen sauiun5ldy
WIIUAY Iﬁmamﬁmﬁﬂamﬁaﬁ’mmaiﬁmﬂﬁ'qm
fio 1,280 nn./ls ualduananenisadfnunsly
haloxyfop-R-methyl + fomesafen saufun1sla
wssuau dunshisdntuislinandniis g
Igfoniian 648 nn/l3 (Table 4)
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Qddlo (%

(Table 4) aghalsfeu Msfdaisiiennnssuds NITUITAMIATYN YA BUIINUAY UaznNTIUIT

T¥eiwiin 100 WwWandaunndn (Table 3) 1wand sl metribuzin S ilrrnineln 145 ey 143 .
vnalvg Seidlsidnnuiinnesgwnn. desndn ldusndmeadfdunssuashisdaiviy dad
dumshirdaivitlinandaiismminglstioniian ANl 1.39 @, dIUANNENT WAZAIIUNUY

FIUANUNI9YBIEN NUAMULANFAIINIS gosfinlafimnuuana1eiunEin lnedanade
adnfunssudEaldmsn TR uiy sniy 6.47-6.96 @4l. kaz 0.93-1.00 . MUSAU (Table 4)

Table 3 Mean of total yield and yield components of vegetable soybean cv. DOA Chiang Mai 84-
2 applied with different weed control treatments from two trials at Chiang Mai Field Crops

Research Center in dry season 2021/22-2022/23

Weed control Total yield No. of No. of pods No. of 100 Fresh
treatment? (kg/rai) plants/rai /plant seeds/pod seed wt (g)
1 1,483 ¥ 31,833 ab 20.8 bc 2.40 80.0 ¢
2 1,336 d 31,233 abc 21.7 abc 241 80.2 ¢
3 1,488 c 32,367 ab 20.0 c 247 80.9 bc
4 1,574 bc 32,767 a 21.2 abc 2.48 82.4 abc
5 1,568 bc 32,133 ab 22.8 ab 2.39 85.1a
6 1,532 bc 32,333 ab 23.0 ab 241 82.4 abc
7 1,548 bc 30,800 bc 233 a 2.40 81.6 bc
8 1,680 a 32,567 ab 23.2 ab 2.35 82.6 abc
9 1,595 ab 32,400 ab 22.8 ab 241 83.7 ab
10 929 e 29,367 c 153d 2.10 76.0 d
Mean 1,473 31,780 214 2.38 815
F_test3/ *% * X% ns *%
CV (%) 5.5 5.0 9.6 8.7 3.5

Y Treatments: 1) hand weeding at 15-20 days after planting (DAP) 2) metribuzin 70 g.a.i./rai after planting 3) fluazifop-P-butyl +
fomesafen 24+40 g.a.i/rai at 15-20 DAP 4) haloxyfop-R-methyl + fomesafen 20+40 g.a.i/rai at 15-20 DAP 5) metribuzin 70 g.a.i/rai
after planting and hand weeding at 30 DAP 6) metribuzin 70 g.a.i/rai after planting and fluazifop-P-butyl + fomesafen 24+40
g.a.i/rai at 30 DAP 7) metribuzin 70 g.a.i/rai after planting and haloxyfop-R-methyl + fomesafen 20+40 g.a.i/rai at 30 DAP 8)
fluazifop-P-butyl + fomesafen 24+40 g.a.i/rai at 15 DAP and hand weeding at 45 DAP 9) haloxyfop-R-methyl + fomesafen 20+40
g.a.i/rai at 15 DAP and hand weeding at 45 DAP 10) no weeding

# Means in the same column followed by a common letter are not significantly different at P<0.05 by DMRT

¥ ns = not significant, * = significant at P<0.05, ** = significant at P<0.01

msUstdiuaududnaAsegie wsauay d51elaganian 33,600 un/ls

PnnandaRlE semetaEestings an. Wesnnidinandainanndmiglaaian way

az 20 U WeAaduselaazdiuin nssudsnly msldiidndsivisslddesiiga fe 18,580

fluazifop-P-butyl + fomesafen SunUN1SLY un/ls AUUAUNUNITHA A naauisily
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haloxyfop-R-methyl + fomesafen $2uAU N5
TYwsauau ﬁé\’uﬁqunﬁmﬁmmﬂﬁqm Ao 21,675
vn/l5 sesaunde nssu3sAlY fluazifop-P-
butyl + fomesafen $2uAU 1514 LTIUAYN T
AUNUNITHER 21,330 /1S waznislaindn
Juuddununisndniosfian 20,030 uin/ls
(Table 5) Fauiulsin sununswdndavdesiinas
ynns5Biiange osnmsuandmaesiinan
finsldevsin 8091 2 du/ls Fadu BCR vaawn
nssAsAdnsfidnfuiiefiaududsenisamu
(BCR 2nn31 1) Taw n35u33Ald fluazifop-p-
butyl + fomesafen $auAUNSITLIIUAL TR

BCR 11n#ign Aip 1.58 I90AUANAIRBNITAIVU

o v

undian agslsAniu mnldanunsoldansdndn
Tanwaenanile gearursaldansnandvig
A1uNssUIEE Ui ldlunnsmnasei A lAn BCR
IndiAgety wiemnldflsuuszanalunistoans
Mdntuiiy viensalfiviinisnandunasilnas
WUUBUN3 Y @unsatdenldnisindnivn e e
WsauAY 1 A%a 7 15-20 Tunaslgn ifioeand
AuduAFM I ULy fatu lunisaue
Safluduvdesingn tnunsnsmsdenlddanis
ﬁ'ﬁﬂﬁzﬁmﬁmwLLazIﬁ’mamammuqq a11150

UfURlALazmzaNAUIUUTEUNUBInY

Table 4 Mean of marketable yield, number of pods per kilogram, pod width, pod length and pod
thickness of vegetable soybean cv. DOA Chiang Mai 84-2 applied with different weed
control treatments from two trials at Chiang Mai Field Crops Research Center in dry

season 2021-2023

Weed control  Marketable yield No. of Pod width Pod length Pod thickness

treatment? (kg/rai) pods/kg (cm) (cm) (cm)

1 1,116 cd? 204 a 1.45 abc 6.84 0.96

2 1,009 d 214 a 1.43 bc 6.60 0.94

3 1,077 cd 213 a 1.47 ab 6.78 0.98

4 1,171 bc 209 a 1.49 a 6.87 0.98

5 1,168 bc 207 a 1.50 a 6.85 1.00

6 1,162 bc 213 a 1.46 ab 6.69 0.97

7 1,103 cd 212 a 1.46 ab 6.78 0.97

8 1,280 a 207 a 1.47 ab 6.96 0.99

9 1,244 ab 207 a 1.48 ab 6.80 0.98

10 684 e 244 b 1.39 ¢ 6.47 0.93

Mean 1,101 213 1.46 6.76 0.97
F-test” ** ** ** ns ns
CV (%) 8.3 4.1 35 4.1 4.4

Y Treatments: 1) hand weeding at 15-20 days after planting (DAP) 2) metribuzin 70 g a.i/rai after planting 3) fluazifop-P-butyl + fomesafen
24+40 g a.i/rai at 15-20 DAP 4) haloxyfop-R-methyl + fomesafen 20+40 g a.i/rai at 15-20 DAP 5) metribuzin 70 g a.i/rai after planting and
hand weeding at 30 DAP 6) metribuzin 70 g a.i/rai after planting and fluazifop-P-butyl + fomesafen 24+40 g a.i/rai at 30 DAP 7) metribuzin
70 g a.i./rai after planting and haloxyfop-R-methyl + fomesafen 20+40 g a.i/rai at 30 DAP 8) fluazifop-P-butyl + fomesafen 24+40 g a.i/rai at
15 DAP and hand weeding at 45 DAP 9) haloxyfop-R-methyl + fomesafen 20+40 g a.i/rai at 15 DAP and hand weeding at 45 DAP 10) no weeding

# Means in the same column followed by a common letter are not significantly different at P<0.05 by DMRT

¥ s = not significant, ** = significant at P<0.01
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Table 5 Income, total cost and benefit cost ratio (BCR) of vegetable soybean cv. DOA Chiang Mai

84-2 applied with different weed control treatments at Chiang Mai Field Crops Research

Center in dry season 2021- 2023

Weed control treatment income Total cost BCR
(baht/ra)¥  (baht/rai)?
1. hand weeding at 15 days after planting (DAP) 29,660 20,930 1.42
2. metribuzin 70 ¢ a.i./rai after planting 26,720 20,320 1.31
3. fluazifop-P-butyl + fomesafen 24+40 ¢ a.i./rai at 15-20 DAP 29,760 20,430 1.46
4. haloxyfop-R-methyl + fomesafen 20+40 ¢ a.i./rai at 15-20 DAP 31,480 20,775 1.52
5. metribuzin 70 ¢ a.i./rai after planting and hand weeding at 30 DAP 31,360 21,220 1.48
6. metribuzin 70 ¢ a.i./rai after planting and fluazifop-P-butyl + 30,640 20,720 1.48
fomesafen 24 + 40 ¢ a.i./rai at 30 DAP
7. metribuzin 70 ¢. a.i./rai after planting and haloxyfop-R-methyl + 30,960 21,065 1.47
fomesafen 20 + 40 ¢ a.i./rai at 30 DAP
8. fluazifop-P-butyl + fomesafen 24 + 40 g a.i./rai at 15 DAP and 33,600 21,330 1.58
hand weeding at 45 DAP
9. haloxyfop-R-methyl + fomesafen 20+40 ¢ a.i./rai at 15 DAP and 31,900 21,675 1.47
hand weeding at 45 DAP
10. no weeding 18,580 20,030 0.93
Mean 29,466 20,849 1.41

Y Yield price=20 baht/kg

% Total costs: plowing and raising furrows=900 baht/rai, seed=1,200 baht/rai, watering=600 baht/rai, planting=1,200 baht/rai,
herbicides application + labor cost=0-1,645 baht/rai (metribuzin=140 baht/rai, fluazifop-P-butyl=122 baht/rai, haloxyfop-R-
methyl=467 baht/rai, fomesafen=128 baht/rai and labor cost=150 baht/rai), insecticide application + labor cost=1,100 baht/rai,
fertilizer application + labor cost=11,430 baht/rai (composed fertilizer=9,000 baht/rai, 8-24-24=930 baht/rai, 13-13-21=660
baht/rai, 46-0-0=690 baht/rai and labor cost=75 baht/rai) and harvesting=3,600 baht/rai
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NEYIAUUN REYIAUNT wazfndsuuy vt
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i sy 30 Tundany n1sldansida iy
fluazifop-P-butyl wag haloxyfop-R-methyl $2uAU
ansmaniaialuning fomesafen 1O ufiwliunans
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\dntfosdiszey 15-30 Tundaiuddszavsamn
N13AUANTYNY WU N5 fluazifop-P-butyl
+ fomesafen uagmdndyiunieuseau n1sly
haloxyfop-R-methyl + fornesafen Las N1 a4
MBLTINY ansanuAuiviglaUIunauas A
Tiand sk nansamsnniian 1,680 uag 1,595 nn/ls
waznandniinaniisvingldunndian 1,280 uay
1,244 nn./l3 wagn1smanivieynnssyisd BCR
w1 1 feindudenisasu lnenssaisld
fluazifop-P-butyl + fomesafen wagAda Ty
feussany danududanniign 38nsauau
Fuvdsnanivnzauiavililduusiinwnsns
Tumsugndmdesilnaniiug nan Jedlvsl 84-2
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Green Fluorescence Expression in Two Aquarium Plant Species by

Agrobacterium-Mediated ¢gfp Gene Transferred into the Target Tissues
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ABSTRACT

The development of plants containing novel characteristics can be done using gene
transfer of the target gene into the plant genome. This study aimed to obtain information on the
green fluorescence expression of the gfp gene in 2 aquarium plant species, Anubias nana and
Hyegrophila difformis. The Agrobacterium-mediated gene transfer was used to transfer the gfp gene
and other necessary genes for the process of expression into the plant target tissues. Somatic
callus was used as the target tissue for gene transfer in A. nana, while somatic callus and shoots
were used in H. difformis. The results found that the transformation efficiency was 280 cells of
the Agrobacterium with plasmid (oCAMBIA1304) inside per 1 ug of the plasmid used. The gfp gene
with all necessary other genes was successfully transferred, confirmed by the blue spots by the
GUS gene from histochemical analysis, the occurrence of the target 327 bp band of the gfp DNA
by the PCR technique, and the gfp expression as green fluorescence of the GFP protein. However,
in six-month-old T; plants produced from tissue culture from the original gene-transferred
plantlets (Ty) of both A. nana and H. difformis, which the callus was used as the target tissue, did
not show the gfp band, which was probably due to chimeras. But the T, of H. difformis that the
shoot was used as the target tissue showed the gfp band. It can be concluded that callus should
not be used as the target tissue for gfp gene transfer in these two aquarium plant species, whereas

shoots can be used as the target tissue in H. difformis.

Keywords: green fluorescence; gfp expression; target tissue for gene transfer; aquarium plants
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n1sisuiug L IE S nwazudanividvi
lelngldnsdeaneduiitdnvazdomnistng wad
Fluniie §eldAnwdnuwaeiSesuasdidend
wansoanlnedu o luldi 2 vida liud
aulleauIun (Anubias nana) LazA1INTEINY
(Hygrophila difformis) lasldezlnsuuafisou
(Agrobacterium tumefaciens) \Jusnatadsang
U ofp uardudu 1 fisudusiensuanseanvesty
ofp il sleandnuaadaluoyideauiun
sauzfinmnszangldiiaiedoleufnunadauas
Heifeduseu nansiinw wut Ussavisamans
dwamﬂﬁuagﬁ' 280 wwadveserinsuuaTiSouiisl
wanain (pCAMBIA1304) Sud1nlilulgadane
Usunaumanadniild 1 lulasnsu 8u ofp wieu
Frefudu q Asuduianunldfunisdedieg
dedetimuneduse Lﬁaamﬂmilﬁmmﬁﬁ’nﬁu
Tun‘jaLs‘]'amﬂﬂﬁﬁ%mmiamﬁﬁﬂf&utﬁmmﬂﬁu
GUS matinauoueidmuneyesdiu gfp aun
327 bp MAmALANTD13 LazAinn1TuanIDen
VOBU ¢fp MENITLIOIAIALTEINTUTAY GFP
wilulsheySeauuuazaninszaegugn (1)
01y 6 iieudindnlasmamzdsaioiionn
g uusndldsunisdesngu (1) Tngld
wpadaidudeifetmgldusnguouiidue
1948 U gfp T 1 unsiznisifialaus
(chimera) wiinuwaUA L@ uLO VDT gfp Tugugn
veannsyaefiduseuduiiedeidmang
Fehunslduradadeivunzanlunnduiede
Wmnelunisaedu oo lulddananiaaes
wila luvariinisldid e odugewduidaiie
Wmnefiarumnzadlulihamnsyae

ANAARY: SNWZLI0MAIFTY; NSHEAnIaeN
938U ofp; eodaimuneaiedy; lihaiseu

Unun

Wihanemudmsunnus s sUssdugua
duitenguldnenliuszduiidanudidgynig
wisugh Iisuauiouanieluiagsina sz
saAnsdseaniiinasnuveslnefusum
diudusgaseiies (o3, 2563) Ussinaguan
Ihhansnuitenisdeanselug dun Fells
unade wazlne (Inen waramz, 2540) T
il omsaseeniivnaula loun autdeaun
(Anubias nana) La e M1INSE18 (water wisteria,
Hygrophila difformis) s uii § 09015209
panAsluar AU ST

nsuanlsiiionssmiesndugesd
AR Us1Aanlsa JUSuuunniiganauae
IHunsgumuiinaiadesnis wenaini A
nanuatsuazuUanlvdlugudnuaziving
a’m’liﬂLﬁﬂ;ﬂﬁﬁ’]%ﬂiﬁﬁﬂﬁ@ﬁ%ﬂﬁ (WaU@ Lag
AMY, 2562, 43031 wazANE, 2563) badl
wuanuAad sxwaun I v iauudantng
Tneldinpdnadelvl wedaiiteuld louwd nsds
f188u (gene transfer) vl iAnd nwaizulan
Wgwad luuny dewlduuafiiFoeslng
wuAn LS ouLd udanane (Agrobacterium-
mediated) {0931 T8n3N1sUEBULUaESU
S uevosduiUgnanes amnsaugnaisdy
yuralug laa loyavesdudtuiudey i
Usgdnsamnsugnaiedugs uagduyuen
(Perez-Pineiro et al., 2012)

nsdsgneduiiievliadidingomadld
Juaruwlanivduavinaula Wednisidudivh
TiAnn155oauas gfp Tududuluwadves
L1an3ENguln Aequorea victoria ¥utind
ATUANNITHAALUTAULT DILAIE LT (green
fluorescent protein, GFP) unlalunsasatedu
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9E1LNT YA ToRVDIN1TAIn188U gfp AB
gnunsansivadeulelulwadan 1 niddin uay
752980V lAlAYNTIIINAITEUNANITIS DILEITBY
WsAuidunandnaindulaslydodldans
substrate MSen158oudTionavhatswadle diu
Hedeieildduidedotmnedmsunsas
mnfﬂuéfauﬂmﬁa@aﬁiy (meristic tissue) 399
ansnsofmududuiiauysalieluld wu deide
druvanesnuazlueau gandusau Lasaadd
(callus) 71T w8 uU3Te3in (embryogenic) 3o
lganAnwaaad (somatic callus) Wudu (A3S5504,
2550) 7 adouldunadaud o1 ot mune
desndumadiegsamtudungy dalsifing
waunduiledeviodiusig q vesiiv aunsa
Fnihldandudnsing q vesiimieunnyia 3
ANnurzaslunisanedunigezlnsiuais ey
nniwadluleadaiiugnssumiouduriows e
Ugnaneduudraunsatnihliiaduduauysal
T duTIINLIN wara1unsaasuledaa Ny
nsdugAnevesiivflediunisarennduls
(Li et al., 2003)
Lﬁmmﬂawﬁsamu'u,l,azm’mzmaLi‘Ju
hhaneudufigosnisvemanaiienisdseen
nsWaullihdnanidnunzulaninlng
a'm'ﬁm%aLLaaléfu'wzﬁﬂﬁaﬂammwmmLﬁm
wnu faduishmanaassddeeiinguszasiiie
ANWIRNWULNITLANIDBNUDITULS BILAIVDTY
ofo Wldthenean fiiumsdsnedugeesing
wedieugidadedmunglusydeauuiuas
p1anszane eduuuamdunsiauniugli
T dnwarnssewadld deesdulsslovine
n15A1velsiianseui f aauuvanlnaly

DUIAR
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qﬂnsmuamsms

fidumsiinedid EJLL@%WG;Ju’lﬁuqﬂﬁﬁJﬁ'm’jﬁﬂ
3. Unus 1l lueslfuinisssuuln museideu
BrsfnuidedaiTindaulaniugnssy wazed
TUAIUAIVANA LAYBIANENTTUNITAIIY
Uaeadenetinmseiuan iy nsudseus

1. mawlsuiiadativane

1.1 wisudusey dwiunisuileds
Whineiieldlunisanedu

‘v‘hmiL‘wwzL?Tmﬁal,%iﬁﬁwawﬁsamm
M1UTFTNI5V0IATATY havAMy (2551) wag
A1INTEANY MINTTVDIGTNA haggInsa (2551)
dolilasruudugeuiivsmedmdunisinsey
dadeutmnaiteldlunsaesy

1.2 wReuiladadwanedieldlumsanety

wSpulaunfnuaadaiotduidoide
Whvnglude 1.1 delmasydulanfnunada
PINIBNITVDIETENT wazAY (2563) Laznnaol
194 018 edusou Tngluiuduneunisdnui
weada Wudedetmanglunsdenesululii

ANINTLAYN Y

2. YumauNsTUIUNSEEeTY

2.1 wisudeoslnsuuniSeuuazwanadio

ANTUNITAINITUDINATIF LazAE
(2562) way d3n31 wazAue (2563) lagld
T oozlnsuuaiiSouvda Agrobacterium
tumefaciens angWug LBAA404 (ElectroMax™,
Invitrogen Life Technologies, Crop., U.S.A) %"
A13LA5ouLd savlnsuuaiLS oufind oudy
warada (plasmid) 158 competent cells a3
A8n1slutenarsanaunsld (Invitrogen Life
Technologies, Crop. U.S.A) fensIdeiiLAY
ududasnazarefigumgiuszana 4 "o udanh
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L%yal,ﬁyﬂﬂummimmqm LB (Luria bertani
broth; tryptone 10 n./@. yeast extract 5 n./4.
war NaCl 5 n./a.) fivinen Rifampicin 50 1n./a.
wasUsu pH 7.0 18 ssUd euuiad oaugnans
AN32 120 sOU/UNT Tigaumindl 25 . wazyi
nIsLeIEUNATELln pCAMBIA1304 (Marker Gene
Technologies Inc., U.S.A) Faduy binary vector
YUIA 12,362 bp (base pair) A11ULTUT U 1

a

Tulasnsu/un. Nilasuiduteludiu T-DNA &3

a

guauANNTasILUTAULIBILES gfp (Mgfp5) Bu
TUslutmes (promoter gene) CaMV35S 81
Aun1ue1U¥ug Kanamycin R (KanR) wag
Hygromycin R (HygR) L0 ududniden wasdu
gusA (GUS) 1Hudusieauna (reporting gene)

2.2 anatadaid g 1ead azlng
LUANLSBY (transformation)

AT UNITANN WaVIF WazAME (2562)

LAy 43051 wazane (2563) lngtnatailadng
waditoeslnsuuaiieudeds electroporation
Fadunisnsedulagldnszualiii 2 Alaliad
AuATLYY 200 Tovia Anwglniii 25 lulashse
Tneldiaseq electroporation (BTX electro cell
manipulator 600, U.S.A) i siipeglnsuuaiiien
fikunn3vh electroporation Twemnsinas SOC
(super optimal broth with catabolite repression)
Usu1ms 1 wa. antudhevsinsiamaluides
vue1m1s daduomsiwdegns LB finauen
Ufdauzniuedu i elddmdenidearing
wupTSeudilaYunanadin pCAMBIAL304 U
Sunilaladvesdoorinsuuaiidondiasaiuuy
a9t v U uInUsEANS A saen
anaile LG{T’IEj \ag (transformation efficiency;
EDVOTEK, 2024) ilaladidiendiiasaguueinis
TWidssenesluomsiven LB wielildideszing
WUATILTBUTIUIULNEIND

2.3 9188U ¢fp L%’ﬁszﬁaL?faLflmmaﬁ
wseuls

Tneiduneusndunsisuduaindaud s
FuiaBotmneiiwseuliands 1.2 Wdvue
Uszanal 0.5 wa. vinsidsseglnsuuaiieui
fnanada pCAMBIA1304 Tua1m15imaIgns LB
waInIzAUNITRTYIazlnTLUANLS sulae TR
n’13@mﬂﬁuumﬁmmmﬂmm?{u 600 WL ULLUAS
(optical density, O.D.¢p) A28 589 spectrophotometer
Sleezlnswuaiisouasyissedu log phase
(O.D.g90 = 1.0-1.2) ¥ lUt wnd vsls¥mnmnznou
LLé’aﬁﬂiJLﬂ?iaudwmmimmqm LB finawans
acetosyringone 100 lulasluans uagnauans
celite (SI0,) 5 un./ua. vt anszs uLll 01de
mneliiAnuiaue thdwiled e
asluid eoslnsuuaiisouy nauans
acetosyringone U1u 30 U1 nButlUides
iauﬁ’uuummi?’fm%aqm LB 1y 5 §u thau
Hedefiiunsidseusiufuesinsuuniiey
muﬂummsmmqm LB ﬁmaum cefotaxime
400 31n/a. 1 10 wiliterndaioorlnsuuafi ey
LLazﬁﬁmL%aaziﬂﬁLLUﬂﬂL’%ﬂmﬁﬁmaumﬁaaeﬂJ%ﬂ
§nlaeund uiil o18 olULa seuueImisA ud
a9 MS (Murashige and Skoog, 1962) 7 ey
cefotaxime 200 {n./a. U 7 U

24 dadendiadad manefilgTunmsanetiu

ﬁ’]LﬁjaL?JaLmaé’maqawﬁ&ammiﬂL??EN
vueMsdaATIEgRs MS Aldifuaisaiunu
n15ta5gubAule BA (N6-benzyl adenine) hay
NAA (naphthalene acetic acid) dunAadaueq
iﬂffﬂmqmzmmﬁyswummﬁqm MS 7Lfiz BA
0.3 un./a. 39U NAA 0.1 1n./a. Feilnansziu
TWumraaan1Inse1es i uAue oy Nauen
UATauzdelnsdedu 30 un./a. Meluemsiaes
W 2 fi Wiedushdniden
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dwsulihnnnszaefiiederdvune
Duduseu dadenlasiduseuiirinidesying
wuATFoundalUd ssunemsgRs MS (43194
wazd n31, 2551) wasnaueUf Yuedelnsiedu
Wty 15 un/a. figamgd 25-30 v, waziiy
foyasnudodeisonmeusziaiadusudoy
w9 nIasauY 30 Ju Teeideld ofteiilallasy
nsarefuazansluemisaaden esarmu
edeftlaiiltu HyeR Aduendelnsifodu vy
anunsadmaonti otf efildsuaodusenain
daideRliilgsuaneduls

3. A32ABUNITAI018TULATANWUSUAAIDDN
vas8u gfp luilaide

3.1 GUS histochemical analysis

ATIVADUNITAIO8EUIINNITUARIDBN
¥938u GUS (gusA) FaLdufusrssnunadioglu
wanadia pCAMBIAL304 Tneiniloidoduddy
warlu (veailoidelithaetuiinsydufusew)
TWueluthendoudiiiewds X-Gluc (5-bromo-4-
chloro-3-indole-B-D-glucuronide) 1a EJGL%JQ@STEJM
?Lﬁm%ﬁ%ﬁ%%%gﬂ B-slucuronidase reporter
gene staining kit (Sigma-Aldrich, U.S.A) Ta
dedoftuilasunisaneiiu GUS asindingu

3.2 WYa15 (PCR)

As1naeudu ¢fp AUTINYlasuauAEuLe
YU 327 bp VIR (agarose gel) agyinng
afamsuenniedelithildsunsanetusie
3% CTAB w04 Doyle and Doyle (1987) wariily
USRI ueseisUATogens 1nelts
Twswodanud wawd wazane (2562) 18971ul3
1giun Forward (5'-ACT ACA AGA CAC GTG CTG
AAG-3")
Reverse (5'-GGG CAG ATT GTG TGG AC-3')

70

TneilnsAusznaulunsviniigens As 10 pg DNA
template, 1X reaction buffer, 1.5 mM MgCl,,
200 UM dNTPs, 0.2 UM forward L g reverse
primer, 1 unit Tag DNA polymerase (Promega)
uazgaumiTlunsyiniiens fe 71 95 . uw 5
L& d1g2950UUfnT 01 denaturation 71 94 *u,
WY 0.5 U7 annealing 71 56 °%. wu 0.5 uIil
Wag extension 7 72 °%. U 1 w9 §1uau 30
50U UarTEUAATIET 72 0. WU 5 Ui ndsann
Hus whnandadi e ausunandaluuen
YuU1nlaed S agarose gel electrophoresis Lie
LARILOURLDULDUUA 327 bp V038U ¢fp

3.3 n19iTeuaInelindeeganssal
anaLiaLﬁziuﬂ‘ (inverted fluorescent
microscope)

n31d@UNTIToaURslUTAL GFP Tu
dodoliidedu Tnethduduiededuly
warurestusouliiiiailesunsenetuasdu
Unflunsiageunisiiosuasdilisiniglandss
Janssadrgeatsalus Tuiina nnsIeuad
JenfiAnanTusiu GFP

NANISNAAILAZINTal

1. Uszdnsamnisanegeinwanadefidiou efp
wWhgerlnsuwuaiisen

n1snrenanadn pCAMBIA1304
ATy gp1igelnsuuaiiison #2833
electroporation ldwanadialuusuna 5 lulasnsu
Iheglnsuuaiioudi sulnwanaia 53 1,400
Taladl (Fieure 1) @ nsudunounisansnin
watada b luSunsanineainnisanerin
wavualy spread vwemsasndelagldiinng
139979 WU AUTEAnsamnisaterngu 280
wad/lallasn$y BedmunasniiSues EDVOTEK (2024)
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2 AT RESUMIE 108 Uler GUS histochemical analysis
NIATIVFOUNALAENITUENIBBNYD T

GUS (gusA) si‘faLﬂuﬁumaa'}uwaﬁa@uwawaﬁm
PCAMBIAL304 wudn AuayLfoayaillasunis
derhnBuingadthduiuiideBodudduay
Tu vaufidueyfoaunilaifingadundu (Figure

2) dulduinninsgaen asunisangsndud

kY

Figure 1 Colonies of Agrobacterium with WelH09Y 2 WUU (LWAAAE LazAUDDL) WU LAA
plasmid pCAMBIA 1304 transformed yndnduludegensdnluiazasiu v nsu
by electroporation Unilifigadndu (Figure 2)

Anubias nanag;
with callus as the target tissue used for gene transfer

Hyerophila difformis;
with callus as the target tissue used for gene transfer

we

Hygrophila difformis;
with shoots as the target tissue used for gene transfer
Figure 2 GUS histochemical analysis reporting gene transferred into target tissues of two aquarium plants,
the callus of Anubias nana and the callus and shoots of Hygrophila difformis. The blue markings
or spots, pointed by the blue and white arrows, confirmed the reporting gene gusA (GUS)

together with the others including the gfp gene having been transferred into the plant tissue
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Figure 3 Analysis of ¢fp gene fragment in Anubias nana, with callus as the target tissue of gfp-

transfer, and Hygrophila difformis, with shoots and callus as the target tissues of gfp-transfer.

The bands being pointed by the white arrows are the 327 bp DNA bands of the gene ¢fp

having been transferred into the plant target tissue
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Figure 4 Analysis of gfp gene fragment in the
T, of Hygrophila difformis which were
the 6 months old plants produced
by tissue culture from the original
gene-transferred planlets (T,) that the
shoot had been used as the target
tissue. The analysis presented the
target 327 bp bands of the transferred
¢fp (pointed by the white arrows)
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Anubias nana

Normal light | Fluorescent light MNormal light Fluorescent light

Normal stem Normal leaf

Normal light Fluorescent light Normal light Fluorescent light

Normal stem Normal stem

Normal light Fluorescent light Normal light Fluorescent light

Gfp-transferred stem Gfp-transferred leaf

Normal light Fluorescent light Normal light Fluorescent light

s
t '\.?.‘ F
— T
Gfp-transferred stem Gfp-transferred leaf

Normal light Fluorescent light Normal light Fluorescent light

Gfp-transferred leaf Gfp-transferred leaf

Hygrophila difformis

Fluorescent light Normal light

Fluorescent light

Normal light

1 mm

mm

Normal tissue Normal tissue

Normal light Fluorescent light Normal light Fluorescent light

0 mm 1

Gfp-transferred tissue Gfp-transferred tissue

Figure 5 Normal and g¢fp-transferred tissues of two aquarium plants, Anubias nana and

74

Hygrophila difformis, seen under normal and fluorescent lights sourced from inverted
fluorescent microscope. The green fluorescence of the GFP protein is presented in the

gfp-transferred tissues of the two plants
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Table 1 Conclusive results from the study

Generation of the  Examining of the

Aquarium plant species and target tissues of gene transfer
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T(he6monthsod

plants produced
by tissue culture

PCR no? no yes

from the original
gene-transferred

plantlets)

v yes = positive result

Yo = negative result
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Health Risk Assessment of Pesticide Residues in Vegetables

Collected from Upper Northeast Thailand
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ABSTRACT

This study aimed to monitor and assess the health risk from pesticide residue in vegetables
planted in upper Northeast Thailand. Three types of vegetables, Chinese kale, tomato, and chili,
were collected from 19 villages in Khon Kaen province, Nong Bua Lam Phu, Chaiyaphum, Bueng
Kan, Nong Khai, Nakhon Phanom, Mukdahan, and Sakon Nakhon province for pesticide residue
analysis. All vegetables were sampled at the harvesting period from November 2021 to October
2022. A total of 80 vegetable samples were extracted using the quick easy cheap effective rugged
and safe (QUECHhERS) multi-residue extraction and analyzed for the presence of 228 pesticides
using liquid chromatography-tandem mass spectrometry (LC-MS/MS) at the laboratory of the
Office of Agricultural Research and Development Region 3. Assessing the risk of pesticide residues
in vegetables was done by 2 methods: 1) assessing based on the type and amount of pesticide
residues detected in vegetables compared to the maximum residue limit (MRL) and 2) assessing
based on hazard index (HI) obtained by calculating of the estimated dietary intake (EDI) compared
to the acceptable daily intake (ADI). The results showed that pesticide residues were found in 43
samples (53.75%) from 80 samples collected. Pesticide residues exceeded MRL in 12 samples
(15.0%). There were 19, 12, and 5 types of pesticide residues found from samples of Chinese kale,
chili, and tomato, respectively, and their amounts were detected at the range of 0.01-0.91, 0.01-
1.81, and 0.01-0.05 mg/kg, respectively. The assessment of consumption risk in terms of HI showed
that the HI of Chinese kale, chili, and tomato were 51.19, 6.66, and 21.30%, respectively. The

results indicated that these vegetables could be considered as acceptable for food safety.

Keywords: risk; pesticide residues; Chinese kale; chili; tomato
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AATIENATNEANAN (@1NUNINTFINEUA
LNUATUAYDIMTUINF, 2551)

ASAATIZAEITNEANATS

1435 n19afi akuY QUEChERS (BSI, 2008)
M9297LAT TR TTALAZUT U UAI TN EANAT
U 228 HHAANT ATEUARNANTAIRTYIY a13
fenuas wazanstestumdnlsafia fewnios
liquid chromatography-tandem mass
spectrometry (LC-MS/MS) 1agld acetonitrile
afpuuuTuneuAEILazTnsuentlusets
#28 MeSO, vhlsavenniuge dispersive-solid-
phase extraction (dispersive-SPE) iorindnnsa
Sunsd idruAuuazdrulsznaudu q #ae
primary secondary amine (PSA) kwag MgSO,
frdnanssunuiinilaifidadeans 18 (Juans
@WB’ULLUULLUUIaJﬁ%g’mﬁWﬁQ) lndunsalag
nadunsanlesinludugaiienouiluinges
A8 LC-MS/MS dmsudaegneseiinsigiiaulu
anmufuiigamafl 20 . uaznTAIIZe

ety 24 Fala

msﬂsmﬁumwLf?iaaa'mﬂﬁﬁﬁmﬁ'mgﬁwnﬁ’w

Uszifiusziuanuidssderuilan Tagld
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Azt W30 wazuz@owea unuluaunisiiionen
HI G 9lda1nuasIuves HQ (Alla et al, 2015;
tozowicka et al., 2013) AN EDI L7BUAY
A1 ADI PUENNST 1 uaE 2

EDI = ¥ (Fi*RLi/ BW) (1)

Wi Fi: $931n1505 TR 915 (nn/w) Azt
0.056 NA./1UW WIN 0.012 AN./IU ULLTB
WA 0.088 Nn./Su §1989ALaieUsinn
N15USLAARNAZLUN WINLATUELUBINA AN
Wosiudlvad 97.5 vesuSunaemnsi
uilna Lanze 7 uslaa (eater only)
luvi9e1y 186497 :nTu/Au/iu
(FUNNULINTTILAUALNYATLALDINIS
WA, 25590)

RLi: USunauansieananslusn (un./nn.)

BW: Anadetintinga (nn.) aulne 81y 16 T
Fuly thniiniade 63.15 nn. ({uds 57.4
nn., § Y18 68.9 nn.) (@1dnauRaN
eransiazinaluladunewif, 2555)
AR HQ AENnIST 2

HQ = (EDI/ADI)*100 (2)

dlo EDI: estimate daily intake e un./nn.
g/ u

ADI: acceptable daily intake %128 un./nn.
dmdnea/fu laandeyaansiaiinidn
AngiunnA19lue1nis Codex online
databases (FAO/WHO, 2023) I @ ¢
Pesticide Properties DataBase: PPDB,

An international database for pesticide

risk assessments (Agriculture and

Environment Research Unit, 2023)

UsziuANULEL99INAT HI au@unsh 3
HI = >HQi (3)

\e HQI: hazard quotient Yea TN BLAAZ YR |
HI: hazard index H%128 %
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491 Ussomimusnniigaduansidauuas 13
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9 n Lakn acetamiprid chlorantraniliprole
chlorfenapyr cypermethrin dinotefuran
fipronil indoxacarb lambda-cyhalothrin
methoxyfenozide profenofos thiamethoxam
tolfenpyrad wag triazophos @135A139aL5ANY 5
Y40 L wn difenoconazole dimethomorph
metalaxyl propiconazole Wae pyraclostrobin
a1smIniviy 1 ¥lla Ao ametryn wuanstungy
finudufivgs b (highly hazardous) 1 viin
fio triazophos fiafinansfinuusuiaansiviu
A1 MRL §1u3n 11 wiinans (Table 1) 109370
vilnanslungy b dszduanudufivgs ey
nsand1aluiuind slonafld varaquam
Huslaala
N13RIINUAITNEANAINluAS AT
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[
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haloxyfop-p-methyl e oxadiazon 19 @15
JoeAumanlsana 1 ¥iln A8 mancozeb &@au
arsmdanuasld 11 4da laun abamectin
acetamiprid carbaryl chlorfenapyr
chlorantraniliprole cypermethrin dichlorvos
imidacloprid profenofos spinetoram Lag
tolfenpyrad (31314A Uaganiz, 2562) N13UaN
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Tansieilfintuuarasianuansiivandannni
ganadu dmsudadediliiAnnisnandaves
miﬁwiuﬁﬂﬂzﬁ’wzsﬁyuaqﬁ’wﬁmmimﬁﬁ
nwRInsaentd aunsain1sannu 8nsINsaany
uazANANsEanuasLAicny (a15mad, 2562)

M3aEAITNsnERs 99 43 atuil 1 un9eN - IsEU 2568



HadlATIzRa TN wanA19Tunsn 30
F20879 WUATTNYANAN 24 F29813 Tauyiin
arsiwfinsranulunsn § 12 vfinans Usuna
asfiumnAsinTIanuoglunag 001-1.81 un/nn.
Wuansidauuas 8 ¥da lawn acetamiprid
chlorantraniliprole clothianidin dinotefuran
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W98 197 NUAISHEAnA 1918 91U
Uszifiumnundestenisuslanlunmsvesiiud
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AINENRU (Table 2) Ll asuunaudmiaunas
Ugn NU1 .90ULNY UATHUN UALUBItIaNg)
HI A1 49.38 1.77 uag 0.04% A1Ua1AU NI
LNATINTSERNSU (HI <100%)

d1msunsn nudn ¥deasi g HQ
unfian Ae triazophos (3.80%) 5898331 fip
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AUAINU WINAIN 2. VDULAY NUDIAE ANAUAT
wardenil Hidan 3.84 1.29 1.02 uag 0.51%
AIUAIRU NIULAUITNI58USU (Table 3) @u
ugidoina wuin vlinansiiflan HQ wndign Ae
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Table 2 Assessment of consumption risk of Chinese kale in Upper NE Thailand

EDI HQ HI
Province Pesticide Health risk*
(mg/kg BW/day) (%) (%)
Khon Kaen Acetamiprid 3.5x10” 0.14
Chlorantraniliprole 2.7 x10° 0.002
Chlorfenapyr 8.1 x10™ 5.38
Cypermethrin 2.3 x10™ 4.61
Difenoconazole 1.7 x10* 1.68
Dimethomorph 4.4 x10° 0.09
Dinotefuran 8.9 x10° 0.004
Fipronil 1.8 x10” 8.87
Indoxacarb 6.2 x10° 1.24
Lambda -cyhalothrin 6.1 x10™ 24.48 49.38 Accept
Metalaxyl 1.2 x10* 0.14
Methoxyfenozide 6.0 x10* 0.60
Profenofos 1.1 x10* 0.35
Propiconazole 8.0 x10” 0.11
pyraclostrobin 5.3 x10” 0.18
Thiamethoxam 8.9 x10°¢ 0.01
Tolfenpyrad 8.9 x10° 1.48
Nakhon Phanom Triazophos 1.8 x10° 1.77 1.77 Accept
Nongbua Lamphu  Ametryn 1.8 x10-5 0.04 0.04 Accept
Total 51.19 Accept

*HI > 100 = risk to consumers, Hl < 100 = accept

Foyamantannsoldifuuumanisan
anandsadenuiwiaasiisl HO g9 LNYAINTY
annsaUsuUsinansldami aid suriinansi 3
auduiwiosiieliiinnuaoniounnian

adeddfitnaseranudss uenain

¥
= 1

wsuuagﬁ’uﬂ%mmmiﬁwumﬂﬁwﬂuﬁ%LLé’:; &4
Juogifuriinansiafitidndngfivine Wy a1sed
ﬁﬁmLmawﬁmﬁf{’fﬂagimzﬁummLﬂuﬁw Ib %50
fianulufivgs wu triazophos waz methomyl
fléin ADI 51 (0,001 waw 0.0025 n/nn. L wtinga/5u)
asiaiimdnuuaaszauauduiie | ve Tiw
U1unane Manesaaidai ADl a laun
fipronil diazinon lambda-cyhalothrin

indoxacarb Wwag cypermethrin 59U a@13.A%
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fdauuasilddnszauamnuduiivl (not listed)
LU tolfenpyrad LNBATNIAITHE NLE BanTe
seafaszdelunsldanliundy andeya
NAILASIEWANTNYANA19I1ANUNUS U euaN SRy
an@aiuA MRL win1suszdiunudesmonts
u3laadaeaA HI 01908 lusefusensuld il
Juagiutatefitnanldlumssiuan 1dud s
nsuslaasedu Usinaansiivandng tanins
voenquUsEynsfuIlaa lusu 1 nsddegns
WinlunsAndnuasRiuanAaAuA MRL L
U3urani1suslamadonaius (0.012 nn./Su)
A1 H F9ay lusgavgeusula 1uideliy
ANSANIS Hawari et al. (2019) finuusuia
ansfiwnnasludiegrcuadilatiuml MRL
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Table 3 Assessment of consumption risk of chili in Upper NE Thailand

EDI HQ HI
Province Pesticide Health risk*
(mg/kg BW/day) (%) (%)
Khon Kaen Chlorantraniliprole 5.7 x10° 0.0004
Pyraclostrobin 1.1 x10” 0.04 3.84 Accept
Triazophos 3.8x107° 3.80
Nong Khai Acetamiprid 4.9 x10” 0.02
Clothianidin 5.7 x10° 0.01
) 4 1.29 Accept
Carbendazim 3.4 x10 1.15
Imidacloprid 6.5 x10” 0.11
Sakon Nakhon Acetamiprid 4.9 x10° 0.20
Matalaxyl 3.0x10° 0.04
- 1.02 Accept
Methomyl 1.9 x10 0.76
pyridaben 1.9x10° 0.02
Chaiyaphum Acetamiprid 1.9x10° 0.01
Dinotefuran 3.8x10° 0.02
Imidacloprid 3.8x107° 0.06 0.51 Accept
Pyridaben 3.8x107 0.04
Triazophos 3.8x10° 0.38
Total 6.66 Accept

*HI > 100 = risk to consumers, Hl < 100 = accept

Table 4 Assessment of consumption risk of tomato in Upper NE Thailand

Province Pesticide D! Ha il Health risk*
(mg/kg BW/day) (%) (%)
Nong Khai Diazinon 4.2 x10° 20.90 20.90 Accept
Sakon Nakhon Alachlor 1.4 x10” 0.14
Chlorantraniliprole 1.4 x10” 0.001 0.37 Accept
Profenofos 7.0 x10° 0.23
Mukdahan Imidacloprid 1.4 x10° 0.02 0.02 Accept
Bueng Kan Chlorantraniliprole 1.4 x10” 0.001 0.001 Accept
Total 21.30 Accept

*HI > 100 = risk to consumers, Hl < 100 = accept

09 61% VDIINUIURIDENVIVUA LALIDAIWIN

A1 HQ ndvegluseiuneeusule

nsldussTevidayamsuszifiuanuides

fogamuidssninnslasuasiivannisuilan
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waginaausedaseddunisldarsiainida
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ABSTRACT

The indirect factor that holds significant appeal for farmers and the oil palm industry in
assessing the potential of Tenera oil palm plantations is the total economic product (TEP). This
comprehensive study, conducted at the Hong Sila Agriculture and Industry Company Limited in
Krabi, Thailand, evaluated the factors influencing the TEP from twenty-two Tenera oil palms.
The factors considered in TEP were fresh fruit bunch (FFB) recorded for 11 years from 2011 to
2021 and bunch components evaluated for four years from 2017 to 2020 using a randomized
complete block design with four replicates. The results revealed that the factors influencing TEP
were oil yield (OY) and kernel yield (KY), with OY having a more direct impact than KY. The
kernel to bunch (KTB) and oil to bunch (OTB) multiplied by FFB are equal to KY and QY, so
these two factors were factor affections. The factors that directly influenced OY were FFB and
OTB, with no significant correlation between FFB and OTB and a small indirect effect of FFB
through OTB. The strong direct effect of character on KY was obtained from KTB, followed by
FFB, with a higher total effect of KTB over FFB. The average TEP in 22 Tenera oil palms was
64.41 kg/palm/year, with T22 giving the highest TEP at 74.55 kg/palm/year, while T12 displayed
the lowest TEP at 53.86 kg/palm/year. TEP is the one parameter known for Tenera's potential to
get more profit from the factors of FFB, OTB, and KTB, which was the one purpose for plant

breeding to calculate for the selection process.
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INTRODUCTION

In 2023/2024, the United States
Department of Agriculture (2023) reported
that palm oil emerged as the leading source
of vegetable oil, capturing an impressive
45.4% market share. This dominance is
attributed to the significant production of
79.5 million metric tons (MMt) of crude palm
oil (CPO) and 9.03 MMt of palm kernel oil
(PKO). Other vegetable oils, such as soybean,
rapeseed, and sunflower seeds, are followed
by lower volumes of 61.9, 33.1, 22.1, and
17.9 MM, respectively.

Palm oil is extracted from two parts
of the palm fruit: the mesocarp and kernel.
CPO is a type of vegetable oil derived from
the fruit of the palm tree in the mesocarp or
reddish pulp, whereas PKO is extracted from
the kernel. According to Basiron (2001), fresh
fruit bunches (FFB) of the Tenera variety
typically yield an average of 4 tons of palm
oil, 0.5 tons of PKO, and 0.6 tons of palm
kernel cake (PKC) per hectare per year. CPO
and PKO serve as raw materials for a variety
of food products, including cooking oil,
margarine, ice cream, and dietary
supplements, as well as non-food items,
such as soap, explosives, and humectants. In
addition, CPO and PKO are utilized in the
oleochemical industry to produce fatty acids,
esters, alcohols, and glycerol, which are
essential for soaps, detergents, cosmetics,
personal care products, lubricants, greases,

printing ink, and biodiesel (Othman et al., 2022).
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To enhance production efficiency, it
is crucial to increase the yield of oil palm
bunches per plantation, as measured by the
annual production of FFB per palm per year.
By 2024, Indonesia is expected to host the
largest global oil palm plantations, covering
14.95 million hectares. Thailand ranks fourth
in the world, with 0.98 million hectares
distributed across its Southern, Central,
Northeast, and Northern regions, accounting
for approximately 0.89 million hectares, 0.09
million hectares, 0.04 million hectares, and
0.01 million hectares, respectively (Office of
Agricultural Economics, 2024). Thailand has
set a target as part of the "Plan to Reform
the Oil Palm and Palm Qil Sector (2017-
2036)," aiming for a fresh fruit bunch (FFB)
yield of approximately 21.9 tons per year per
plantation by 2036. This represents an
increase from the 18.3 tons per year recorded
in 2023 (Office of Agricultural Economics,
2017). Breeding programs for oil palm face
complexities to improve phenotypic and
agronomic traits. The primary goal of these
programs is to enhance oil production
through direct morphological changes and
genetic evaluations. Path analysis is a unique
requirement for specifying the relationships
between independent variables. This
specification results in a model that
elucidates the causal mechanisms through
which independent variables exert both
direct and indirect effects on dependent
variables. (Wright, 1923). Path coefficient

analysis showed significant correlations
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between direct and indirect effects,
demonstrating the importance of gene utility
for oil palm progenies in breeding efforts

(Sara et al., 2018).

The main factor for palm yield is the
FFB, which is correlated to the bunch number
(BNO) and average bunch weight (ABW)
(Tanya et al., 2013). The first step from oil
palm plantation to industry is to directly sell
or pass the palm bunch to the oil palm
bunch collection center by weighing the
palm bunch on a scale. Then, the separation
process from bunch to fruit and fruit to
mesocarp and kernel is the next step to
obtain the value from oil to bunch and
kernel to determine the oil yield and kernel
yield, as well as the correlation with the
previous report. Okoye et al. (2009) reported
that the highly significant correlation between
QY and FFB was 0.724, OY and BNO were
0.569, and OY and oil to bunch (OTB) was
0.589, supporting Nor Azwani et al. (2020)
noted that strong and positive correlations of
FFB and OTB with OY suggested that OY can
be improved by increasing FFB yield or
OTB. Suzana et al. (2020) reported that the
positive correlation between KY was FFB
(0.911) and KTB (0.782), and negatively
correlated with OTB (-0.394). Therefore,
advocating this action plan for high yield per
area involves breeding and developing
essential traits that enhance yield efficiency

within limited areas.

This study is particularly significant as
it seeks to identify the potential of these
traits by estimating the factors correlated
with the impact of economic characteristics
on total economic production (TEP) for an oil

palm breeding program.

MATERIALS AND METHOD

Tenera oil palm materials

Twenty-two Tenera oil palms from
Goldentenera Company Limited, Univanich
Oil Palm Company Limited, and the
Department of Agriculture were planted in
November 2009 at Hong Sila Agriculture and
Industry Company Limited in Krabi Province.
The coordinates are latitude 8°17'41.5"N and
longitude 99°05'03.7"E. The plantation is
sandy and loam-textured, as determined by
the hydrometer method with a pH value of
6.49, measured using a 1:1 soil-to-water ratio
(University of Illinois at Urbana-Champaign,
2004), and contained 1.42% organic matter,
as determined by the Walkley and Black
titration method (Walkley and Black, 1934),
and an average annual rainfall of 2,240 mm
(2012-2021) (Thai Meteorological Department,
2021). The experiment employed a
randomized complete block design, with four
replicates. Each replication consisted of 15
palm trees arranged in a triangular

configuration at a distance of 9X9X9 m.
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Phenotype recording and data analysis

The data on oil palm yield,
representing the annual production of
FFB/palm in kilograms, were gathered from
oil palm plantations from January 2011 to
December 2021, 3 to 13 years after planting,
whereas data on oil yield and kernel yield
were calculated using TEP (Kushairi et al.,,
2001; Mandal and Babu, 2018) from 2017 to
2020, including the process of bunch
components starting from bunch weight and
then calculating KTB and oil to bunch. TEP

was determined using the following equation:

TEP = OY + 0.6 (KY) (1)

OTB X FFB
100
KTB XFFB
T 100

where: QY =

KY

where: FFB = fresh fruit bunch (kg/palm/year),
OTB = oil to bunch (%), KTB = kernel to
bunch (%), OY = oil yield (kg/palm/year) and
KY = kernel yield (kg/palm/year).

Data collection

Total economic product (TEP) data
were obtained from the bunch component
measured from oil to bunch (OTB; %) and
kernel to bunch (KTB; %) using the Ooi (1978)
method, while the yield trait was fresh fruit
bunch (FFB; kg).

Statistical Analysis

The data were analyzed using R 4.3.1

to examine the analysis of variance (ANOVA),
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mean comparison, and path analysis on TEP
with KY, QY, FFB, OTB, and KTB (R Core Team,
2021).

RESULTS AND DISCUSSION

The analysis of variance revealed a
significant difference among the Tenera oil
palms regarding TEP, OY, KY, FFB, OTB, and
KTB. T20 had the highest total estimated
production (TEP) at 74.55 kg/palm/year,
exceeding the average of 64.41 kg/palm/year.
This elevated TEP was primarily attributed to
its high oil yield (OY) of 70.63 kg/palm/year,
while kernel yield (KY) was recorded at 6.53
kg/palm/year. The main factor influencing
both OY and KY was FFB, which measured
235.15 kg/palm/year. The effects of OTB at
29.95% and KTB at 2.77% were less
significant. T21, the second highest in TEP,
recorded the highest OTB at 31.049%, with a
KTB of 3.11% and an FFB of 216.74
ke/palm/year. T21 comprised the factors with
high OY (67.40 ke/palm/year) with the highest
OTB at 31.04%, while KY and KTB were 6.81
kg/palm/year and 3.11%, respectively, the
FFB of T21 was 216.74 kg/palm/year lower
than T20. In contrast, T16 had the highest
FFB at 241.08 kg/palm/year, a KY of 10.56
ke/palm/year, and a KTB of 4.30%. However,
its TEP was lower, measured at 67.23
ke/palm/year (Table 1 and Figure 1). Norziha
et al. (2024) reported TEP from the MPOB-
Angola germplasm oil palm across 44 Tenera

families in Malaysia. They found that the TEP
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ranged from 20.90 kg to 60.37 kg per palm
per year, with an average of 48.62 kg per
palm per year. In our study, the TEP range
was higher, between 53.86 kg and 74.55 kg
per palm per year, with an average of 64.41
kg per palm per year. Notably, 17 Tenera
families in our study had the highest TEP
reported by Norziha et al. (2024). Additionally,
the average FFB and OTB for twenty-two
progenies in this study were 213.87 kg per
palm per year and 28.45%, respectively. Both
figures exceed the standard set by the
Standard and Industrial Research Institute of
Malaysia (SIRIM), which specifies a minimum
of 170 ke per palm per year for FFB and 25%
for OTB (Department of Standards Malaysia,
2005). Our results surpassed these standards
by 25.80% for FFB and by 13.80% for OTB.
This study highlighted the top five progenies,
as they demonstrated a significant positive
effect of OY at 0.977** which was
considerably higher than that of KY at
0.165**. Therefore, exploring the factors
influencing TEP is essential for understanding
both the direct and indirect effects,
particularly through path analysis

Path analysis provides more detailed
information than correlation analysis because
it demonstrates the partitioning of direct and
indirect effects on interesting traits or
indicates the relative importance of the
causal factors involved (Wright, 1921; 1923).
In this study, TEP was interested in the
factors influencing the long-term potential of

palm oil plantations for the decision to

choose oil palm varieties. Based on path
analysis, five characteristics, QY, KY, FFB, OTB,
and KTB, affect the TEP. QY (0.977**) had a
greater direct effect on TEP than KY (0.165*%).
The correlation between TEP and OY was
high (0.986**), whereas that between KY and
OY was low (0.218%). Corley (2018) noticed
that KTB was highly correlated with kernel to
fruit (KTF) at 0.968**; therefore, KTF had to
be considered as one factor for making KY.
The direct effect for OY and KY was from FFB,
in which FFB had a stronger positive effect
on OY than KY (0.741** and 0.266**,
respectively), including correlations of
approximately 0.653** and 0.455%%,
respectively. OTB had a positive effect and a
correlation with OY of approximately 0.759**
and 0.673**, respectively. KTB for KY has a
direct impact of 0.904** and a correlation
value of 0.959**, as shown in Figure 1.
Previous research on the correlation
between FFB and OY and between FFB and
OTB, as reported by various authors, has
shown a diverse range of correlation values.
Okoye et al. (2007) reported 0.724* and
0.589%; Krualee et al. (2013) mentioned
0.85** and 0.46**; Nor Azwani et al. (2020)
displayed 0.69** and 0.60**, and Myint et al.
(2021) demonstrated 0.80** and 0.36**. Some
reports showed a stark contrast in the
correlation between FFB and OTB, with
values as low as 0.081 (Balakrishna et al.,
2018) and -0.174 (Corley, 2018). In
comparison, Ataga (1995) found that the only

correlation between FFB and OY was 0.782*.
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Table 1 Mean of total economic product (TEP) and yield traits of twenty-two Tenera age 3 to

13 years after planting at Krabi province

Tenera TEP oy KY FFB oTB KTB
code (kg/palm/year)  (kg/palm/year)  (kg/palm/year)  (kg/palm/year) (%) (%)
T1 61.59  d-i 56.29 cf 8.84 ab 21222 ce 2651 b-e 423 ab
T2 65.69 Db-f 6221 a-e 580 bc 21762 b-e 2844 ad 2,66 C
T3 56.51 g 5282 ef 6.15 bc 190.22 fg 28.01 a-e 322 ac
T4 70.69 a-c 67.88 ab 467 c 22145 a-e 3066 a 210 c
T5 59.89 e 56.18 cf 6.18 bc 204.32  ef 2755 a-e 299 a-c
T6 69.32  ad 66.20 a-c 520 ¢ 227180 a-d 29.16 ad 229 ¢
T7 62.05 i 58.95 Db-f 517 ¢ 21314 b-e 2768 a-e 240 ¢
T8 67.50 a-e 63.64 a-d 6.45 bc 209.52 df 3035 ab 313 ac
T9 61.18  d-i 58.70 b-f 413 ¢ 21345 b-e 2753 a-e 195 ¢
T10 55.45 hi 5137 f 6.80 bc 210.19 df 2444 e 321 ac
T11 69.50 a-d 6590 a-c 6.00 bc 21502 b-e 3069 a 277 ¢
T12 5386 i 5145 f 402 c 17847 ¢ 28.87 ad 225 ¢
T13 64.50 b-g 61.11 af 564 c 209.75 df 29.12 ad 268
T14 5833 f-i 55.03 d-f 550 ¢ 21146 df 2605 ce 261 c
T15 63.48 b-h 60.75 af 455 ¢ 202.78 ef 30.17 ab 222 ¢
T16 6723 a-e 60.89 a-f 1056 a 241.08 a 2535 de 430 a
T17 68.59 a-d 64.77 a-d 6.37 bc 23374 a-c 2771 a-e 273 ¢
T18 65.47 Db-f 61.56 af 6.51 bc 21981 b-e 2797 a-e 296 bc
T19 66.09 a-f 63.43 ad 442 c 20621 d-f 3079 a 214 ¢
T20 7455 a 70.63 a 6.53 bc 23515 ab 2995 ac 277 ¢
T21 7148 ab 67.40 ab 6.81 bc 216.74 b-e 31.04 a 311 a-c
T22 64.18 b-g 59.90 b-f 7.14  bc 21498 b-e 2787 a-e 330 a-c
CV (%) 9.54 10.11 30.52 6.15 8.34 28.84
Mean 64.41 60.78 6.06 213.87 28.45 2.82
Minimum 53.86 51.37 4.02 178.47 24.44 1.95
Maximum 74.55 70.63 10.56 241.08 31.04 4.30
SD 5.43 5.36 1.51 13.88 1.84 0.61

Note: TEP=total economic product (kg/palm/year), OY=oil yield (kg/palm/year), KY=kernel yield (kg/palm/year),
FFB=fresh fruit bunch (kg/palm/year), OTB=0il to bunch (%), and KTB=kernel to bunch (%).

Means with the same letter are not significantly different at p<0.05 based on Duncan’s multiple range test (DMRT)
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Figure 1 Mean of TEP (a), OY (b), KY (c), FFB (d), OTB (e) and KTB (f) of 22 Tenera oil palms;

Note: TEP = total economic production, OY = oil yield, KY = kernel yield, FFB = fresh
fruit bunch, OTB = oil to bunch, KTB = kernel to bunch

However, this result demonstrated a
significant direct effect of FFB on OY and KY,
which had 0.741** and 0.266** (Figure 2), and
the factors that had a direct effect on FFB
were BNO and ABW, as reported by Tanya
et al. (2013), were 0.94** and 0.98%*,
respectively. This enlightening information
indicates that the amount of FFB depends
on the BNO and contrasts with ABW with a
negative correlation (-0.49%), meaning that
the BNO was high with a small bunch (low ABW)
and low BNO with high ABW. In addition,
Balakrishna et al. (2018) reported that the
influencing factors that directly affected FFB
were BNO (0.685**) and ABW (0.861%*%).

Finally, the TEP factor is an alternative factor

for oil palm breeders to consider for the
selection step in oil palm breeding programs
in the future. This will benefit oil and kernel
yields, affecting oil production for oil palm

planters and the oil palm industry.

CONCLUSION

The improvement to high yield of oil
palm by the TEP trait, which will lead to
income by breeding programs, can be
achieved through OY, and KY has a positive
correlation and direct and indirect effects
from FFB and OTB from selecting parents
with a strong genetic background of the

effects of the traits.
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Figure 2 Correlation coefficient and path analysis of total economic product of twenty-two

Tenera oil palms in Krabi province
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NSUT13-313: A Promising Sugarcane Clone with High Yield

3
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ABSTRACT

Climate change, especially drought, has a significant impact on sugarcane production in
Thailand, causing inconsistent and inadequate yield supply for the sugar industry’s demand.
Planting sugarcane varieties that can give high yields and high sugar content in areas that had
drought or soil infertility is crucial for solving the problem. During the years 2013 to 2024, NSUT13-
313, a high-yielding sugarcane clone, was developed. This clone was derived from a cross between
Q85 and DOA U-Thong 8. Multilocation evaluation trials, including preliminary, standard, and farm
trials, were conducted from 2017 to 2024, comparing NSUT13-313 to the notable varieties, DOA
KhonKaen3 (DOA KK3) and LK92-11, across 23 harvesting environments in the plant cane crop and
the first and second ratoon crops. NSUT13-313 exhibited high yields, surpassing DOA KK3 and
LK92-11, with an average yield of 18.0 tons/rai, which was 14 and 26% higher than those of DOA
KK3 (15.8 tons/rai) and LK92-11 (14.3 tons/rai), respectively. Additionally, it had an average
commercial cane sugar (CCS) value of 14.2, which was comparable to those of DOA KK3 (14.2
CCS) and LK92-11 (13.8 CCS), resulting in its sugar yield of 2.51 tons CCS/rai, which was higher
than those of DOA KK3 (2.22 tons CCS/rai) and LK92-11 (1.97 tons CCS/rai) by 13 and 27%,
respectively. This clone is appropriate for green harvesting because of its loose-leaf sheath, which
facilitates easy de-trashing. Its CCS remains high until the late harvest season. This clone also
exhibited moderate resistance to red rot and wilt diseases. Therefore, NSUT13-313 will be a

promising sugarcane clone with high yield and suitable for farmers’ recommendation in the future.

Keywords: sugarcane; NSUT13-313; yield; sugar content
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Figure 1 Sugar accumulation of sugarcane clone/variety NSUT13-313 and DOA KK3 from 8 months

after planting or from 8 months after harvesting plant cane (in 1% ratoon crop) (Karita

et al,, 2566 and 2567 in Thai)
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Figure 2 Trehalose phosphate synthase (TPS) and sugar transporters (PST3) drought tolerance
related genes expression of NSUT13-313, DOA KK3 and LK92-44 at Khon Kaen Field
Crops Research Center during 2022-2024 (Weerakorn et al., 2566 and 2567 in Thai)
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Figure 3 Enzyme activities of Ascorbate Peroxidase (APX) and guaiacol peroxidase (GPX) related
to drought tolerance genes expression of NSUT13-313, DOA KK3 and LK92-44 at Khon
Kaen Field Crops Research Center during 2022-2024 (Weerakorn et al,, 2566 and 2567 in Thai)
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Figure 4 Hydrogen peroxide and Proline related to drought tolerance genes expression of NSUT13-
313, DOA KK3 and LK92-44 at Khon Kaen Field Crops Research Center during 2022-2024
(Weerakorn et al., 2566 and 2567 in Thai)
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Table 4 Agronomic attribute of NSUT13-313 and reaction to diseases under artificial inoculation

compared to those of LK92-11 and DOA KK3

Clone/Variety

Agronomic attribute!

NSUT13-313 LK92-11 DOA KK3
Plant height (cm) 333 312 295
Stalk diameter (cm) 2.90 2.71 2.79
Number of stalk/stool” 6 7 6
Number of internode/stalk" 26.7 26.6 27.4
Internode length (cm) 10.3 8.27 9.85
Yield (ton/rai) 18.0 14.3 158
Sugar yield (ton CCS/rai)V 251 1.97 2.22
ccsY 14.1 13.8 14.2
Reaction to red rot and wilt diseases ¥  Moderate resistance Resistance Resistance

Reaction to smut diseases ¥

Susceptible

Moderately susceptible -

Y Mean from preliminary trial, standard trial, and farm trial in totally 23 environments (Plant cane in 12 environments, 1% Ratoon

in 8 environments, 2" ratoon in 3 environments)

Z Sjwilai et al. (2562) (in Thai) ¥ Siwilai et al. (2563) (In Thai)
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Figure 5 Botanical characteristics of sugarcane clone NSUT13-313 (A-J)

A: Stool growth habit
D: Internode cross-section
G: Ligule shape

J: Internode shape

B: Dewlap shape

H: Hair on the margin

C: Bud shape and tip position

E: Internode alignment F: Inner and outer auricle shape

I: Leaf sheath adherence
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