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Controlling Callosobruchus maculatus (F.) by Encapsulated

Syzygium aromaticum (L.) Oils

s
a

ANENT gndens’  AuadsTal Twuddns! AN dRAzansENat
Yodnd J30u59A2 91799500 Shuanasssy’  welgay nug! Shuns wedd!
Duangsamorn Suthisut!  Wimonwan Wattanawichit! Suppara Aukkasarakul*

Piyarat Ruchinarong® Charuwan Rattanasakultham' Pananya Pobsuk! Rattanaphorn Pongmee!

unAnge

nsAnuUsEANSAnveniuvenssvenungleuuauarilunslesiufidadisnaden

Afiunsivesujufinisuazlsanuitaeswesnguidewazimuimalulagudanisiuneaiyls
a v [ a [ =3 = a ! A =
NONIVPUATIAUIINGINTUAIN SN UNEMAUUTFUNARANALNEAT SEUINARBUAATIAN 2560 O
flugngu 2564 lagfnwanssemendidgluifiuvenssiveniung uazunliuneussrenIung
LOULAYLLANAIBLATOY GC-MS S2ezla1Ausny) 0 2 4 6 8 10 wag 12 Liou Wuin
caryophyllene (49-93%) L'flumiszmaé’wﬁﬁﬂuﬁwﬁummzmamqu kag eugenol (65-88%)
Duanssemeddgluiduneussmeniungounealgian wasnanageuuszansnmuasiiiiy
wensvenIungeusalganiunisagnudanugiudeiioesiuidnddundeluann
o Usn1g wudnddiuvenssimeniungiouwalgian a1 LCs waz LGy 1.45 Waz 8.90
nsu/Alansu mua1au Tnesihduvenssmeniungieuuauyan 18ms1 0.4 uag 0.8 NTU/udn
U A a v o | Yy & A = ' Yy & A ‘:4'
921387 0.1 Alansu dnaren1snievesndilsinasUunalireswanileinnian wazn1s
Tdunsfunenszimenisngiounadyanyndnsi (0.1-0.8 n¥u/uindndes 0.1 Alandy) a1unse
Jeatunsiinvesifutogugnld 100% dmsunisnageuluanimisaiuiiaes wuinisld
udfuvensemenungeuwalgandns 200 nfuudandes 10 Alansu awnsadesiunisdy
o v @ o v U A Y a v & w 1 v o oA = = Y
angvesmAnisnnlgas destunsifnduduisiugniniduegrsmiilaeuiieuiu
N35335AIUAN wanNUMTIdUNTuneNsTIeN UNgLEULAUYENTIENTY 100 kay 200 N3u/
2 O o a Y 2 v fd A A ¢ 2 ¢ i
wannled 10 Alanfu waaiugiideidivesiduianueeniinnil 75% naenszeslining
Ausnw 10 Weu dunsieszianssemeddguuuanandenfiagnieundiuneussineg
v - i 0o v dAa A A

NMuUngLeuLAUYIaNMEATE GC-MS nuassemedAyffiusinamnigae eugenol

AENdRY: 0T UnlfunensEenuNgLeuLAULAN N13ARNLAATLS eugenol

! nedideuazimuningnmsndinmsiiuisanazuUsgundnranens 50 wraledu ane1 andng ngaumm 10900
! Postharvest and Processing Research and Development Division, 50 Phaholyothin, Lat Yao, Chatuchak, Bangkok 10900
2 nevideimunudaiugity 50 wialedu armena andns ngewmw 10900

2Seed Research and Development Division, Phaholyothin Road, Lat Yao, Chatuchak, Bangkok 10900



ABSTRACT

The efficiency of encapsulated Syzygium aromaticum oils in alginate beads was
evaluated to control cowpea weevil (Callosobruchus maculatus) in the laboratory and
the warehouse storage conditions at Postharvest Technology on Field Crops Research
and Development Group, Postharvest and Processing Research and Development
Division, from October 2017 to December 2021. Qils alone and encapsulated within the
beads were analyzed for active ingredients by GC-MS after stored for 0, 2, 4, 6, 8, 10, and
12 months. The results concluded that the key compounds of S. aromaticum oils and
the encapsulated oils in beads were caryophyllene (49-93%) and eugenol (65-88%),
respectively. Insect-free mung bean was well mixed with the bead of encapsulated oils
at various ratios of beads per mung bean before being monitored the number of C
maculatus adults in the laboratory condition. The doses required for 50% and 99%
mortality (LCs, and LCqo) for using the encapsulated S. aromaticum oils in beads against
cowpea weevil were 1.45 and 8.90 g/kg, respectively. The optimum ratio between
encapsulated oil beads and mung bean to control mortality of C. maculatus and the
number of eggs laid were at 0.4 and 0.8¢ per 0.1kg, respectively. All concentrations of
oils beads (0.1-0.8¢/ 0.1kg mung bean) could completely prevent adults’ progeny
production (F1). At warehouse storage condition, the suggested ratio between the
encapsulated oil in bead and mung bean was at 200g/ 10kg, which could be used as bio-
insecticides to control C. maculatus adults and adults’ progeny production (F1) during
storage. Furthermore, seed germination of mung beans was determined under laboratory
conditions. It was found that mung bean seeds mixed with encapsulated
S. aromaticum oils at 100 and 200 ¢ per 10 kg of mung beans maintained a germination
percentage of more than 75 percent at all periods. The major volatile compound found

in mung bean mixed with the oil beads was eugenol.

Keywords: Callosobruchus maculatus, encapsulated Syzygium aromaticum oils, seed

protectant, eugenol
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(a) (b)

Figure 1 Application of encapsulated Syzygium aromaticum oils against Callosobruchus maculatus
in stored mung bean at the warehouse storage condition (a) and the 1 month
interval measurement to determine the effect of encapsulated S. aromaticum

oils on C. maculatus for 10 months (b)
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Table 1 Mortality of adults (%), number of eggs laid and adults’ progeny production (F1)
in Callosobruchus maculatus treated with encapsulated Syzygium aromaticum oils in

beads at a rate between 0-0.8 g oil beads/ 0.1 kg mung bean

Rate of encapsulated Mortality of adult Eggs laid Adults’ progeny production
S. aromaticum oil in beads (g) (%) (number) (adults)
0 (Control) 0d 83.2 ¢ 748 b
0.1 232 c 157 b 0a
0.2 789b 95b O0a
0.4 88.4 ab 0.6 a 0a
0.8 96.8 a 0.5a 0a
CV (%) 13.8 29.4 64.5

* Mean in same column followed by the different letters are significantly different by Duncan’s multiple range test (p<0.05)
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Table 2 Mean number of C. maculatus adults after treated with encapsulated S.

aromaticum oils in beads at a rate between 0-200 g oil beads/ 10 kg mung

bean at 0-10 months storage

Rate of

encapsulated oil

Storage time (month)

in beads (g) /10 kg

1 2 3 4 5 6 7 8 9 10
mung bean
0 00 222b 525c 156.7c 100.6b 999b 1083c 101.7a 113b 239c 3l4dc
50 00 14a 174 b 335b 302a 436a 495b 583b 123b 220c 151c
100 0.0 08a 79 a 16.7a 215a 285a 214a 235a 37b 144b 24Db
200 00 12a 6.1a 132a 269a 223a 171a 160a 0.0a 00a 03a
CV (%) - 40.6 17.0 11.8 10.2 12.2 14.0 9.8 59.6 32.9 36.1
* Mean in same column followed by different letters are significantly different by Duncan’s multiple range test (p<0.05)
Table 3 Mean number of adult progeny of C. maculatus after treated with encapsulated
S. aromaticum oils in beads at a rate between 0-200 ¢ oil beads/ 10 kg mung
bean at 0-10 months storage
Rater of Storage time (month)
encapsulated
oil in beads
(€)/10 kg mung 0 1 2 3 4 5 6 7 8 9 10
bean
0 0.0 8608b 8143b 12256c 4299c 351.6c 125ab 1846b 9980c 9712b 1,0786Db
50 0.0 0.3a 0.9 a 1.0b 85Db 121b 384b 368b 5296b 7946b 7574b
100 00 0.1a 03a 0.1a 243 12a 16a 170a 10a 48a 48a
200 0.0 00a 00a 0.1a 34a 0.6 a 23a 03a 04 a 0.6 a 14 a
CV (%) - 14.0 24 17.1 12.9 29.7 72.9 46.9 74.9 71.21 73.9

* Mean in same column followed by different letters are significantly different by Duncan’s multiple range test (p<0.05)
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Table 4 Mung beans seed germination (%) after treated with encapsulated S. aromaticum oils

in beads at a rate between 0-200 ¢ oil beads/ 10 kg mung bean at 0-10 months storage

Rate of Storage time (month)

encapsulated oil

in beads (g)/lO kg 0 1 2 3 q 5 6 7 8 9 10

mung bean

0 920 a 85.0 b 474 b 250b 11.0b 38.0 b 459 c 332 b 232 Db 22c 6.4 c

50 93.0a 882ab 87.6 a 88.4 a 84.6 a 86.4 a 88. a 77.0 a 75 a 442b 442D

100 83.2 ab 938 a 88.4 a 80.8 a 81.4 a 858 a 789 Db 81.8a 778 a 79.0 a 8l.2 a

200 786b 89.4ab 85.0 a 822 a 8l.2 a 84.8a 827ab 78.8 a 76.8 a 76.2 a 82.6 a
CV (%) 9.9 6.1 14.2 12.5 9.0 13.4 6.7 13.2 11.7 27.2 21.5

* Mean in same column followed by different letters are significantly different by Duncan’s multiple range test (p<0.05)
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Figure 2 Eugenol content found in mung bean mixed with encapsulated S.
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ABSTRACT

The objective of this research was to develop molecular markers for identifying
diverse stickiness levels of waxy corn. This research was conducted at Khon Kaen Field
Crops Research Center during 2017-2021. SNPs (single nucleotide polymorphisms)
marker was developed to identify stickiness character of waxy corn that gave similarly
as commercial waxy corn hybrid, comparative variety. The pasting properties: peak
viscosity, breakdown and setback of thirty waxy corn flour were also performed. The
results revealed that statistically difference with 95% confidence interval levels. SNPs
position at N130 of Dull genes found significantly related to peak viscosity and
breakdown (p<0.05). In this study, N130 SNPs markers; Du-1F/1R was designed. Also,
high-resolution melting analysis (HRM) was developed to detect SNPs genotypes. The
results showed that three SNPs genotypes were achieved, including GG, GT and TT. The
genotype GG was positively correlated with the peak viscosity and breakdown. While,
the genotype TT showed a negative correlation with the peak viscosity, and
breakdown. Evaluation of SNPs markers in 108 waxy corns were used as a template for
amplification by Du-1F/1R SNPs marker. The results showed the success rate of
amplification were 100% and found three SNPs genotypes. Then 30 random samples
were analyzed by DNA sequencing. The results showed all genotype samples matched
DNA sequencing and HRM analysis accuracy for N130 genotyping was 100%. This study
demonstrates that Du-1F/1R SNPs marker was an efficiency and accuracy. This can be
used for identifying stickiness characteristic of waxy corns.

Key words: waxy corns, sticky characteristics, SNPs marker

AN
Ilnadrunilen (Zea mays subsp. mays) Wudnlnasulsemuilnan dn1sudn
wagdwglunanaviosdunaennst Tud w.e. 2564 Silleiiugninilwadramies 22,860 15 1a

nandn 22,852 s Antdunandnsals 1,302 Alansu ¥seladliuninynsns 10,000-20,000
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vmsialsnel Andugaruseann 1,000 duumael (@a1tuidedivlsuasiivnaunundany,

= v

2564) AufeIN1susiaatinadnaniiuvuildiiuay guslaaliauaulaemisguainuin

Y

IS 1

d’g d‘ ¥ ¥ a d‘d =3 ¥ v = a = 1
T 1lipeandlnedrimieddauamiadnruinsin wintnlnatamideianumile iy
< (% a - - o v LY v &Y ¥ = £
Junadnvariiavanigii Jududmngddyveanisusuuseiuginlnadimiled nsld
Uszamdudalaeianizduni1sduduy e1afannudadeld awnsausdanuuand1aves
anwauzwmienjulaegrataiay Jagduiinisiaiesinniunilauuudeeln (rapid visco
analyzer; RVA) 1nldlunisAmdananwaganumieniy Weuindelasuainusouiuse
lalasiauneludinuisazgnihane diaudasgaduiuaznesiivenslngtu vaziferiuing
- | A a o o § ¥ a 4 a X = oo =
wideagsauT wdvSunudeyas viliiAnaunlafingduauigenidanuningan (peak
. . A a a = 1 J P ! a o 2/ <
viscosity) Wiaiingnumaiiuaziininiuegweailiawialudn awhilassaianigludautawnn
v = a o § v 4 A X a2 A aa
#1 (breakdown) uaziiloangumngilas vilviaunilaiududn Fuduanunieiiinainnis
Sesdiulmiveslanaezlulaaivgaeenaimdautmianisfiudivesnts (setback)
nuITenldaIesinnnuniauuuiedni lunisAndenateiugrauddnlnat1imien
v A v 6 1 i R .. .
aunsofnienateiugnawlniimAuaInsatun15TImIilU (general combining ability;
GCA) Tudnwauzaunilngeld (aywa way nua, 2558) egralsinu I8denadedldiaan
AT NUAUGN UIEUNIN wazdlsUTININBNTNAVRIENNLINRBNBNAEY
nsdunaluladfiluanaundssgndluniseeniuuiasomunefiduieviaeiomung
aflud (SNPs marker) Fadunmsasiaaeudunisifianuiuiysveaiugnssuvesainuinile
IndvesBuiifetasiuanvauzaumieninvaatalnadrunden I5189un15@nwAuR
wUsneNugnssuvesa1suiiandlalnadiuiu 9 udtdiduilanilelna starch branching
enzyme interaction protein (SIP-1) starch branching enzyme llb (aellb) ADP-glucose
pyrophosphorylase large subunit (shrunken2; sh2) way waxy @31504enU1IWAU 1Y)
Ndanuwmieinanenula arsuilanalelna ADP-glucose pyrophospho rylase small subunit
(Brittle-2; Bt2) starch synthase isoform zSSII-2 (zSSlIb) starch branching enzyme 2a (lla)
starch brancing enzyme Ill (SBE3) waz Dull laauisawentialwadrunileaniansiule (g3
Sl wazAney, 2565) agelsfiny Txeuimniianisnateiuguesdu dull ludilne 9z

danalybiiinisvinauvesauleyd SSlila wazni15vinguvaaaulyll SBEUa way SSI azanad

(%
[

AINANDNTANAIVDIAINYNILALINUIUNINTEUFvRsaglgnsnuTn e lulamnafy fal

v
av aAa

Fafinarelassasswaseslulamaiu wazaulAnienuAIunie (Cao et al., 2000) U3 T

[

¢ A o d' A 6o o ° v Y I~ Aa o =~
mﬂﬂizﬁ\‘iﬂLW@WWU']Lﬁﬁ@ﬂ‘ﬁlﬂﬂaUTJﬁaqﬁﬁUiﬂUﬂqiﬁ]"ILLUﬂqJ'TﬂWWEU']’JLWUEJ’JV]Naﬂwmgl,ﬂuaj

ufienuudiug Yrgaaal Auiivgn wazussnu umsiiudszdnsamnisraidenty

P il

lasansusuugsiuginalnatmiles

17



guUnIaluazdsnIg
1. AnwauUAnIeAUULla
wiladnlnadrawilen wuadu 2 via ldun Wanas (flour) way @mnsy (starch) Waas
Dunanfausiuisinananudaunazidondunuasiouiiunzinss daiudiulseneuve
ansisznoudsanseingitedlutngiuduin o anslulawse Wiy Tufu dule
w35 9eina 1udu luvuzianidy fe dauvesanifiiunisiidalusiunasluiuoen
(935304, 2553) Sudenlivlansiosnlndifesiuanimussnsuslaauinnii
1.1 mMswssanaIasinlnadrumnilen
lwatniles 311U 30 Wug/anenus Usenaunie 11alnatawmietangiugun

s

U 14 aneiiug Tnlwadnamilergnruaniiuiu 10 dwad wazdlnatrivideignuauiug

]

Y oY o & = ° v ¢ & A Y] Y] I3
ﬂ']iﬂqisleUUWUﬁL‘Uiﬁl‘ULV]EJ'UG\]’]TJ’JU 6 W‘Llﬁq LﬂcULﬂEJ'JE]’]E! 20 U ‘Viaﬂ@@ﬂ‘lwll LLEJﬂLlIaW@E]ﬂ"i]r]ﬂEjﬂ

3

a

aufigamall 50°% uu 12 Hlus lngldgevauseu theonunniidliliiu uameniesunau
Iolursaziden sowinunzunssluasuiiivuing 100 wa (mesh)
a ¢ o/ I .5 174 =
1.2 Irnzianwazanuniinuasardsdrlnadiamien
TAunilnnIeiA3es rapid visco analysis Ju 4500 (RVA) A11n$3135A15 Newport
Scientific method (Newport Scientific, 1997) finuaetlu RVU (rapid visco units) 1uniae
n1siamnunianazanundenlaenisinn1sudwanazn1sneafiveEnIsy ensIaEeu
AavantanaumiauasaumtdeIvosanisy
2. Aunatiudvasdu Dull
2.1 msanandue waziiuusanafiduledemaiia polymerase chain reaction (PCR)
v A <& v v = ‘:4' ¢ & v ¢ Y | < °
AntdenuandilnadrundedNauysaling 30 Wug/aeiugaiegiaay 20 waa U1an
wngliseniludundt dalugeudududneg Ussunm 0.1 nsu ldaslulnseandlulnsiawman un
Ihaziemlunsudradnfduedisyniieadnfiduiodn5a3U (DNA extraction GF-
. . & a £ o @ A vy Y] a v
1, Vivantis) 31n1UATI980UANNUIANSV0sansainfduenlame aan1saanfunas e
SEWIN 1.65-1.85 antuihuideanslidanududu 100 unlunduselulasans wagldiluans
wugnssudunuulunsiiaUsuafvuediswmaila PCR Ingldlnsiues DueF (5-
TGATTGGTGGTTTGCAGATG-3) / DUBR (5-TCCGAGAAAACGAAGTCCA-3") (eonwuulddnsu
NWITBll) nTvdoUNandndiTezn s saadianlalvada anturinTuildueliusgrs wax
wasuiiiedlonaaieiases IlluminaHiseq (illumine) saetmalla BT-Sequencing (barcode

tagged sequencing base on next generation sequencing) AMNNTIUIFVBIUTEN Celemics

Useinaansnsasginma
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3. AAsTRaIaviandlalnaLazanuasily

o v

thifeyadduihndlelndilsundnizosiumiadieuiisuiulagldlusunsy Clustalw 1
Ieddiuianalelndiignaenssiunniedins udniluiieuivdduianalolndlugiuteya
a1na GenBank warianuilmalelnaunneasiansnesiilumelusinsu ExPASy
4. asrmadudalsmaiia high resolution melting (HRM)

4.1 sanuuuiASeNETud

ganuuuiasesmneaiudlagldlusunsy NCBI Primer-BLAST Tngldardufiandlelng
Uihadngeuiifinnudunlsmaitugnssuvieadud AfnavilfiAanisiudsuudasuesdisiu
nnoziily

4.2 nM3nsanzuuuuilulndiemaiin HRM

Woaasanamouelildninmdudu 20 unlunsunelulasdns THhluaisitugnssy
sunvulumsfinusnafiduelngldinlomueadudfioonuuuan 4.1 ferTeufivyiun
ansugnssuluanInass (LishtCycle® 480 real-time PCR, Roche, Switzerland) 3LA51E9AN
N3AABINAIVBIEBALOULD (melting temperature; Tm) ﬁﬁméﬁgmﬁum%qLﬂmﬂ‘%mmmi
wugnssuluanimate
5. asadauAMUgNAaLazIsiug v ATameaTiud

5.1 pMsafnfdue waznsvseuduntaunaTasaneaiudfiemadia HRM

wandlnadamiles $1uu 108 Wud/aneiug Ussneusig dnlwedrimilengnuas
WUGNTANTUI 7 UG T1lnetravdietaneiuguidnuau 55 aneiug wastnalnatdnumnden
INANIIUIU 46 ANE ﬁ’mﬁammﬁ@ﬁ'amyiaﬂ fegnsar 20 win thinadadduie Winusuu
AduleuaznTadeuiunaIosneaiudfemain HRM Wuiedsu 4.2

5.2 asrvdeuduniuadamueaiuddremaianisnidnduiionilolnd (DNA
sequencing)

dusegsdidulenn 5.1 Aiflsuuvuilulnd GG GT waz TT sUnuvay 8 12 uay 10
fegne MUY SauTeaY 30 Freg1e YinnfinUSunamiduewasdendisuiiandlelng
WwuLREAY 2.1
6. IATNZVEDA

- AingiannaulsUsin ANOVA waziUsuifisuaindsvesdoyaaudinisiuanumie
A2875 Duncan’s new multiple range test (DMRT)

- Aims1enilaaunad (chi-square) naaeuanududasy (test for independence) Liiann
ANNAUTUSTENINAMURURUSNIRUgNTsEAvaNTANIsAUAI U

- Awsgienanudalulnd (cenotype frequency) 31na@uNS

e 5 ° o | daa sa o ° o 1 1
ﬂ'ﬁqllﬂ"ﬂiuvlﬂ/lﬂ = C\]’]U']umjE)EJWQVINQIUVLW‘UWﬂWViu@/QWUUUWQ@‘EJ’]Q‘V]\TM?J@
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Ao a

- Apsizvimianundaaa (allele frequency) anaunIs

a

ANUDPAAA = [911IUDaRawUULEUlElNATIAIUUA + Yo 31UIUDARARUULER

Walskalngl/anuIudadandun

£ v v 6

- As1eduUSEANSANFUNUSHLUULNESAU (Pearson correlation coefficient) wUI5EAU
AdNTUSIIUNIIveY Zady (2000) Aia @1 1 = 0.90-1.00 wansIdseAuANENTLSgIIN

(% s

0.70-0.89 fsEAUAINUFUNUSAT 0.50-0.69 TsLAUAMUFTUNUSUIUNANY WAL 0.30-0.49 il

Y

SEAUANMUFUNUTH

NANISNAABINAZINT
1. duUAN19AUANUNLAYRINA1 T TNAY e

v A [ a

A1ANUNLAEIEA WU finnuuanesfunsadfegnadiveddy issduanudesiudes
az 95 Armunilngegngsiigauaziiigavasanidninadimieignuaniugnisii fe
Wug Fancy 111 (153.54 RVU) kagiiug Violet white 926 (56.29 RVU) 3sldrainunilngan
vaaiug Violet white 926 \utnamsilunisidSeuifion wuin wus/aeiug AfAaamila
gagauinniinielnatAuaiug Violet white 926 laun areWuguyt F4305 (98.45 RVU)
KKCWO02 (74.37 RVU) M80 (82.29) PWHBO01 (64.29 RVU) UTI11 (94.00 RVU) UTI22 (72.91
RVU) WEWS003 (180.46 RVU) WSJ003 (55.10 RVU) a g WTNGHBOO3 (75.87 RVU) Lo ¥
gnuau CNW142430505 (110.33 RVU) CNW1424305519 (99.52 RVU) CNW1504 (109.04
RVU) CNW1515 (112.93 RVU) CNW1537 (61.04 RVU) CNW1602 (69.08 RVU) CNW1608
(99.52 RVU) CNW1614 (99.77 RVU) UT1120 (67.84 RVU) e UT1122 (114.65 RVU) (Table

] = I3 I A a o A v
1) ﬂ']ﬂ'l']llﬁu@qflq@L‘Uu@'ﬁ/]E]ﬁUr]'EJﬂ')']ﬂJﬂ']ﬂJ']ﬁﬂIUﬂqi‘W@QW?GU@QLLﬂQLN@@ﬂJ?jﬂ Lasd

[ YY) = 1 .:911 [ [ 14 al . ¥ 1
ﬂ’J’]iJﬁﬂJW‘lJﬁﬂUﬂ’J’]ﬁJL‘Vi‘l«!EJ’JTéiJ‘UENLUE’JLiJaWU’]’JIWﬂ‘U’]’JL‘VmEJ’J (Ketthalsong et al., 2014) a1a1

EN

Aunilaggavestilnadrunierdawinnimielndiresiuininatrivilesgnuauiug

3

i J & © Y ¥ = = = 1 1 = Y a [V 2 ¥
N13AN LLﬁ@\‘i’J’]LUEJLM@@?JWDIWWU’]’JLWUEJ’J@JW]'W@JL‘I/TUEJ']‘L‘JZJM’mﬂ']’]%i@Iﬂ@LﬂE’NﬂUGEHQIW@?J’D

willgngnuaniugnisn

1Y [y

ANNITLANFIVDILT AT WU1T TANuLanNA1IAUNIsadReg 1l Ted1AuNTEFuAIL

o

) v

Weiludesaz 95 gnuaniugnisAifianisuandivedaudunnigauazdosiian fe Wy

q

)3

2Na,

Chai Nat 84-1 (66.45 RVU) wazug Sweet violet (23.12 RVU) paidndiu siug/anosiugiisien
13 wandveadiaudegenivielndifisadiuiug Sweet violet laun anewug F4305 (35.50
RVU) M80 (38.97 RVU) WEWS003 (97.66 RVU) WSJO03 (32.62 RVU) g N W & U
CNW142430505 (42.54 RVU) CNwW142430519 (42.49 RVU) CNW1504 (56.70 RVU)
CNW1515 (40.83 RVU) CNW1608 (41.85 RVU) CNW1614 (41.75 RVU) CNW1627 (28.04
RVU) CNW1643 (34.20 RVU) wag UT1122 (23.70 RVU) (Table 1) A1n1suansiavaadaunds
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Juarldesursanuunnisessiautslutissliaudouniensiu mnnisuandaveada
wtledidni wansiutsdunuanufeuldinndelviauou awlfnaiifdnvasuions euds
nsene onadedldinanlumsiiiiiAnauiudu G3as wasi@san, 2563) feturinisuand
voudinutasiidgamielnadesiuranidilnadrmdesgnuauiiugnism

[ =

AINIIAUAILTS WU dAnuueanaiunsadfeg1eiitedAy NTssuauLteiuTey

az 95 Wansinlnadrumiergnuaniugnisiidenisusunniian wazdesiigafe Wug
Chai Nat 84-1 (23.29 RVU) wagiiug Violet White 926 (10.37 RVU) a1ud1au Wa1isdnalum
Trmiloaiitamsaudalndidssvosniniug Chai Nat 84-1 lfun anesfusust F4305 (15.06
RVU) KKCW02 (11.95 RVU) M80 (13.70 RVU) PWHBO1 (13.04 RVU) WEWS003 (21.08 RVU)
WKA005 (8.79 RVU) WPKO018 (6.29 RVU) WKNNO16 (9.66 RVU) WSJ003 (8.12 RVU)
WTNGHB003 (15.25 RVU) wae YNBO1 (11.54 RVU) gnwau CNW142430505 (15.54 RVU)
CNW142430519 (13.60 RVU) CNW1504 (15.45 RVU) CNW1537 (14.20 RVU) CNW1602
(13.04 RVU) CNW1608 (13.66 RVU) CNW1614 (16.18 RVU) CNW1627 (13.33 RVU)
CNW1643 (12.37 RVU) wag UT1120 (15.91 RVU) Ammsausidusiidanuduiusiodnume
doduda delimnufeuudutudivdeslhibuas uiliiidnmsfussiideduiarosuisdng
wilgayu nisfudvilmiinnissndiiuveduanaeslulaauazeslulamaiulalassasng
Tuanalvaindsnahlfiusiias (Hagenimana et al., 2006) fxumanaidnlnadrunieia
AmsAusflndlfsmsenindnlnedmiognaaiugnisi

fedu Snsazarunieuvesidowdatiinadndenilndifsmdofinirdning

miergnrauiugnisa desaudfiniuaumile Ao Anunidegegaiiaigs n1suang

< a0 ! A o < a6
‘UEJ\‘]L@J@LLﬂ\‘]?JﬂWQQ WAN1IAUAITDLIALTIANRN

Table 1 Pasting properties of various waxy corn flour and SNPs position of 20

lines/varieties from Chai Nat Field Crops Research Center.

Type of Peak SNPs position
Breakdown Set back
Samples waxy viscosity
(RVU) (RVU) 28 34 55 130 213 403 483
corns (RVU)

F4305 Inbred 98.45 ¢h 35.50 gh 1506 h-k  AA  CC AA GG GG AA TT
KKCWO02 Inbred 74.37 k 21.79 j- 1195nr AA CC AA GG GG AA T
M80 Inbred 82.29 i 38.97 fg 13.70jn  AA CC AA GG GG AA TT
PWHBO1 Inbred 64.29 mn 15.04 In 13.04i-k  AA CC AA GG GG AA cT
UTI11 Inbred 94.00 h 20.04 km 3250 c GA CT AG GT GG AC TT
uTlI20 Inbred 57.08 n 9.45 no 13.62j-m GA CT AG GT GA AC cT
uTi22 Inbred 291 k 11.20 mn 60.70 a AA CC GG GT GG AA TT
WEWS003 Inbred 180.46 a 97.66 a 21.08 e A CC GG GG GG AA T
WKAO005 Inbred 38.12 oq 0.37 p 8.79 tu GG TT  AA TT AA cC cC
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Type of Peak SNPs position
Breakdown Set back
Samples waxy viscosity

corns RVU) (RVU) (RVU) 28 34 55 130 213 403 483
WPKO018 Inbred 14.12 s 0.37 p 6.29 g GG TT AA T AA CcC CcC
WKNNO16 Inbred 34.12 q 0.37 p 9.66 s-u GG TT AA T AA CC CcC
WSJ003 Inbred 55.00 n 32.62 h 8.12 uv AA  CC AA GG GG AA T
WTNGHB3003 Inbred 75.87 u 19.25 I-n 15.25 h-k AA CC AA GG GG AA T
YNBO1 Inbred 33.91q 0.37 p 11.54 o-s GG TT GG T AA CcC CcC
CNW142430505 Hybrid 11033 e 42.54 ef 15.54 h-j AA CC AA GG GG AA T
CNW142430519 Hybrid 99.87 ¢h 43.04 e 13.0dm-p  AA  CC AA GG GG AA T
CNW1504 Hybrid 109.04 ef 56.70 ¢ 15.45 h-j AA CC AA GG GG AA T
CNW1537 Hybrid 61.04 lm 11.08 mn 14.20 i-m AA  CC AA GG GG AA T
CNW1602 Hybrid 69.08 kl 2245 j-l 13.0dm-p  GA CT AG GT GA AC CcT
CNW1608 Hybrid 98.72 ¢h 41.85 ef 14.22 i-m GA CT AG GG GA AC T
CNw1614 Hybrid 99.77 gh 41.75 ef 16.18 ¢h GA (T AG GT GG AC cT
CNw1643 Hybrid 103.33 fg 34.20 h 1237 m-qg GA CT AG GT GA AC CcT
UT1120 Hybrid 9.04 kl 15.12 In 1591 g-i GA (T AG GT GA AC cT
uT1122 Hybrid 114.63 e 23.70 jk 56.12 b GA CT AG GG GA AC CcT
Chai Nat 2 Com. hyb 11294 e 40.83 ef 17.77 fe GA CT AG GT GA AC cT
Chai Nat 84-1 Com. hyb  140.83 c 66.45 b 23.29d AA  CC AA GG GG AA T
Fancy 111 Com. hyb 153.54 b 5791 c 22.33 de AA CC AA GG GG AA T
Sweet violet Com. hyb 58.95 Im 23.12 jk 11.16 p-s A CC AA GG GG AA TT
Sweet wax 254 Com. hyb 98.12 gh 51.04 d 13.25 l-o GA CT AG GT GA AC cT
Violet white 926 ~ Com. hyb 56.29 n 25.04 jj 10.37 r-t A CC AA GG GG AA TT
CV (%) 2.8 4.2 4.0

Means within the same column with different letters are significantly different (p < 0.05).

Com. hyb. = Commercial hybrid.

2. AuRuRUININUgNIINEa1GuTianalalnavasty Dull

€ a 1

HANTIATIZATUADUET I 30 Wug/aneiug Anunisusauantinisiuaiy

9

v a =

wilauda wunTuAdwenladvuin 1,808-1,812 Aiua Wevrdisuiaadlelnddldiisuiu

U

Yoyalugrudoyaaina GenBank nuin faruindedonarininugniesats lnefinam
Tnd\Anadoras Sevar 98.02-98.23 drwuilandlelndvesdu Dull 7il¢ Uszneude 3 Sunseu
(Bunsoudl 3-5) uag 2 18nveu (Wnwouil 4-5)
dethddudanalelnduinandnveuniisuiu wuin Sarmduwlsmeiugnss
usnuongeurinaliud (single nucleotide polymorphisms, SNPs) 7 @inunis (Table 1)
e siumieil N28 Siguuuudlulng AASGG>AG suamiadt N34 Sisuuuuilulnd CC>TT>CT
N55 fisuuuuilulng AASGG>AG N130 H5Uuuudlulnd GG>TT>GT drunisil N153
sUUURTUlng GG>AASGA siumsdl N403 fguuuudlulnd AASCCSAC fuvtadt Nas3

sUUURTulnd COTT>CT wiulddmuisiumis N28 N3d N55 N130 NA03 uag N483 a4
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dnlwadawmderiifiandinisfuaunialndifssfugnuaniugnisidsuuuuilulng
AAAG CC/CT AMAG GG/TT GG/GA AA/AC wag CC/CT mudndu Tusasfitnlnathimilen
fflandinssuanumiininitgnaauiugnisi fguuuudlulng GG TT GG TT AA CC uay
TT anueanau

Hensrvaouanuduiussevinsdlulndvesdu Dull vesusagduntaivauiinis

LYY N o

Anunilamela-awads wud Nulndyndunddanuduiusiuegaited

1Y

ty (P<0.05) Ay

Anuniingsgauaznisuansavedinut (Table 2)

Table 2 Correlation analysis between genotypes and peak viscosity, breakdown and

setback using the Pearson chi-square test

Nucleotide  Genetic p-value for Pearson chi-square
Position variation R S L Peak viscosity Breakdown Setback

N28 SNPs AA > GG > AG 0.000 0.000 0.424
N34 SNPs CC>TT>CT 0.000 0.000 0.424
N55 SNPs AA > GG > AG 0.000 0.000 0.323
N130 SNPs GG >TT > GT 0.000 0.000 0.066
N213 SNPs GG > AA > GA 0.000 0.000 0.332
N403 SNPs AA > CC > AC 0.000 0.000 0.424
N483 SNPs CC>TT>CT 0.000 0.000 0.511

P value of < 0.05 was considered statistically significant.

dlovdeuiinealelnaudiand neeusulasiadunsaesiily Ianseeziily 170 %fia
dlevhunZsaiisuiu wudnisudsusasmesdidunsaezilusiuiu 6 diunds (Table 3)
fundansaesilud A9 WHunsnesdlurinindu (valine) wionsaozilufilinsurdaniodu
nsnoziilurdalavlanis (unknown or any amino acid; X) (valline>X) Fundanseoziilud
A18 Hunsnezdlulngdy (proline) wiansnezdlufihinsuedanseunsnesiluyinlavin
1119 (unknown or any amino acid; X) (proline>X) funuansaesilufl Ad3 Wunsneszdly
viianganila (glutamic) viensauaaUadn (aspatic acid) wiensnoziludilinsivadavie iy
nsnozfilurialavfinnile (unknown or any amino acid; X) (glutamic>aspatic acid>X)
fundinsnezilufl A71 Wunsnezdluriinen$3du (areinine) nioladu (lysine) wansnasd
Tuilinsivadin niadunsneziluvdnlasdanils (Unknown or any amino acid; X)
(arginine>lysine>X) suniansnezdluil A134 Junsnezdlurind3u (serine) wiansnaziily
Flainsuris vieunsaerilurdalavilanils (unknown or any amino acid; X) (serine>X)
funiensnezdluil Al61 Wunsnesdlusinindu wieezariu (lanine) wiensnoziiludil
ny1uvila niodunsnerilurdalaviianids (unknown or any amino acid; X) (alanine>X)

AMURULUINITRUgNSsugURUUatiud 7 duvuds laun dumvis N28 N34 N55 N130 N213
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NA03 uaz N483 ilegnasnsiauazgnuuasiamiaiugnisuuds navilmAnnsvdsundag
nsmoziluianun 6 sumis TELA fums A9 A18 Ad3 A71 A134 uaz AL61 Auddu anviy
afluddumed N28 ldfAansdeuwlamensa  eiilu
dlonseaeumnuduiusseninnseesdluiiuasunlasiuautinisenumiln wuin
nsnexiluiAsuuadlusiumian Ad3 A71 uag A161 Sanuduiusiumsmilngean uazms
uwanivesdinuilsegafituddymneada (P<0.05) Finswdsuulamwansnozilusiuwmisd Ad3

AT1 wag A161 eannswdasiavasdlulndlusumia N130 N213 wag 483 anuanau (Table 3)

Table 3 Correlation analysis between amino acid variation and peak viscosity,

breakdown and setback using the Pearson chi-square test

Amino acid Amino acid p-value for Pearson chi-square
positions variation* Peak viscosity Breakdown Setback

A9 Val > X 0.488 0.114 0.114
A18 Pro > X 0.147 0.147 0.152
Ad3 Glu > Asp > X 0.001 0.001 0.424
AT1 Arg > Lys > X 0.000 0.000 0.234
A134 Serine > X 0.114 0.114 0.215
Al61 Val > Ala > X 0.000 0.000 0.424

* Val: Valine, Pro: Proline, Glu: Glutamine, Asp: Aspatic acid, Arg: Arginine, Lys: Lysine, Ser: Serine, Ala: Alanine and X:
Unknown or any amino acid.

P value of < 0.05 was considered statistically significant.

3. N13nsvgaualudvasdy Dull Aewailln HRM

asafamdueildaindnlnadrimiles 30 wus/ameiug Miuussduandimsiy
anuilauagAnuamnusiusmeiugnssudag il uansiugnssusuuuTumsiiaUiinm
Aduelagldlnswes Du-1F/1R gnesniuuTnsumisatiudd N130 fdidulealntondlolne feil
Du-1F (5 -CCAGGGAGTGCAAGGAATT A-3) khag Du-1R (5 -CTCCTCTCTTGTTGAAG CCT-3)
MnMsaFeUANasalunsRnYiudiduediemaia PCR nuitlnswesilna
audnsesosas 100 wansliiiuinfenaula (sensitivity) Tun1sviujasen dounauuesnis

o aaa

et a a aa a A a &y G a |6
ufiseuazan1enlglunmsiindsnafdueiniuminzay Weolinsevislulnlvesalivd

Dull ARUIARUEN N130 WU21 @a11815091UnU1naT 1 mdendalulndsuwuy

Y

v oA a

homozygous: GG, heterozygous: GT Wag homozygous: TT lanseiudeyanismaiuiing
lolnd wansliiudsnamudnieg (specificity) vedlnswes wazudasguuuudlulndiigag
auninviliRdueatsdnasindeinenesnainiu iy 78.21-78.66°%, 77.22-78.45°%

way 78.10-78.19°% aua1su (Figure 1) ?z'iﬁiulwﬂgmwu GG wag GT L‘fJugiJLLUU%IuIMfJﬁ

wuiilwadwmileinlndinesiugnaauiusnism
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Normalized and Shifted Melting Curves
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TM calling

Genotype Temperature (°C)
Homozygous; GG 78.21-TB.66
Heterozygous; GT 77.22-78.45
Homozygous; TT 78.10-78.19

Figure 1 Genotyping of SNPs N130 Dull. The three groups were well distinguished:
homozygous; GG (blue) heterozygous: GT (green) and homozygous; TT (red)

in thirty waxy corns.

nsiAsIERANRgadavesdy Dull langdiuniadandlalnan N130 wu 2 JUkuy

loun dada G (0.700) uag T (0.300) Bedadaiiaudgwsedadannuiin (common allele)

I v a

flo dadia G gnuawiugnism wuldada G (0.900) 11nA31 T (0.100) 8198ALAU AUAYDISA

v A

favesangiuguy uazgnuaunudada G (0.607) wag (0.727) mua1siu genindada T 0.393

(%
= Y

wag 0.273 Muandu (Table 4) AnudvesdulunsarUsyrinsoradanuuansieiy Juegivda

[
a A !

fatiugruresuiazUsernsidmasianuddadale

WearsanaudIulndsunuy GG GT way TT 9938 Dull wuiaiewuguiuay

6|

anuauiugn1sAiaunlulndsuuy GG 0.500 uag 0.800 AuAWU gend1 GT 0.214 uax

0.200 ANUAAU Iuﬁumzﬁgﬂmamﬁmmﬁﬁiﬂmﬂ GT (0.546) gani1 GG (0.455) ATIANUAIINDS

Tulndsuuuu TT (0.286) tavnzlutilnatimileianeiuguivinty (Table 4)

Table 4 The genotype and allele frequencies of Dull gene in waxy corns

Genotype frequency Allele frequency
Types
GG GT TT G T
Waxy corn Inbreds 0.500 (7) 0.214(3)  0.286 (4) 0.607 0.393
Waxy corn hybrids 0.455 (5) 0.545 (6) 0 0.727 0.273
Commercial waxy corn hybrid 0.800 (4) 0.200 (1) 0 0.9 0.1
Total 0.533 (16) 0.333(10) 0.133 (4) 0.7 0.3

(n) = Number of random sampling waxy corn.
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diediassranduiusseninedlulnlsuuuy GG GT wag TT dudiAunilagadn N3
wandavandauds waznisdudizeuds wud aruduiusiuegafifed1dynieads
(P<0.01) ¢iatl Flulndsuuuy GG Famuludnlnadnmileindaudiniaiuanunilalnaifes
[ v ¢ v IS L% v (% o o I
fugnuauiugnisen danuduiuslunisuinseauiiiuaunilngean (r= 0.426*) uagns
unndveadauds (r= 0.426*%) udinaziinuduiusluszauim wainasnsaldduidadenion
| A o w v A Y o =~ Y = = = o A
Uagnsimnuddylunisfnidendnlnadwmienls dasieaunanisfinenisaadenyssnm
YostInNsERUNstoesgulglngldiusvsetadevesaudimeinuaiinneninuwasdug
wud Pnlungudessieieululladn (slowly digestible starch; SDS) fiiiieeAuAsinvasids

| & Ao v | Aw oo W aa = v w € PV

gnwihdundanuuananiuegdidedidynieada (P<0.05) lngdanuduiusniauinseiusi
(r=0.459%) (Patindol et al., 2010 JuvaeNulndsluwuy TT Fanvludlnadranilesnd
audAniainuauniacinignuaniuinsAtegeilteddnynisadn dauduiuslufiania
assiuduiueumilngsgn warniswandivesdiauils (r= -1.000) du GT lufmuduiusiu
Auvilagsan uaznisuandvondands wazdlulndvs 3 Uuuulifinnuduiusiunisiuey
voufiautla (Table 5) denndeeiuidnsuaza@sg (2563) inenuimanuvingiaawazea
nswansveddautadueifianuduiusivenumienjuvesdnlnadrimiles

wansliiiuindlulndsvuuy GG Tuwilinivznadodnwazaumideiyuifves
lweadnilerluiianeniilvidneasaunimnisusinana vaeidlulndsuwuu TT duase
Y = | Y 1% = a o g vu = v oA
anvaeaNuwminnvestinatmierluienianvilvg nwagaunmnisusiaaiiliane
maulunsAmdendralnadrundeniielfduiugnetasudlunisassgnuantiu msdaden
lwadnilenidlulndsunuu GG Aidumia N130 vesgu Dull Weiiuaudvesdlulnd

'
aa v

wagyiianunsoadsgnuaniildnuasivileniulnalAgavisefndnmugni s

Table 5 Bivariate correlations using Pearson correlation coefficient among peak

viscosity, breakdown and setback in genotype position at N130

Genotype Peak viscosity Breakdown Setback
GG 0.426** 0.426** 0.12
GT 0.310 0.310 -0.243
T -1.000** -1.000** 0.154

** Correlation is significant at the p < 0.01 level.

4. MsnTIREBUANNgNFBILazIsiuS B LATE IIEETUd
4.1 nM3nsvdeusluuvdlulnddlemaiia HRM
yuinasnsaduungUuuuIlndls 3 3lnd uazvrsgamadiviliadueaegaane
ndeausnsenniuvesdlulnd fail suuuuFlulnd homozygous: GG (78.26-78.85°%) JULUUA
Lulnd heterozygous: GT (77.54-78.78°%) wazUnuuTlulnd homozygous: TT (78.11-78.21°%)

(Figure 2) wanawinladnesommuneaiivd Du-1F/1R tuamsaduunguuuudlulndls 3 suwuy
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wazY13veteung Iy lididuenataindeuenaenanduialndifissiu nanisimseily
Flwadamiernnneuntl Fudunisdudulainaemuieadud Du-1F/1R duiudily

Fuundulnddwnustnmalelnai 130 vas8u Dull

Normalized and Shifted Melting Curves
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Figure 2 Genotyping of SNPs N130 Dull. The three groups were well distinguished:
homozygous; GG (blue) heterozygous: GT (green) and homozygous; TT (red)

in 108 waxy corns.

4.2 Msssuiigunsiasiendlulndqenatia HRM Aunisasiziaiemnaiia

O W Aa = 13
nsmaEauiianglalng

nsmaduiiralelnandsuuuudlulnd GG GT uag TT wud saesmnalindzuwuud
Tulndsumisi N130 wileuiusesaz 100 (Table 6) wansliiiuinaomueaivd diunan
wardumnaulun1sviuJaseiidens dmsunisasramalivdlinnnugnioauazuaiugi 31n

s

nan1sIdeiliiulddaauinaiamueaiud Du-1F/1R aunsaidiunussgndldlutunounis

Aa o

UFuussiugdnlnadrunilorgnuaniidnwauzivilony aaslddlulnd 66 lunsAniien

diellsgnuaunileianumiagegalndifiswisegenintnlnatrimiesgnaauiugnisala

Y Y

Table 6 Comparison of accuracy between the genotype position at N130 using HRM

technique and DNA sequencing

Number of HRM DNA sequencing,
Genotype position at N130
samples (%) (%)
Homozysgous; GG 8 26.67 26.67
Heterozygous, GT 12 40.00 40.00
Homozygous; TT 10 33.33 33.33
Total 30 100 100
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Asawuneatud Du-1F/1R Wuadesneadudnianuuduglunisasiaasuilulngd

[y

vostnlwadamienisumia N130 ¥es8u Dull Fe3lulnisuuuy 66 duiudiudnvuraiy
wilsjuvoniowdaludninadamieraeiusud wazdninatrimieagnuauiidea
TndiAgerudnlnatmiegnuauiugnmsidaduiugiuieuiiou luvasiisuuoudluind
T asanuldludnlnadrmdsmeiuguiiviiy weeddnuuzeunienuvondowda

ndlnadmigignraniuinisan n1sldinIewmuneailud Du-1F/1R Tunsniaaeudy

o

Dull lugalwatamieraneiugun wavdalnadnmileignaaudiuts N130 aasisuwuy

vl 66 Welilallowdanfidnvasmileniulndifesiuialnadramiegnuauiiugnisi

nsunlUIgUsele v

I3 AN a v & vy 9 = A a A o <,
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9 9
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DNA Barcoding for Thai Chilli Identification

333 winesrayad! afqn 1AWy’ Againsal Aisuasduns Yosml sssufaiand’
Theerapat Luangsuphabool'  Aphinya Wongpia'

Kunyaporn Pipithsangchan®  Piyarat Thammakijjawat’

UNANELD

a (% 1 . <@ = Ao W al 1
Wiﬂ‘ﬂ@@%luaqa Capsicum LUU‘WGU'UQﬂVla’]ﬂiylLLagﬂJiJuaﬂﬂVI’NLﬂﬁ‘lﬂﬁﬂ"ﬂﬁﬂ FININ

Y

wanvanganeiuougnuioinanlduseleviun nensiuluauusasyiesdiu nsfinwideya

Y

ANUvAINVaNENINUgNSsudldutiesEulondnyalUsEIiugLazatuayunsiduselevives
Winusazaneiug lunsfnuniffaiguszasdioldiidueusldalunmstasuunaiandoans
WugnsnuasAnwimnuduiusnisiugnssuseninwiawazaasiugniniudssmalng logld
AUTIUTIAIBENINEeTUA 9 $IuU 49 Fregraiug thunAnwdnvaznisdugiy
Inen davimssaliuiedneda iuinuudadonus uasAnudoyanisiusnssudienis
AATIERAMNFUNUTNIITUUINITAIT maximum likelihood way Bayesian inference fiuf
WBuunsldasums internal transcribed spacer (ITS) wud1 awnsaudsnguwdniinululsine
Inelaidu a vda Taun Capsicum annuum L., C. baccatum L., C. chinense Jacqg. wag C.
frutescens L. wazwuin 115 \usumbsiifiussansnmdmsuliidumidueuisidavemdn oy

[ s

A5 ITAATLUNAULANANTLAUTTALALILAVAUNUSVINS Nl uUsEnalnalasaniy

]

pg198lungunin C annuum FINNTANIAMUFURUSNRUTNTTURAL AUNAINTIATY
NIRUFNTIU WU WINNGudiAUnaINnaIen1eiugnIsaswaza I sandalane 14

haplotypes wagdanuingunsnu19d19dauuUsiun1eaiugnssuNivanvalegans 5

v v [

haplotypes Tasanudsiuiuliduiudnvaznsdugiuined nan1sfnwdlnduinfioue

USlAnFUIU TS aunsaldlun1sseyenanwaln1aiugnIsuRnIEfiIv o e iUgNINU1E1s

9 9

wrazAeg1aiugld Juanliiiuinuddgueansldfibueuisidalunisssuiendnual
Usgdmiugiiosessuniaudaisingimansveminuisdslusueas

6

ANdIAEY: 13N ALBUEUISIAN TTwinsrRRugszaulana ANUraINYaIENIIRugN Y

]

1 0 v aw 1 aa a v a £ = a
Finidenmuimaluladdinm nsudvn1sinens f.55%8m B.OYUT ﬂ.UVJQJﬁ’]u 12110

! Biotechnology Research and Development Office, Department of Agriculture, Rangsit, Thanyaburi, Pathum Thani 12110

30



ABSTRACT

Chilli is a plant within genus Capsicum, which an important for commercial
vegetable crop. Several of Capsicum varieties were cultivated and difference for utilized
in several localities in Thailand. Study on genetic diversity helps to identification that
specific in the variety and will supports to utilization. The aim of this study is to using
DNA barcodes for identify Capsicum species and varieties and to understanding the
genetic relationships among species and varieties of the chilli in Thailand. Forty-nine of
chilli samples were collected from various localities of Thailand. All samples were
investigated on morphological characters, herbarium specimens, seeds conservation and
molecular analysis. Molecular phylogeny was implemented by maximum likelihood and
Bayesian inference protocols. The phylogenetic tree based on /TS region divided the Thai
Capsicum into 4 species as C. annuum L., C. baccatum L., C. chinense Jacq. and C.
frutescens L. The ITS locus was suitable as DNA barcoding of Capsicum, which can be
distinguish within Thai Capsicum species and variety levels, especially in C. annuum
group. Phylogeny and genetic diversity were analyses that specific on C. annuum group.
The results show high genetic diversity within C. annuum group, which were divided into
14 haplotypes. In addition, C. annuum (Bang Chang) group showed a high genetic
variation and haplotype diversity as 5 haplotypes, which this haplotype diversity did not
related to morphological characters. This study indicated that DNA barcode based on
ITS gene was used for delimitation to C. annuum variety that specific in each Bang Chang
samples. Finally, DNA barcode demonstrated to an importance for identities the variety

of Bang Chang that will be supporting to Geographical Indications of this variety in the future.

Key words: chilli, DNA barcoding, molecular phylogeny, genetic diversity

AN
W3n (chill) Hufivfidnagluana Capsicum 296 Solanaceae wufiwanaiunnnii 35
vin uanifufiviuiionniouresmivewing (Garda et al, 2013) Tullagtuniniideuugn
wagilyad1nieaswgiaged 3 9l lawn C annuum L., C. chinense Jacq. Wag C. frutescens
L. (Garcia et al,, 2016) 4Uselovinauslnauuuiiadn L*T;Jul,ﬂ%"aqmmﬂqﬁammi Tglunna
n1suwng Tluntsudaufaiin wazugniduliiusedy dwmsundnngy C annuum uag
C. frutescens \Wunguninideuimnldusslovinniigalunarslszimavesnivielouas

Usewmelng (Sun et al., 2014) dnsuusewmalnensnrateviniiunldidudiulsenaundnvas
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Table 1 Samples information and source of chilli (Capsicum) were collected from
various localities in Thailand (49 samples).

o Herbarium
Scientific .
ID name Local name Source accession
number (BK)
CAP1 C. annuum Phrik Pichit 05 Nan province BK84473
CAP2 C. annuum Phrik Pichit 25-1-1-1 Nan province BK84436
CAP3 C. annuum Phrik Pichit 27-2-1-1-1 Nan province BK84449
CAP6 C. annuum Phrik Dor Rueangsup Nan province BK84433
CAPT C. annuum Phrik Yod Son #2 Nan province BK84446
CAP9 C. annuum Phrik Chi Fa #1 Nan province BK84477
CAP10  C. annuum Phrik Lueang Nam Som Nan province BK84478
CAP11  C annuum Phrik Chi Fa Nan province BK84480
CAP12  C. annuum Phrik Chi Fa #7 Nan province BK84482
CAP13  C. annuum Phrik Chi Fa #8-1 Nan province BK84426
CAP14  C. annuum Phrik Chi Fa #8-2 Nan province BK84472
CAP15  C annuum Phrik Bang Chang 1 Ratchaburi province BK84437
CAP16  C. annuum Phrik Bang Chang 2 Ratchaburi province BK84428
CAP17  C. annuum Phrik Bang Chang 3 Ratchaburi province BK84429
CAP18  C. annuum Phrik Bang Chang 4 Ratchaburi province BK84471
CAP19  C. annuum Phrik Bang Chang 5 Ratchaburi province BK84438
CAP20  C. annuum Phrik Bang Chang 6 Ratchaburi province BK84448
CAP22  C. annuum Phrik Dueai Kai Chang Mai province BK84445
CAP23  C. annuum Phrik Yuak khaw Sakon Nakhon Province BK84d444
CAP24  C. annuum Phrik Num Man Sakon Nakhon Province BK84443
CAP26  C. frutescens Phrik khinu Suan Sakon Nakhon Province BK84488
CAP27  C. annuum Phrik Lueang Sakon Nakhon Province BK84504
CAP28  C. frutescens Phrik Soi Kai Sakon Nakhon Province BK84496
CAP29  C. annuum Phrik Tum Rayong province BK84430
CAP30  C. annuum Phrik Dum Rayong Rayong province BK84435
CAP33  C. frutescens Phrik khinu Pathum Thani province BK84467
CAP34  C. frutescens Phrik khinu n3. 8-6-10-1-2  Bangkok province BK84469
CAP35  C. frutescens Phrik khinu na. 1 Chon Buri Province BK84439
CAP36  C. frutescens Phrik khinu Kamphaeng Phet province BK84465
CAP37  C frutescens Phrik khinu khaw Bangkok province BK84485
CAP44  C. baccatum  Phrik Lemon Drop Nan province BK84486
CAP46  C. chinense  Bhut Jolokia Nan province BK84442
CAP52  C frutescens Phrik Lueang Phatthalung  Phatthalung province BK84453
CAP53  C. frutescens Phrik khinu Nan province BK84424
CAP55  C. chinense  Carolina Reaper Nan province BK84460
CAP56  C. chinense  Bhut Jolokia Nan province BK84425
CAP57  C. chinense  Ghost Chili Ratchaburi province BK84422
CAP67  C. frutescens  Phrik khinu Suan Yala 1 Yala province BK84475
CAP68  C. frutescens  Phrik khinu Suan Yala 2 Yala province BK84493
CAP69  C. frutescens  Phrik khinu Suan Yala 3 Yala province BK84492
CAPT1  C frutescens Phrik khinu Suan Yala 13 Yala province BK84494
CAP72  C frutescens Phrik karieng 1 Kanchanaburi province BK84501
CAP73  C. frutescens Phrik karieng 3 Kanchanaburi province BK84503
CAPT74  C frutescens Phrik karieng 4 Kanchanaburi province BK84500
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Herbarium

Scientific .
ID name Local name Source accession
number (BK)
CAP75  C. frutescens Phrik khinu khaw Phitsanulok province BK84456
CAP80  C. frutescens Phrik karieng Yao Nan province BK84455
CAP83  C. frutescens  Phrik khinu Pathum Thani province BK84487
CAP85  C. frutescens Phrik karieng Nan province BK84502
CAP86  C. frutescens Phrik khinu Pathum Thani province BK84490
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Figure 1 Phylogenetic tree of the Capsicum species was constructed by maximum

likelihood and Bayesian inference analyses using /TS DNA barcode region.

The bootstrap values >60% and posterior probabilities >0.95 for the Bayesian

analysis are given above the branches.
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Morphological characters

1. Fruit position

OErect @Pendant
2. Young fruit color

O Light green @ Green @Dark green
3. Mature fruit color

@Red OYellow
4. Flower position

OFErect @Intermediate O Pandant
5. Anther and stigma stem color

(O White @ Purple
6. Plant growth habit

O Erect .lntermediate

77/0.97

100/1.00

90/0.99

61/0.99

88/1.00

C. annuum Bang Chang 6
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C. annuum Chi Fa #7

C. annuum LC510559

C. annuum GU944973

C. annuum Dueai Kai

Group A

C. annuum Bang Chang 1
C. annuum Bang Chang 5
C. annuum Chi Fa #1
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C. annuum Pichit 25-1-1-1
C. annuum Pichit 05
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C. annuum MH236115
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C. annuum Yod Son #2
C. frutescens MT64918
C. frutescens MK412117

Group C

C. chinense MK412116
97/1.00 |_— C. chinense LC510565
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Figure 2 Molecular phylogeny of the Thai Capsicum annuum varieties based on

maximum likelihood and Bayesian inference analyses using /TS DNA barcode

region. The bootstrap values >60% and posterior probabilities >0.95 for the

Bayesian analysis are giv

en above the branches.
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gn lglangninuetang 6 dregeiug (CAP 1-6) aunsauentaonag1atas 5 haplotypes
(haplotype 1-5) (Figure 4) wiulsinngun3nfidanvauznisdagiuingndundnuisdaiiaag

MaNVIANENNUENIIHawEn lnensnseaneimvestulunguussrinsvesmsnuiatielilatan

S
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Usemelngle wideyanisiugnssunduanunsaldsyyienanualraminuietieliianeiiogng

v 6 v
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9 Y Y
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Figure 3 Morphological characters of C. annuum Bang Chang cultivar. A, Immature and
mature of fruit; B, Mature fruit section and long section; C, Long section and
seeds character ; D, Flower characters; E, Growth habit. Scales: A-D = 1 cm;

E = 10 cm, in white color line.
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Haplotype 14

Haplotype 3
P otyp (Chi Fa #1)

(Bang Chang 4)

Haplotype 10

Haplotype 6
(Chi Fa #7)

Haplotype 12
(Chi Fa #8-1)

Haplotype 4
(Bang Chang 5)

Haplotype 2
(Bang Chang 2, Bang Chang 3, Chi Fa #8-2) Haplotype 7

(Pichit 05)

Haplotype 13 Haplotype 1 Haplotype 11
(Lueang Nam Som) (Bang Chang 1, Dueai Kai) (Dor Rueangsup)
. Group A Haplotype 9
. (Pichit 25-1-1)
Gl‘Ollp B Haplotype 5
(Bang Chang 6) _Ha_}llotype 8
. Group C (Pichit 27-2-1-1-1)

Figure 4 The haplotype network of Thai C. annuum varieties based on /TS sequences.
Different color indicated that related to /TS phylogeny.
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Hydrolyzed Straw Mushroom Protein : Plant-Based Innovation to Sustainable Beauty
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ABSTRACT

Straw mushrooms, especially those that are in full bloom stage, have a short shelf
life with unattractive appearance for consumers resulting in low prices. The aim of this study
was to increase the value of straw mushroom by processing a hydrolyzed protein as a key
substrate in cosmetic products. The straw mushrooms at stages of bud and bloom, were
digested by alcalase enzyme for either 2, 3, 4 or 5 hours to find out the high quality
hydrolyzed protein. It was found that the four-hour hydrolyzed protein of the bloom straw
mushrooms had the highest antioxidant activity which was higher than vitamin C 30.36%
comparing to standardized vitamin C at the concentration of 50 mg/L. In addition, the three-
hour hydrolyzed protein of the mushroom buds had the highest inhibition of tyrosinase,
which causes melanogenesis ICs, of 1.72+0.31 mg/ml. Both obtained protein contained high
amounts of glutamic acid, glycine, serine, proline, alanine and arginine which were reported
as the active ingredients. Therefore, the four-hour hydrolyzed protein of the bloom
mushrooms and the three-hour hydrolyzed protein of the mushroom buds were combined
at the ratio 1:1 for the high activity of anti-oxidation and tyrosinase inhibition. Then, the
mixture was applied in the body lotion at 0.5% concentration. The body lotion conform of
TIS 15-2561 standard regarding herbal skin care products with pH 6.47. The heavy metal
contaminants viz. arsenic, mercury, soluble barium and pathogens viz. Pseudomonas
aeruginosa, Staphylococcus aureus, Candida albicans and Clostridium spp. were not
detected. Moreover, the straw mushroom hydrolyzed protein body lotion has been passed
the accelerated storage test of cold and hot cycles of 4 + 2°C, 24 hours and 45 + 2 °C, 24
hours for 4 cycles. The final product was accepted by 80% from 25 semi-trained testers. The
sensory score in terms of color, viscosity, skin absorbed, stickiness, skin odor and skin
moisture after application were 5.24, 5.16, 5.08, 5.16, 3.92 and 5.72 of 7 points, respectively.
The cost of hydrolyzed straw mushroom protein body lotion was 53.69 baht per 250 grams of lotion.

Keywords: straw mushroom extract, straw mushroom protein, hydrolyzed straw mushroom, body lotion

AN
LﬁﬂWNﬁﬂ%mmmimﬁmqqﬁmlﬂu 75% YDIHANANTAATINUATUUTZNA (A9, 2547) HRR
nmausnwdu Ineanzdiansmenum ehidenuslon waswdeldde ibiAnaugaydeves
a ) A =~ & a ] Yy X
HANEAMINTINYAT Aetiun1skUssumavh@adunsiiunsldusslenilviianuvainvaiesnniu
Wunnsadyadiiy Wewniansdliusiugs Usenauaiglushiuiie 32-33 % Tuminnawis

[ 1 a

v a Ao & ! ' & o v a a ] 1% 1 a
134 Mﬂiﬂ@%miﬂﬂ‘ﬂ’]mu@@iwﬂ"ﬂ ‘I/lQEJQ‘Ui%ﬂ@‘U@'JEJﬂiG]E)%lII‘UV]ﬂ’)’ma"lﬂmﬁ]@&lﬁ) lﬂLLﬂ NIRNZFATIA

o

45



(glutamic acid) 43.58 fiadn5u lnadu (glycine) 9.65 Taansu Indu (proline) 10.59 fadniu oy
anflu (alanine) 14.78 1adnT WagdIu (serine) 10.99 Hadn3u (53wa, 2538) FansAnganiln waz
Inadu Wunseezdluniddglunsadngdnlsloudaimidlunmsundesiialidlignyanelaeens
auuadasy niangeiin lnadu Wi evantiu #5u Wunseevlilufiddglunisasrreaaiau ¥y
AIANHBBUET] LarAdLATIEI NN SNANUYITY uasiasHas RANLEAvEUUNRY Inensangmniin
A o a Y T Vyva = o & vyda & a
lvualuanadnuinaziinnuansadudilen Jenwanugudulings wenaniinsnesiily
lnadu Ferrelunisundesiiows wagiiudnsinisiuie diuen3llu (arginine) ¥a8Liiy
Uszangamlunszuiunisineruiaunalinieisa (Alyssa, 2021) lunisuszandldlusiuluy
\n3esdoddiundudinlsznaunan duludenililusiuegluguuuuinazateunlidng uasd
aumennan Jedldiouledlusiedlunisges daenszuiunslelaslada Wshuunelvgiazgn
aniuszluuulnduaznsneziluiazaeunld (Gianfranco, 2008) wazisaniushutigngoeilin
Wshulalaslawm &9 Chuan et al. (2009) Anwwiinveaeuledlushiedlunmstesaaslusiuain
Unu iiendnlushiulalaslamm wuin wulyidamiaa wag WUgu vlrvsunasdulndiuiiueeng

< ¥ = a v = L4 a A 6 =
557 anuaneeieulelustadin uastiamsa anaving Ao wislusduasysudu wulvdldanaada
Wueuleiniivszavsnmadlunmsudnlusiulalaslawm

Avialilusfudussduszneu Tusenineiuasiinisggdelusfuiinsnnnisideuanin
== a Ao % Y a o ¢ A o o

Yougad $9dgT uazuan1e awnsanaunulusiuindsluaienslondndaniniesdioneid
drunauveslusiulalaslawn lnelusiulalaslawniivwadnunn Fs8anziuiliuaziminld
lpanse wazanunsndeunsNadundnnseld Weswnlushudamuaud@lunisdudanuii wasdusd
ARt feNuaRy Seudou Wuaugangy ennsydui Fealsinaedusiulelasla

g v & ! « o = a 1A a v a
wnilddudiunanluasosdionaionisauaia agi 0.1-2% INNUITevetaf vy uazANE
(2561) loarinlusiulalaslawnieizueanlal n3auw wuil ueWemealiuSinansangniiin
waglalaUugs Pellnuandfvanzadlunisiluldluesesdenls venantaaduduaiuas
WAHAAHA NN YA TLALEREMNTIINYRT (2564) landnlusAulalaslammanirdnvenusd
vzl undndusiinsosdion Toun nandueivigia wiudigiand Wudu waan
mslindnsdoust wudn Rayuguin lngwrsesdiondinanyiensesunsassnoaaauliiw i

= = a £ o a °o § va i ' 3 a &
waziSeuilou Tovshedudueuledlnlstiua uasinliiignsyadla seued uazandeusises
Oludemi et al. (2016) leina13adiAaAMILATUINIG FTINANNNE WaggVIENITININ 19
\uansimueyyadase sesuly dugadn uazasdimumssniau uilesises Wewinansainan
windlinsafluedn wiadenzadlunsilddudrunanluedssdiosansssund ¥ievzasnny

= sa o = U A avy ay  av v & I~ wva aa
deyweuvadlaruluasmuansalesiuisdyild waensnesdlulianmavhallnaeudfng

v
=3

Uaondeseduslna 1Adeliddling Ussasdlumsanvimalulaglunsndalussiulgleslagmainidia

q

W We sz ndldlundadasiesesdon fe Tatuigsdmailusiulalaslawmandiang

46



aunsaluazdsnIg

1. Man3eaianimanay waziinnisnanuIuauLIuAaBen

witienheis 2 sver Hun svevnengu wazsrezaonUL S1evieazenn anvunalid
Fudn suwisiigumad 70 esmiadea e 10 Falas efeuuiuuuan$ou (BWS Trading, Model
BWS-USC-1) mniiutunualiasBendneisiastiu (Toshiba, Model BL TI00GS) inseii &eid

- 23R UsENOUMIATMUNINTEIUYRN AdTasU ] URMSUALITen M smduasn1sinys
uwisiende liun TUsiu (AOAC (2016) 981.10) lusiu (AOAC (2016) 922.06) 11 (AOAC (2016) 940.26)

- AUSinanindasy (aw) HeidesiaUSnadast Novasina, Model TH 200

- Ad FeLeseeingd Konica Minolta Chroma meter, Model CR-400

- UBanaunatiu #1835 ACAC (2016) 964.22

- HanAnTLe

- Usnaunsmezdilu 15 98 laun nsaweaUldn (aspatic acid) sladiu (threonine) &3u
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(tyrosine) Wllaozanilu (phenylalanine) 8a#iau (idtidine) ladiu (lysine) Lay 0133%u Aae33
ANNLINTFIUVBINTUINGIMEATUINNT (AOAC (2019) 978.04 Uar 994.12)
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Fadennssuisnisesiildlusiulelaslaenddqnidiuouyadase warduds
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- 5937 5 Wiavhsluszezaenuiu adameloulusifiszezina 2 Hlus (BL2)

- N99HET 6 Wiavhsluszezaenuiu adametoulusifiszezina 3 $lus (B13)
(Bl4)
(

- n351A57 8 Winnsluszezaanuiu anneetoulwiNssezian 5 9alug (BL5)
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muraunaennal Ll dantaaludnsdnseuluineingfuminmuwia fs 1:20 Amuau
gamQil 50 asrniwaTon WAy pH 8.0 FABANSEDY MUHANFADASTEEIAWNLNTINIS T yuALS
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fduvesmanlaluviuiserisseuwiuuuididonuds (LS, Model Lyodryer LT) igamgi -70
osniwaifea \uieedldnegiidemmedudUaein iuilgamndl -25 ssniwaBea Tuiindoya

- ety euiinahdase fd wondniild

- Usuunsnexdily 15 via

- arwannsalunisiueyyadaszifleiouduiniudiieis DPPH maiBves
Aloglu and Oner. (2011)

- guissudueulnlllstiualunasanaass Tngld Kojic acid \uiaSeuiioudae
78 Dopachome method MMuENAsFIUVRIALEITEAUNMLAZANNNLIWE Tnufnkdadan
Chang (2009) gz Manosoi et al. (2011)
3. msuszgndldlusaulalaslawnanniianslundasusiladutinigein

ihusiulelnslamvanitemnanusegndldludndasasuthsfiiluUzinm 0.5% veuile

Tatunisnum 1neUNUNISVIAABILUY randomized complete block 9 Ns53A3 911U 3 91 Al

Table 1 Components of skin lotions with different methods

Method
Phase Chemicals
1 2 3 4 5 6 7 8 9
A Carbopol 940 - - - 0.05 0.10 0.10 0.15 0.10 0.15
Distilled water - - - 4945 4940 49.40 4935 49.40 49.35
Triethanolamine - - - 1.00 1.00 1.00 1.00 1.00 1.00
B Distrilled water 67.88 7238 7238 2542 2542 2767 27.68 28.67 28.68
Disodium EDTA 0.10 0.10 0.10 0.05 0.05 0.05 0.05 0.05 0.05
Glycerine 3.00 1.50 1.50 1.50 1.50 0.75 0.75 0.75 0.75
Viscolam at 100P 2.00 2.00 1.50 2.00 2.00 2.00 200 0.75 0.75
Cetearly alcohol 2.00 2.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00
E-wax 3.00 1.00 1.00 1.50 1.50 0.50 0.50  0.50 0.50
PEG 40 2.00 1.00 1.50 1.00 1.00 0.50 0.50 0.75 0.75
Virgin olive oil 3.00 3.00 3.00 1.50 1.50 1.50 1.50 1.50 1.50
Isopropyl Myristate 3.00 3.00 3.00 1.50 1.50 1.50 1.50 1.50 1.50
Vitamin E Acetate 0.20 0.20 0.20 0.20 0.20 0.20 020  0.20 0.20
E Niacinamide 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Pantothenic acid 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Sodium Ascorbyl Phosphate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Hydrolized mushroom 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Distilled water 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00
Glycolic acid 0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.03 0.02
F Essential oil 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Fragrant 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Microcare (PHC) 0.80 0.80 0.80 0.80 0.80 0.80 0.80  0.80 0.80
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0  100.0 100.0
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9aunNN 40 Bar ALYy
7) laansdrdnyannuia E fldann 6) ashuladuynnssuds Junalmdniy
8) ldansluwia F adluladuann 7) andudumealsida
9) NATILNANA Lz pH VOINERTUN
3.2. NMINAABUAMNAIFILUULIY (accelerated storage test)
wisunansusiladuldvianaradnlavuia 100 faddns ufigunad 4 + 2 s
wardoa \una 24 $alus wdufugunaiidu 45 + 2 ssmwaiea 1Wuan 24 Falus
aduiuaunsy 4 ass selilnBuiiguvniives navaeudnunendndas Tufinua & n1suen
$u pH Aadoniedeilivenduuariianmund
3.3 nadouAITEUMUUsTamANTavesiuslaaluladutigsiafidmdenan 3.2 Tagldy
naaouAEindusIuIL 25 AU #1875 7 point hedonic scale Tasvnagey dnwazusing & nau
auwilsuvuozyuy M3Tughn waynsuonsUREATae fenINITIuTY
3.4. Lsgindndasilatuiigeiany uen. tea 15-2561 wandasiirgsinanaulng
Usznousae A1d pH Anuasialuanmsuuuissseuadudy astvuiteu Taud axia Usen
any waznuSenfiazansls auannsgruvesrudiduauaimuazannuamunlulg Julshamn
et al.,2013) @5‘14‘1/1%5‘1}141,%]814 laun totol aerobic plate count, Pseudomonas aeruginosa,
Staphylococcus aureus, Candida albicans Wwag Clostridium spp. mmmmgm%ﬂ@uﬁﬁ'ﬁ
guAMazANLNILE lgdawUasisues Erin (2012) wag Ann et al. (2010)
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1. nMswseaiavinnanguuaziiannsnanuILauwisuaaziden

Fanrsaanguouuriadinmin 9.48% vosiwminan danslulewnsniiaun 52.94%
TUsAu 32.87% lasiusiansn 2.83% 181 9.34% USanamnudu 2.02% a,, 0.14 uasiienddad
ArAuadng (L9 49.11 Aranududifen-ung (a%) 3.48 wazAraududnitu-maes (o%)
5.62 fegneasiidnwarAoulUnsdmaemaina

Whannsnenuuauwieidiun 7.98% vestmidnan fanslulawmsavianun 52.85%
TUsAY 32.05% Tasfustanun 3.73% 11 9.12% wazUSunuaudiy 2.25% a,, Sidn 0.14 uasd
A L* a*Wa b* 42.27 4.30 uag 5.78 mudey fegsssidnuasroulunsdivdomeautiina
2. msanalusaulalaslalwnaindiannedreniseeslneeulesidaniad

nsgeuinrveuntiunazBon msoulsidantaaissezinainieiu wul Wiy
181@1516L"?j‘l/l‘i]’mLﬁ@]WNﬁIﬁﬁﬂ?’]M%ﬂJ@ﬁsﬁu dlofsusuianiseuwiunaziBen Wesnlusiu
lelaslaemgniaiuse shlifvuraluanadnasdsaunsogaanutunduléii (Aesidnd
wazysdng, 2557) Tnediaudiueglutg 4.29 - 6.73% Bsliuansnafumean Ysinaniidase
fiAnl 0.16-0.17 Falslunnsinafun1eadd sniunisgesifinrnsmenguilszezinainiseos 2
s fenUTinanidasedeniian Wondumsdosszesiidesiigniadinailushiuaseniey
I‘Uiaui‘aﬂmﬂaLwﬁlﬁﬁﬁ’l?ﬁL‘U?iauuﬂaalﬂmﬂLﬁ‘/‘i@‘l/\l’mmaﬂ@uauuﬁwmaz@&m IR RIREY
atna daseglutng 30.24-37.98 faneududunsgetuoglutas 4.50-552 faaadua
waesasegludi -1.58 fs 1.98 yilslusfulalaslaisniidadias (Table 2 wag Figure 1)

v 1 1 A

wenNUANUTUTIdHaiad Weauugiudwaliriauainanas iWeanuinien

1%
a

= @& a © | ¢ . . a aaa s
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gnoendladiuansiid nefith aaufou Wususeuiisen (Qinchun et al., 2016)
Table 2 Charactertistics of hydrolized straw mushroom protein (bud and bloom) with different methods

methods % Yield % Yield % Moisture a, Color
wet basis  dry basis L* a* b*
Bu2 55.50 ab 51.21 ab 4.29 0.12 a 3798 a 5.06 0.67 ab
Bu3 61.25 ab 54.95 ab 6.30 0.16 b 3584 ab 4.54 0.01 ab
Bud 69.75 a 63.78 a 5.97 0.16 b  36.80ab 5.52 -0.77 b
Bu5 57.25 ab 51.30 ab 5.95 0.17b  36.61ab 5.24 -1.22b
BL2 50.25 b 4513 b 5.12 0.16 b  36.23 ab 4.82 0.08 ab
B3 62.00 ab 55.89 ab 6.11 0.17b 34.24 b 4.84 198 a
B4 54.00 ab 47.27 ab 6.73 0.17b 3527 ab a77 -0.83 b
BL5 64.15 ab 5791 ab 6.24 0.17b 3598 ab 5.44 -1.58 b

Means within the same column followed by different letter are significantly different (P<0.05)
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hydrolyzed
Figure 1 Hydrolized mushroom protein with different methods

nananlusAulalaslasmilaluunazanmizian 45.13-63.78 % laeumtin Faliuandaiu
aa a oA a 424’ | (%} = < v 1 :J/ al | 1 a
neadd lnedand USunamutiu uanssiudssantessintu nsnezdludiulvajvesusiu
lalaslawniusunaniududlonailunsgeeuudy (Table 3) lown nsaweaussin vistedu Y5u
nsangendn ndu lnadu svailu 1au leled@u Barau diu 893 InlsTu Adaszarilu ladu
s A B a o ) N A a X & a a
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naudivesTununsneziiluniaudAyiuionds laud nsangaiin lnadu Indu
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AuEaU TUSunaunsneziiluddgdmiuRanieainiingsuisaun

Table 3 Amino acid Profiles of Hydrolyzed Straw protein with different methods

Amino acid Dried Dried Methods
profile unit straw straw Bu2 Bu3 Bu4d Bu5 Bl2 Bl3 Bl4 Bl5
(mg/100g) Bud Bloom
Aspatic acid 2,480 2,302 2,653 2,741 2,486 2,676 2,678 2,702 2,677 2,604
Threonine 1,380 1,288 1,510 1,546 1,481 1,462 1,480 1,487 1,548 1,465
Serine 1,413 1,272 1,486 1,509 1,405 1,465 1,457 1,473 1,458 1,473
Glutamic acid 4,775 4,756 5,193 5,460 4,937 5,097 5,710 5,728 5,594 5,583
Proline 1,118 1,041 1,247 1,387 1242 1344 1294 1313 1314 1,197
Glycine 1,204 1,140 1,301 1,301 1,242 1,276 1,278 1,311 1,345 1,311
Alanine 1,993 1,861 2,168 2,209 2,156 2,153 2,225 2,213 2,300 2,199
Valine 1,484 1,373 1,752 1,834 1,755 1,828 1,875 1,847 1,801 2,006
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Amino acid Dried Dried Methods

profile unit straw straw Bu2 Bu3 Bu4 Bu5 Bl2 Bl3 Bl4 BL5
(mg/100g) Bud Bloom
Isoleucine 1,191 1,161 1,483 1,433 1,404 1,460 1,421 1,424 1,433 1,423
Leucine 1,472 1,261 1,360 1,351 1,172 1,299 1,600 1,659 1,590 1,639
Tyrosine 751 729 731 769 629 778 737 805 771 813
Phenylalanine 1,104 990 919 917 730 914 929 963 905 898
Hidtidine as54 446 491 580 503 523 581 575 547 ae67
Lysine 1,607 1,339 1,608 1,642 1,348 1,505 1,401 1,486 1,497 1,475
Arginine 1,421 1,210 1,241 1,288 1,186 1,194 1,177 1,088 1,155 1,035

Total protein 32,870 32,050 32,950 32900 32500 32,000 32900 32,600 31,900 32,400

dle@nwgrsniaganim wiwinlusiulalaslawnaniiaviannssuids dgnslunisdnu
auyadaszganIIandud Finssuisi 7 fe nisdesiianisnenuiud 4 Falus Jgnslunisdiu

a

ouyadasvasaniie 32.20% SeganiinindmAudas 30.36% udlignilunistuduouludinls
Fuuas (ICs, = 144.15 fadnSusiofadans) luvasfinssudsi 2 Aelusiulalaslawmainidia
V\Iwaﬂamiasﬁ 3 47Tu9 ﬁqw‘é‘[,umsé’ué’jqLauiﬁﬂlmis%maqaﬁ ICs = 1.72 Hadnsume
fiadans (Table @) WoTisesivia 3 Hadesauiu fe UsinunsnesfilufiddaysoRods quilu
nsfueyyadasy uargrdlunissudueulesilvlstiua SnidonTusiulalaslawmainie
shanenuiugesd 4 Falusiifignslunisiueyyadaszas uasiaugydlumsiuduoulediinls
Fruasmelusiulalaslawnanifiaranongudosd 3 $alus ludnsndu 1:1 wielsildTusiy
lelaslawmanniienheifusyavsninlunisquaiionssaunsudou
3. msUszgndldusiulalaslawmanuiiavislundasausiladuiigein
nsltlusulalaslawmanniieridlundafusiladuiigeia wuin ns5adsi 1-3 7 pH
2l UAININTIIUNDNAMNTINEE 15-2561 HARSMNUNTIHNaENayUlng (3.5 81 7.5) (d1ineu
UINTFINRAAMNTTH, 2561) Ap Aeragludae 6.42-6.70 d1uns3uis 4 - 9 dA1 pH 11N
7.5 1ilesanildiulszneuvesansiolaa triethanolamine FaLdusing minfinnsandiunsalsil
oH mndn 7.5 avilideladuinsideuulaswaziinnsuenduls dmsumanuainawes
Tadudgiamanlusiulalaslammainidiarng Sanuuandafudntes Taeladunssndsn 1-3
Lifldrunauvenaaisdianuainuinnd aenududuas wazareududivdes dewansg

fuanties aniuiieg1ad 4-5 faanududivdewingn (Table 5)
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Table 4 Bioactivity of 50 ppm hydrolyzed straw mushroom protein (DPPH for inhibition

of anti-oxidation compared with Vitamin C and Dopachome for tyrosinase inhibition )

Methods

Anti-oxidation

Tyrosinase inhibition

(%DPPH Inhibition)

ICs0 (Mg/mL)

Dried Straw Bud Mushroom 1792 d 0.70 £ 0.04 b
Dried Straw Bloom Mushroom 25.30 ¢ 1.71 £+ 0.27 c

Buz 29.10 bc 264 +0.71d

Bu3 2741 ¢ 1.72 £ 0.31 c

Bud 28.57 bc Not detected

Bu5 27.64 c Not detected

Bl2 28.64 bc Not detected

B3 29.76 b Not detected
Bl4 32.20 a 144,15 + 1.72 f
BL5 32.00 a 102.72 £ 2.33 e

Vitamin C standard 24.70 c -

Kojic acid standard

0.02 + 0.00 a

Means within the same column followed by different letter are significantly different (P<0.05).

Table 5 Color and pH of the hydrolyzed straw mushroom protein body lotion

Method Color pH
L* a¥ b*
1 50.93 a 1.20 ab 519b 6.47 a
2 51.62 a 1.16 ab 5.58 ab 6.42 a
3 51.33 a 1.27 ab 5.49 ab 6.70 b
il 48.87 b 1.31b 4.13 c 8.58 d
5 48.74 b 1.07 a 4.49 c 831 c
6 49.14 b 1.21 ab 520 b 8.35c
7 49.14 b 1.21b 520 a 8.35 cd
8 48.95 b 1.15ab 5.40 ab 8.39 cd
9 48.47 b 1.34 b 5.96 a 833 c

Means within the same column followed by different letter are significantly different (P<0.05).

devihnsnaaeuruasiivedatuiian1izssmesamaliiuaduiow wudn nssuisy

1 funsnageunan1zss Inedadinnuasiiiduilomeniu diunssuisdu q nandueiladu
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1n15u8nTu (Figure 2) J9AnLaanNnTINISN 1 rlUAmszraudinienIen A uLaznaInIs
NAFRUMYANTIESY FalinunmsiUdsuwdamanieninvedlatuansaing1d (Table 6) fatu

SUdennITIASA 1 lennaeumsuensum s uUsEadudadely
Method 1 Method 2 Method 3 Method 4 Method 5

A B 4 87

Method 7 Method 8 Method 9

Figure 2 The 4 cycles accelerated storage test of hydrolyzed straw mushroom body lotions

Method 6

L

Table 6 Characteristic of hydrolyzed straw mushroom protein before and after test

with accelerated storage test

Color
Methods pH
L* a¥ b*
Before Test 50.93 ns 1.20 ns 5.19 ns 6.47 ns
After Test 50.44 ns 1.51 ns 5.60 ns 6.48 ns

Analyzed by one-samples t-test

NANIIVAFBUANUTEUNNIAUUSZAMEURE waznisuausuvesuslaaseladudusiil

AMUYBUAIUE 5.24 AzUUU AMUNLA 5.16 AzLUY N13TUER 5.08 AzLUY AMmTE]

WMUBENUY 5.16 AZLUU NAUNAINI 3.92 AZLUY AMUYUIUNSINI 5.76 AzUUY kazinis

YR a o ¢a ° P & ' P a .
YDUIUNDNANNUNN 80% Qqﬂﬂquju%WWaﬂUWQWNﬂ IﬂﬂluW‘UE&LLWWﬁ@ﬁgﬂqﬁlLﬂ@\i (F|gure 3)

T-points Hedonic scale Product acceptance

0,
Maisture 5.76 80 A)

Smell ——— 357 Reject -
5.16

Stickiness
5.08

Absorbed to the skin

5.24

Color

0 1 z 3 4 5 & 7 0 5 10 15 20 25

Figure 3 The result of 7-point hedonic scale test and the product acceptance
NINAFUATUNIUDUABINUAINNINTFINENAIMNTTURE 15-2561 Asranungniby

Usunautleannuazamialinu Usen ansmyuaziusenfiazansladadulusmumnnsgiu (Table 7)
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Table 7 Heavy metal contaminant test of the hydrolyzed straw mushroom protein

body lotion and Thai SMEs standard 15-2561.

ltem Thai SMEs standard Hydrolyzed straw mushroom protein
15-2561 body lotion
Lead (Pb) 20 mg/kg 0.13 mg/kg
Arsenic (As) 5 mg/kg Not detected
Mercury (Hg) 1 mg/ke Not detected
Soluble barium 0.05% Not detected

¢ a

Ansgiiqdunidvesnan fuslatuiisiananlusiulalaslawmainifianig liun
totol aerobic plate count, Pseudomonas aeruginosa, Staphylococcus aureus, Candida
albicans way Clostridium spp. WU wILTImvesUATiSefiasydulalagldonnieluysuia
300 CFU/g datfesninnadidmun uazmsrnlinuqdunidfnelsasiindu (Table 8) faify
wansamladuthssimanlusiulslnslawmisiuinnsgiugnainnssuea 15-2561 wanfus

Ungeiananayulng

Table 8 Microbial test of the hydrolyzed straw mushroom protein body lotion and
Thai SMEs standard

Item Thai SMEs standard Hydrolyzed straw mushroom
15-2561 protein body lotion
Total aerobic plate count 1,000 CFU/g 300 CFU/g
Pseudomonas aeruginosa Not detected Not detected
Staphylococcus aureus Not detected Not detected
Candida albicans Not detected Not detected
Clostridium spp. Not detected Not detected

4. AMUIUAUNUNITHER

Tusulelnslaemanidiasslundnsasilady vun 250 n3u fidunudriagiv 3.16 vm
(Table 9) uwagnandusilatunaulusiulelaslananifiarisuTuiu 250 n3u dFuyuan
AU 53.69 UM (Table 10)
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Table 9 Cost of the hydrolyzed straw mushroom protein

Hydrolyzed Quantity Finely Fresh Cost of Cost of Cost Cost of  Total
straw (gram) ground mushroom fresh enzyme  of distilled cost
mushroom mushroom (gram) mushroom (baht) NaOH water (baht)
proteins (gram) (baht) (baht)  (baht)
Bud 1 1.63 17.19 1.55 0.0815 0.02 0.465 2.12
Bloom 1 1.85 23.18 2.08 0.0925 0.02 0.74 293
Mixing hydrolyzed straw mushroom proteins (baht/gram) 2.53

Table 10 Cost of the hydrolyzed straw mushroom protein body lotion

Chemical Quantity (g) Cost (baht)
Distilled water 187.20 3.18
Disodium EDTA 0.25 0.08
Glycerine 7.50 0.70
Viscolam at 100P 5.00 9.47
Cetearly alcohol 5.00 0.82
Emulsifying Wax 7.50 2.85
PEG-40 hydrogenated Castor oil 5.00 1.22
Extra virgin olive oil 7.50 2.60
Isopropyl Myristate 7.50 2.21
Vitamin E Acetate 0.50 1.15
Niacinamide 7.50 4.05
Pantothenic acid 2.50 3.75
Sodium Ascorbyl Phosphate 2.50 12.69
Hydrolized mushroom 1.25 3.16
Glycolic acid 0.05 0.08
Lavender Essential oil 0.63 2.26
Fragrant (Geranium) 0.63 1.38
Microcare (PHC) 2.00 2.04

Total Cost (Baht/250 ¢) 250.00 53.69
dgunan1Inag

Tunsuanlusaulalaslaiwmainmianisiveldlulady L'%mmmsa‘uLLﬁuﬁmWN@]aﬂ@m

dl = [~ QIJ 3 o = v 1 v 6
WaLARNUIUT 70 e wawed tWunal 10 9719 9 ntuiiuunasdenwalgasneLou el
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Managing Factors of Production Efficiently on Sustainable Oil Palm Production
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ABSTRACT

The effective management of sustainable oil palm production has objectives: to study
the influence of water and fertilizer for sustainable oil palm production at Surat Thani Oil Palm
Research Center between January 2011 - December 2019. The split plot design in RCB 3
replications was employed with water regimes as main plot and chemical fertilizer as sub-plot.
Main plot was rainfed, irrigation 0.8 and 1.2 times of evaporation while sub-plot was chemical
fertilizer 75, 100 and 125 percent of the DOA recommended rate. The results showed that
irrigation factors had more influence growth and yield than fertilizer factors. Oil palm that receives
1.2 times of evaporation provided 4.93 tons rai” year! oil palm production (higher than rainfed
31%) and 1.47 tons crude palm oil (higher than rainfed 46%). While, 1.2 times of evaporation with
125 percent of the DOA recommended rate provided oil palm yield and crude palm oil 5.42 and
1.57 tons raiyear?, respectively. Oil palm that received water 0.8 times of evaporation had lower
the total production cost than rainfed 6%. The nutrient use efficiency increased 17% of rainfed,
the water use efficiency increased 19% of rainfed, and the land use efficiency increased 20% of
rainfed. Oil palm that received water 1.2 times of evaporation had lower the total production cost
than rainfed 11%. The nutrient use efficiency increased 28% of rainfed, the water use efficiency
increased 31% of rainfed, and the land use efficiency increased 31% of rainfed. All of these were

resulting in sustainable and friendly oil palm production.

Key words: Irrigation, fertilizer management, water use efficiency, yield, net income
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(1988) Fumeunswieudnogesdiun1snisnisues Ooi (1978) nsafmusiuldis Soxtec uas
Aunulediudinifusonzansuaznananisiulduiu SnsgiaauuUsUsa ANOVA #e
TUsunsu IRRISTAT uazi3suiiisudiadevesdoyanisadauivlauaznanansieds Duncan’s
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1) Usgansninnislddeiadiluusaznssuds angns
Usgavsnmnslddeiadl = nandanzane Rlaniusiols)/Jinadoniidily Glandude dels)
2) UszaAnsnmmsiinh visesesvin (water footprint; WF) YomzansUduinsy 1
MU MNUTBNNTVRN Hoekstra et al (2011) 9ngns
WF = WFyey + WFoge + WFgean

187 WF e, FRUSNMANNADINSU TN INVR s SN W gl sUvesruduluAy
WFy e ABUSINUENTaUTENUALANY

WF e, AoUsHnautidedldluszararsuaiivlvioglusnasguniusssusa

srey
3) Anenmnsliniau AunalaeRngiuaincandseds 5 U wui 20 15 daenssids 12F2 uaz
Wisusuiunenaahaudsiuresnssisous adeslanunmilug nndesnslilasurnanaavanums
) v Aa & = ~ Y] vaa ' ) v o Y}
INeenssiit 12F2 nuudalssudisudnanmmsmslanauluwsiazssauvestadevdnuasladeses
4) fuvu eunazselaans Auausuyuszuuling wasuildli adeniivas
a13UsuUTsAu ardndlddauasiiuiiemnandn wazsiasuainuands sunuaile tassiunuimun

ronands auyusials warselagvslumsndaurauiiundnnistadunisudnuansineiu

NAN1TNAABAEIATA]

dudAn1enennLasAlivasiu

Ansginuuarluynifiossidiumiumngauveamsiamatiwas oiaiiuansnaiu g
ﬂwwmmagiuazé’fuﬁmwau LAZLAUONTNTINNAIATISHAUANIZTT 8 wuin pH Audien 4.67
(Figure 1a) Bsdfaausu pH feyulalaluvi 3 Alansusiodu AnilaliwEennuAuAutosunlsl
nsgnusiaUduintu (Figure 1b) veawefafifuvsslonilufiu 26 ppm eglussdumanyaugs
(20-25 ppm) Wag I0FO I0F1 wa 10F2 31A1ge 25-71 ppm Faudunananimonderiny (Figure
10) Tnunadeufivanildeuld 126 ppm agludiauninzangs uasnssuds I0F1 uay 10F2 denga
111 194-195 ppm (Figure 1d) wunfi@eudiwanidsuld 55-139 ppm agludialiunansiia
wanzangs (Figure 1e) upaBeuiwaniudeuls 307 ppm eglutiavsnzau (Fisure 1f) uazfise
AUNATINDINIT SRTIFIULARTENsBLUNTLTENTAY 3.86 dAduauna (Figure 1g) dnIIdIU

wuni@eusolnunadeuien 0.81 danuauaawiuiu (Figure 1h)
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Figure 1 Chemical properties of 50|l: pH (a) EC. (b) avallable P (c) exchange K, Mg and Ca (d-f), Ca:Mg (g)
and MgK (h) at Surat Thani Oil Palm Research Center; April 2019

EC(dsm?)
P avai. (ppm)

(d)
200

K exch. (ppm)
Ca exch. (ppm)

Mg exch. (ppm)
]

)

Ca:M§

Ysuusinemnsiuly

s monmsindinhi i 8 Wisuieutueuminzamemmenmsludin sy
o1 87 dfeil Banalilsauitovn 238264 Weano$a 0.15-0.17 Tuvaiden 09-1.1 unnfien 024026
wavmeadenl 0.25-1.0 %lneni miinusts Wanalusewtawinzan 15-25 ppr (Richardson, 1986) wui

Umadlulasiau (V) luluideveanisdnnisd1 10 11 uaz 12 e 2,250 2.251 uaz 2.317
Tnothwidnuis auddy Tae 12 a1unsogeld N 1801 10 was 11 wagiissdulownd FO F1 uas
F2 U3anas N Tuludlen 2.264-2.287 Tnethminusis ddndiAesiuann (Fisure 2a)

Usmasleavieda (P) lululadevesnsdanisiuay mMsdanisdewaiifsneiuilan 0.143-
0.147 Tamtiwiinuiis (Figure 2b) dslndiAssfumnuagsniavingaidntos

Unalnunaden (K Wluedsvesnsdnnisth 1011 uaz 12 fid 0.945 1.047 uaz 1.010
Tagthuinuisnuddu uazegluseduilimngan dmiunisianistoadisiunuii Juw
U3 K TulufiunTdudsdunusnsefidiutu (Figure 20)

Usmnaundiden (Me) luluedsvesnisdanisin 10 11 way 12 Suuiliufiudufianig
Fenfuiainarhillésu 0.266 0.280 uag 0.292 Tasthwiinuianmugiu) dmsunisdnnisdeiad
finefunudn USunas Me Sldn 0.268-0.288 Taetinnsdnuiis (Fiure 2d) iiaidsuiisuiuniny
foansvasundiniiiunudn Usunas Mg Segsnieimangamdniion

Unaueaide (Ca) luluadsvesnsdansiuasdeiniifidnaiuiie 0.672-0.753 Tas
thwiinuia (Figure 2e) Bsoglussdufiomnzaudofoufiouiuanudesnimveshdutiy

Usunallusou (B) MLULaé"aﬁuaamsﬁhmiﬁwLLazﬂaJmﬁsmﬁ’uﬁfh 38.2-44.5 ppm (Figure 2f)

BegandnAvananUszana 50-75%
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Figure 2 Leaf nutrient concentration: nitrogen (a) phosphorous (b) potassium (c) magnesium (d) calcium (e)
and boron (f) of hybrid oil palm “Surat Thani 7” which different of irrigation and fertilizer level at
Surat Thani Oil Palm Research Center; April 2019
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USinueudesnisiivesundutiiiy (CWR) ufuasemetiuazTuusiling ul
WA, 2550-2562 USHNaindunUsUTIann 1,519-3,644 fadwnsned 1ady 2,076 faawnsned
Fsumeinads 3.60 Tadumsrotu geantaafiunA-mwey Silusuaunn de 5.74 Hlusie
fu gaungll shan-geaniade 22.9 way 32.4 ssnwaliea ouvinfiade 27.4 sswaldea ATy
i frga-gaaniade 63.0 uaz 95.6 Wedldud innsanlaesin anmgioniaiiniamnza
fumnudesnsvesuduthiiu enudilusuasuaatosniiaudoinisvesurdutidiy CWR fin
1,251-1,465 fadmngset) Tag CWR denwianludl w.e. 2560 wazgaaniul w.a. 2562

USunauelulynng s‘fnqm'ﬂ N.A.2558 1,016 UadlUAS LLasQaqm'ﬂ W.A. 2560 1,561 Uadlums
IWR si¥oAn1suntingean 595 adwnslul we. 2559 wardsnansenudenandnuidutindud
o1fetry U e 2560 IWR Sarshanifing 194 fadmns Fadunaideunduthiuiiondovuy

wazUsgansnnnsldde (Figure 4)
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Figure 4 Crop water requirement; CWR, Precipitation efficiency; Peff. and Irrigation water requirement;
IWR of hybrid oil palm var. Surat Thani 7 which different of irrigation and fertilizer level at Surat Thani
Oil Palm Research Center; January 2554-December 2562
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Figure 5 Growth: frond increased (a) total frond (b) frond length (c) petiole cross section (d) leaf area
(e) and leaf area index (f) of hybrid oil palm “Surat Thani 7” which different of irrigation (left-1)
and fertilizer level (right-r) at Surat Thani Oil Palm Research Center; July 2015-July 2019
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Figure 6 Yield component: bunch number, mean bunch weight and fresh fruit bunch yield (a-c) which rainfed, irrigation
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0.8 and 1.2 times of evaporation and bunch number, mean bunch weight and fresh fruit bunch yield (d-)
which fertilizer 75, 100 and 125 % of DOA recommended rate and fresh fruit bunch yield (year 8) of hybrid
ail palm “Surat Thani 7” (g) at Surat Thani Oil Palm Research Center; July 2014-June 2019
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Figure 7 Average yield component (year 4-8): bunch number (a) mean bunch weight (b) and fresh fruit

bunch yield (c) of hybrid oil palm “Surat Thani 7” which different of irrigation and fertilizer level

at Surat Thani Oil Palm Research Center; 2017-2019
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Figure 8 Hybrid oil palm “Surat Thani 7” which irrigation 1.2 times of evaporation and fertilizer 125% of

DOA recommended rate at Surat Thani Oil Palm Research Center; December 2017.
qmmwmmaLLazwawamﬁlﬁﬁuméuau n1s¥an1sdadunisndnssiuinanennnin
yzans Taon1slih 0.8 uaz 1.2 whassrszmed difudensarsganinendeisu 6 way 12
Wesidud mudau wam%mﬁﬂﬁuméuﬁuqaﬂdwmﬁ’aﬁmu 26 way 46 Wasifud muddu nsli

Judnsaneanunuii maranuisulduauliuenaneiu (Table 1)

Table 1 Qil per bunch and crude palm oil content of hybrid oil palm “Surat Thani 7”7 which rainfed,
irrigation 0.8 and 1.2 times of evaporation and fertilizer 75, 100 and 125% of DOA recommended rate

at Surat Thani Oil Palm Research Center; July 2014-June 2019

Factor Oil per bunch (%) Crude palm oil content (tons rai? year™)
production 10 11 12 Mean 10 11 12 Mean
FO 27.2 27.6 30.9 28.6 1.01 1.21 1.47 1.23

F1 27.8 29.4 29.8 29.0 1.10 1.31 1.38 1.26

F2 254 28.0 28.9 27.4 0.91 1.29 1.57 1.26

Mean 26.8 (100) 28.4 (106) 29.9 (112) 28.3 1.01 (100) 1.27 (126) 1.47 (146) 1.25

AudsBuvaensuAnUdanitiu

Fununisuin nndnrduiifuasianuddu fununisdedosiuaglinsemuse
WaAn Aaasuny 2 3UkuY 1) dunudend vesrduiduildsui 0.8 way 1.2 wihwesdn
sumetfian 0.62 waw 0.56 vmsedlandu Mndederey 17 ua 25 Weddusd aud iy uae
funuileiaiifisziuts 100 uas 125 Wedldudvesdnuuzih gaind 75 wWesidusdvesdnsuuzih
30 uae 58 Wodldus muddy 2) dunuay Undufuildsui 0.8 uar 1.2 wihvssesziven
fif 2.18 way 2,07 vwsedlaniy muddu sndiodeiay 6 way 11 Wediiud mud Ry uay
{Joiafifl 100 uay 125 Wedldudvasdnauuzih dunusingning 75 wWesidudvesdnsuuzih
18 uaz 36 Wodldus mud1du (Table 2) uanei1 n1sdanisindrvandununisudald nan
fnsanangdnnioainuit msladesmsuiuduiliduunsiadioiu

185U Fununisuda uazseldans wui mesureshduiifuiilasud 0.8 wa 1.2
WiasAszimengandtedetiy 19 wag 31 Weddud mudiu Turasiidhdefiretud

srefulisineiu Ingddununisudn 6,130 uag 6,388 unsials gendtenduuilu 13 uay 18
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LUaTLEUR A1Na1aUu (Table 3) YN ﬂ']iW%']iﬂﬂﬂquﬂqima@ﬂ?iﬂﬂﬂ@u%um@mawammqﬂﬂjq
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Funusteiiuil iesannisdansiinudizamugustandnazgmnulude Udmiduiildsui 08
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NuATNT et msdanstladenisuanegramnzanilofiunandnuazandununisaan el
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Table 2 Fertilizer cost and total production cost of hybrid oil palm “Surat Thani 7” which rainfed,

irrigation 0.8 and 1.2 times of evaporation; 10 I1 12 and fertilizer 75, 100 and 125 % of DOA
recommended rate; FO F1 F2 at Surat Thani Qil Palm Research Center; July 2011-June 2019

Factor Fertilizer cost (baht kg?) Total production cost (baht kg?)
production 10 11 12 Mean 10 11 12 Mean
FO 0.57 0.48 0.44 0.50 (100) 1.90 1.86 1.79 1.85 (100)
F1 0.71 0.63 0.61 0.65 (130) 2.22 2.20 2.17 2.19 (118)
F2 0.97 0.76 0.65 0.79 (158) 2.83 2.49 2.24 2.52 (136)
Mean 0.75 (100) 0.62(83)  0.56 (75) 0.65 231 (100) 2.18(94) 2.07 (89) 2.19

Table 3 Revenue and production cost of hybrid oil palm var. Surat Thani 7 which rainfed, irrigation 0.8
and 1.2 times of evaporation; 10 I1 12 and fertilizer 75, 100 and 125 % of DOA recommended
rate; FO F1 F2 at Surat Thani Oil Palm Research Center; July 2011-June 2019

Factor Revenue (baht rai™) Production cost (baht rai)
production 10 11 12 Mean 10 11 12 Mean
FO 18,504 21,835 23,720 21,353 4,388 5,088 5,319 4,931
F1 19,786 22,306 23,123 21,738 5,484 6,123 6,274 5,960
F2 17,969 23,040 27,088 22,699 6,348 7,178 7,572 7,032
Mean 18,753 22,394 24,644 21,930 5,406 6,130 6,388 5,975
(100) (119) (131) (100) (113) (118)

* FFB price 5 baht kg!

Table 4 Net income of hybrid oil palm “Surat Thani 7”7 production which rainfed, irrigation 0.8 and 1.2
times of evaporation and fertilizer 75, 100 and 125% of DOA recommended rate at Surat Thani Oil
Palm Research Center; July 2011-June 2019

Net income (baht rai')

Factor production

10 11 12 Mean
FO 14,117 16,747 18,401 16,422 (100)
F1 14,302 16,183 16,849 15,778 (96)
F2 11,622 15,862 19,517 15,667 (95)
13,347 16,264 18,255
Mean 21,930
(100) (122) (137)
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UszAnsnmnaslddeiatl madiausasiowniiain 75 100 uag 125 Wesifuduesdnuugii
i UsrAvsammslideieiianas 24 uay 36 Wosidud lnetewadl 1 AlansulFnandnundaningiu 311
236 uaw 200 Alandy mud Iy UsrAvs mnslidewndfafistumatioderfilasy lnetdaniui
150 08 war 12 wimesisewion wenBaudu 17 way 28 Wesidud sud iy danBeudieutums
KaRlPEeFBIYNEp Vi eHaRARALA N 216 W 253 uaw 27.7 Alansusletlewad 1 Alans (Table 5)

Uszdudammsldth dssdvsnmnslidifutudeundimisulasudeedifiviu taens

HARNANER 1 Funzaite aw1saannislduiain 605 Wu 591 wag 580 gnuIAfluns viseliuTu 2

[
=

way 6 LUaskEud AuasU WiuReAUUSIIANSTINAMLTUNUIN UseanSainasidundiudu

3

wuriu lnenandn 1 duvgats a1unsoann1sldunain 683 Wu 571 uag 521 gnuiAiwng w3e
Usz@nSnmnistduniiadu 19 waz 31 Wesidud audiu Feanudn Jadenisliinduladend
answalunsiiindsednsamnisldinlumsndaurduifuuinnindadedewed (Table 5)

Table 5 Nutrient use efficiency and water use efficiency of hybrid oil palm “Surat Thani 7”production

which rainfed, irrigation 0.8 and 1.2 times of evaporation; 10 11 12 and fertilizer 75, 100 and 125 %
of DOA recommended rate; FO F1 F2 at Surat Thani Oil Palm Research Center; July 2011-June 2019

Factor Nutrient use efficiency (yield kg™ fertilizer) Water use efficiency (m? ton! yield)
production 10 11 12 Mean 10 11 12 Mean
FO 27.1 31.7 34.4 31.1 (100) 691 586 539 605 (100)
F1 21.3 24.2 25.2 23.6 (76) 646 573 553 591 (102)
F2 16.4 20.1 23.6 20.0 (64) 712 555 472 580 (106)
Mean 21.6 (100) 25.3 (117) 27.7 (128) 249 683 (100) 571 (119) 521 (131) 592

Angn1wNIstanaY MskasUduisultnamumi 25 U Mssnmstadensaasivinyauas

'
o w a

NusvdvSam viwesnsninawirnaansaialdfnemmnslinaulagwu Mudemaramy soluay
AAnanmlunsaanunauunafsIy 9INMsANIMKaNaRRaNAY 20 lsWuin 10F0 wae 12F2 RS unan@s
QA8 74 har 1084 Aunal WA 4-8) hasynnNnNuAsNSiNISIANISU R INMSHARR MeRIEnIsannIsun 0.8

Waw 1.2 WinesAszme AngammsldnAuvesnensnaaiiaiiy 20 uax 31 Wosilus auaau (Table 6)
Table 6 FFB yield and land potential of hybrid oil palm “Surat Thani 7” production which rainfed, irrigation

0.8 and 1.2 times of evaporation; 10 I1 12 and fertilizer 75, 100 and 125 % of DOA recommended
rate; FO F1 F2 at Surat Thani Oil Palm Research Center; July 2011-June 2019

Factor FFB yield 20 rai (tons) Land potential (rai)
production 10 11 12 Mean 10 11 12 Mean
FO 74.0 87.3 94.9 85.4 29.3 24.8 22.8 25.7
F1 79.1 89.2 92.5 87.0 27.4 24.3 23.4 25.1
F2 71.9 92.2 108.4 90.8 30.2 235 20.0 24.6
Mean 75.0 89.6 98.6 87.7 29.0 (100) 24.2 (120) 22.1 (131) 25.1
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Figure 9 Qil palm production cases that used appropriate irrigation and fertilizer during 2019-2022

72



W Total WF 2562 Total WF 2563 Total WF 2564 Total WF 2565
8000 1

6000

1FFB)

4000

2350
1900

1500
2000

646 653
J " -
o |

Figure 10 Water use efficiency (water footprint) of oil palm production of 4 farmers that using appropriate

Total Water Footprint (m3 ton-

irrigation and fertilizer during the year 2019-2022.
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ABSTRACT

Chemical fertilizers are expensive because they have to rely on imports from
abroad. Therefore, it is necessary to find an alternative plant nutrient source to substitute
chemical fertilizers for farmers in order to be self-sufficient. Azolla is a biological resource
with a high potential for plant nutrients. However, the use of fresh azolla in vegetable
production is still limited due to its high water content. Therefore, research and
development on the use of dried azolla in plant nutrient management have been
conducted to make it possible to apply it efficiently to vegetables. The release of
nutrients from dried azolla was studied by incubating it in soil under laboratory
conditions. The effect of using dried azolla on the growth of cos lettuce was also studied
in a greenhouse and in a field experiment. It was found that dried azolla can release up
to 36 grams of nitrogen per 100 grams of total nitrogen after 42 days of incubation, and
the maximum release rate was 12 grams of nitrogen per 100 grams of total nitrogen per
day within a day after incubation. For phosphorus release, it was found to occur up to
15 grams per 100 grams of total phosphorus after 35 days of incubation, and the
maximum release rate was 12 grams of phosphorus per 100 grams of total phosphorus
per day within a day after incubation. The release of potassium was found to occur up
to 33 grams per 100 grams of total potassium within a day of incubation, which is the
highest release rate. When the effect of dried azolla on the growth of cos lettuce was
studied in a greenhouse, it was found that the maximum growth of cos lettuce was
obtained when 35 grams of dried azolla were applied per kilogram of soil. The fresh
weight and dry weight of cos lettuce increased by 736 and 286%, respectively, compared
with the treatment without dried azolla. The field experiment in Nakhon Ratchasima
province was carried out in 2023. It was found that applying 0.5 kilograms of dried azolla
per square meter increased the yield by 69% compared with the method using a
chemical fertilizer of 9.4 grams of nitrogen per square meter. When 0.5 kilograms of dried
azolla per square meter was combined with chemical fertilizer of 7.1 grams of nitrogen

per square meter, the maximum yield increase of cos lettuce was 115%.

Keywords: dried azolla, cos lettuce, chemical fertilizer substitution
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Figure 1 Azolla cultured in pond (A), drying azolla (B) and dried azolla (C)
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N33R 7 (T7) Tduvuaauiis 30 n¥usiodu 1 Alan3u

n353359 8 (T8) Tduvmuasuiis 35 niusiodu 1 Alan3u

n353359 9 (T9) Tduvmuasuiis 40 n3usiodu 1 Alan3u

Aunnulameassiianfidefivaruuindes thunmnlvuis desuasnauagniadnls
Wiy TdurmuaauisluUnamans s 2 - 9 saungruadiiuAuieioslidAud visq
aslugegngsas 5 Alan3u dendiinadaneaeny 15 Yuasgnlugeugn ernadaneaeny 45
fu tufindeyarimiinan wagiminuiswesddudiumiedu dilvieseiauulssiu
(analysis of variance) wazSeuiieuaadslnegds Duncan’s new multiple range test (DMRT)
6. nagauNTsldunuuaIwissIuAulenfuranandnvasinadanadlunUamaaag

AuflumsfiamBifefivanuinges a.dntes 2.unsTedin Weungedniey w.a. 2562
lnglddesnsuugihdmiuiniuusenulu (hsdvnsinens, 2552) mudriieseiaulude 3
fo Uelulasiau 15 Alansusials vselddueisednsn 20 nfusenisiauns nlidndudeddly
voawlauazlnuny HesanAuineanesauazlnunadonoglusziuifismenonisiaiqduls

YINVAN TUNUNITNAABILUU randomized complete block §1uau 10 NT5UID 3 @1 laun
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353357 1 (T1) Lllduvunsuia+ iilddewnd]

[

333359 2 (T2) Wldumuunais+lddogSudng 5 nsusemnauuns

[

391359 3 (13) Lllduvmuunauvie+TadegSedng 10 niusemsauns

[

333359 4 (T4) Wldumunsis+lddogSudne 15 nSusomnauns

n591359 5 (75) lallduvmumauvie+ TadegiFedng 20 niusensauns

q

1+

N553359 6 (T6) Tawnuumauwiia+ilddewmil

]

D

1+ a v

N591359 7 (T7) Tdwsuunawiis+ lddeei3aa9ms1 5 NSUADRSIHUAT

L)

+ a o

333359 8 (78) ladunuunawia+lddegisednsn 10 nFusien1snuns

a o

n55357 9 (T9) Tdumuuasuis+lddog3ednn 15 n3usiomsiams

n531389 10 (T10) Taumuuaswis+lategFesng 20 n3usenaiuns

Tumsisdsundamaaenssaisilawmuunauis vinnsldumuasuiadng 0.5 Alan3u
fonsaung widunay Ugninadanoaluiiuiiuuasgos vuin 1.5x3 was srasdgn
0.25x0.25 ing ndsndrendrasugnlundas 10 $u TalegFesngeneg amunssuisiimun
Tnsuudldsau 2 afa lilddeveamnuasinuny shnnfuiiedednadaneaiiony 45 Yu
TnofifufiiuiAes 1x1.25 wes Sufinfeyathuiinanvemandn Ainsgiauulsusu way
WisuifisuAadslngds DVMRT sauiaiiasghidisuifisunanouununiuasugianin
Shardussminsyanmandniiuduseyardunuuesie (value cost ratio: VCR) 1 VCR > 1
wansinsaitnaaeuinaustleviinnniinssuisiussudiou &1 VCR < 1 uansiingsuds
nadeuinalseleritoaninduyunssudsiiTeuiisy 61 VCR = 1 wansiinssuisvaaeudl
naUsylovlvinAudununssuIBivieudisu dsainnnsiieneiiiTeuiisudasdsening
seldffinduanmslumuunsironedtsannsléts wndr VCR mnndn 2 uanyind

AUANAIMNALATEFANENS (Sommer et al., 2013)

NAN1SNAABINAZINT
1. 99AUSENOUNILATVDILNAULAY
a ¢ I3 =~ A Py oA a
AINNITILATILIDIAUTENDUNILATVDILAULAIT LT LUNITAN®T WU TUSued
Tulasauravun 4.58 Wesidud dndiuvetaisuausnalulasiau 9.95 Usuaeanadanivun
0.64 1Uasidud USunalnunai@eusianun 5.08 1osidus USuruuaat@eusianus 2.59
Wosidudnaziusuianunili@euraua 0.39 1Wesidus (Table 1) @onAassiu Watanabe

and Ramirez (1990) 5189143131005 AUADE1IMAULAY 5 FUA 19nUA 232 Foee Tu 11

a1 a

e WU wiuwesdaedevedlulngiau 4.5 Wesidud tn A microphylla IAadegeign

'
o

4.5 \Wasidus wazanewug A. pinnata var pinnata fiRwaeifiande 2.8 wWesidus wananil
FINUILAULAIIUTINTA Tarlac way Sultan Kudarat fiA1vadevolulnsiaw 6.5 way 6.0
Wosigusnuaisu
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Table 1 Chemical composition of dried azolla

Organic carbon  Total-N /N Total-P Total-K  Total-Ca  Total-Mg
(%) (%) ratio (%) (%) (%) (%)
45.6 4.58 9.95 0.64 5.08 2.59 0.39

2. M3UanUaR8519D M TVDIUNULAILIAY

wuwaawisan1savandaslulasiaulaasge 36 nsululnsiause100 nfuves
ulnsiauitanmaudsuy 42 Ju wazildnsnisUantdesgsan 12 n¥ululnsiauda 100 niuves
Tulmsiuromunsetu melu 1 fundwy dledmsednnuduiusseninsulasiauiivanddes
penanAUsTEzIaIUY nuin Isduvunisvanuaeslulasiauveaunuiag (y) Mvanzay fo
y = -0.0031x + 0.5095x + 17.087 Wloszaznamdsuy () wWasuwladli 1 u nsvandaes
Tulnsiauvesunuuns azlanUaesoanun 17.5934 nsululasiaune 100 nfuveslulnsiau
wanun saudlosvernaivy duludnsozniclinanisuanvsesiulnsiauazaeudnnad
waravanauiiesresauruliuuiy (Fisure 24) drusnsnisuanddeglulasiauadly
SzezaIwIn wdianasegesamsuilevukulvliuy wavAeudeaiilugns 0.3 - 1.4 nfu
Tulnsiausio 100 nfuwedilpsuimanset S 14 Sundsnsuu Tnefiemuduiugseninams
UanUaselulnsiau (y) uazsyeziallumsun (x) Asaums y = 13.637x%" - (Figure 2B)

dmsunisvanudesoanotaveauruung nuin indugean 15 nfunoanadase
100 n¥uvewloaneaanun sty 35 Ju @wnsadnziauduiussenitmleans Sad
UYanUaasaanu’ (y) uwazszeziaius (x) a9auni1s y = -0.0006x% + 0.1155x + 9.863 lag
szovnamduUisuntadly 1 fu nnsuanddeseaneSavenunasasanUdoseanu
9.863 nYunleanesass 100 nuvaseanosanmun (Figure 3A) en1sUanUdesvloanesa
yosuvuuasiuliuremginssunisvasvaesduiisatululasiay fe Wutulussezusn
MniuazUanldeseaninasidnszeznamilsazaesq anausiesvernaiull msdwszed
snsn1svanUaseveanasa wull ansinsuanuaseeanetd gedn 12 nfuveaneiase
100 nduvewloanefananun Tu 1 Yundy ndusnsimslanldosneanadaazanasuay
Aeudnansilugns 0.1-0.8 n3ureaniaaste 100 ndu vewleanadavavuasiot fwus 14 Ju
nasn1Tun Tnedaunisanuduiiudseninamsvanlassweanada (y) uagszeziailunisus
() el y = 31.111x%7 (Figure 3B)

drunsUanudoslnunaidon wudn Aatugege 33 nfulnunadouse 100 n3u
Tnunadousiananniglu 1 Yundsnisva (Figure 4 A) %QLﬂuﬁmflmiﬂamUdaaQqqm 9Nty
SnsnisUanUaesinuvaidouazanatasaoutsnsilugng 0.2 - 2.2 nfulnunadeuse 100

NSUVBILNUNATIUNINUARDTU ATUA 14 TUNEIN15UN (Figure 4 B) USunainisuanyasy
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Tulasiunazrloareyaduuliullufiamadiendu Ao Aesq Uanuasslussazusn wasmsd
Slosveznaniintu luwadimsvanUsosinunaifenvanddessenilfinndusissesusnuay
JanUdosnsiinuisszezaniievesnisua vadoradesnninuwmadeudnlvyolusotunis
faraneildieviliianddesoonunldine lurnefilulnsiauuasreanaadilngjoglugd

£ I

uv3sBesessnunssesanelngqdunse (Wang et al,, 2022; Zhou et al., 2021)

™)

uaﬂﬁl’lﬂﬁg\iWU’i’lgﬂLLUU"UENﬂ’]anG]‘Ua'E]EJIUIG]?LRM“UENLL%MLMLLﬁ\iﬁ?uLLGmGi’N’i]’m
LALLAERLAEAINAISAN BT84 Ito and Watanabe (1985) wu31 islanauunuunsanadlily
aum%’aﬁwLmuu,ma]z‘damja'aaluimmugjqqmiunm 24 Fu Bsaenadesiu Usziianazidn
(2536) fidnwinsvanvaeslulnsiauvesunuunsanlufudani umuunsanUaeslulnsioy
oonulutiinarouinegdludani 1 feduanid 3 andulinanisuanUdeslulasiaus
anas ﬁgqﬁawLﬁmmﬂamwmsﬂuﬁiﬂﬁmﬁaﬁﬁLLazLmuLLmLLﬁﬂﬁmi@m%’Uﬁﬂ@ﬁ’h A0nARBINY
Asdnuaiuazamy (2558) S18euinwnuLauisiimuainsalunisdusuinlddes vild
Aanssun1sdesaaisvesqdunisiiatudinir Jailisuuvunsuanddeslulnnaulusses
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Figure 2 Nitrogen released (A) and mineralization rate (B) from dried azolla after

incubation in soil
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Figure 3 Phosphorus released (A) and mineralization rate (B) from dried azolla after

incubation in soil
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Figure 4 Potassium released (A) and mineralization rate (B) from dried azolla after
incubation in soil
3. naveLWILLAITIRTMTnanuazutwesinadanedlulsaSou
nsldunuumaussnssneg faus 15 - 35 nfusieonu 1 Alansy vildfnadnaeaiinig
Wiyduladstuannslildwusasuidaiunsiiaua Tneftwiinanuasiminui

Y1319 49.44 - 119.15 Ay 4.31 - 8.72 NSUADAU ANUAIAU WAZWUIINTT LT AULAILIAIN

8n31 35 nfudedu 1 Alansu ilvidudnadnaeaiivdnanuasdminuisasaneseiitded Aty

'
v [y = a

nadf AnadnpealiuvinanuasiMinuiainduainnssuisniuny 736 wag 286 LWasidud

= o

audsu Tumanduiu winldunuunaiiniuiesns 40 nfuseny 1 Alansu wuii dnadane
alinsasiulnanas (Table 2, Figure 5) wiieannnslaumunsslusnadnandaa
yhlautfvnameneesiuldmnzansonisaiydulavesinadnaoa Audinsduiiliun
Al aenndosiu Aanual wazAne (2558) 5189097 WALLAWASSIAINLALILLLTIN 0.19
n¥usegnuiAdiufiuns vhlvannsaduiildun minldwuunwsiddulsunamnagiili
anmaulgnuaziuly

Table 2 Effects of azolla application on fresh weight of cos lettuce at 45 days after sowing

Azolla application  Fresh weight % fwt. increase as Dry weight % dwt. increase as
rate (fwt.) (g/plant)  compared to T1 (dwt.) (¢/plant) ~ compared to T1

T1: Control 14.25 d - 226d -

T2: 5 g/kg soil 18.14d 27 2.68d 19

T3: 10 g/kg soil 28.26 d 98 293d 30

Td: 15 g/kg soil 55.26 ¢ 288 455 cd 101

T5: 20 g/kg soil 49.44 c 246 431 cd 91

T6: 25 g/kg soil 61.53 ¢ 331 5.74 bc 154

T7: 30 g/kg soil 89.97 b 531 7.50 ab 232

T8: 35 g/kg soil 119.15 a 736 8.72 a 286

T9: 40 g/kg soil 107.07 ab 651 7.18 ab 218

Average 60.34 5.10

CV.(%) 10.26 15.60

Means in a same column followed by different letters are significantly different at p < 0.05 by DMRT
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Figure 5 Effects of dried azolla application on growth of cos lettuce at 45 days after sowing

4. wanagaun1sidunuuauissiuiulenisiudenandnvainadnnasluulamaass
nansUgninadaneaiilelfumuunsuisogiafien snsn 0.5 Alanfusemsnamns 15
wanAndnadnaeageninsliveyiFesnsn 20 nfusensauns dadudnsuuziiniuen
Ansznnusgiiduddgynisana laglinendn 2,603 Alansunsls wislvnandnuinninnisld
Joieiflusnsuuzih 69 wWesidud oraidlesnuruasilulpsaudussduszneugs waziis
pwnsiveiindug Asndudenisiasyivln waslidndruvesnsuouselulasiauiiuay (9.95)
yinliaunsavanddessinormsliuiinadnnoadaufivongduldiufuaudeanis

<

uannfurunasdsiiasaarsgesluuiensndurenisiasaydulnvesiv wu IAA, lalalatiy
wazduluelsaau (El-Araby et al,, 2010; ASdnwad, 2558) wagnsmerdluivininimiuans
duasunsiasgiavlnvesiiy JeviliieddnaninlunisiasyAulnrsetmuinnTuiadiusin
wagduwmileRy Lara1N1IanAsINEIMISANNAY (B9gNE, 2557)

o :’I v [ =S 1 +, a v o v

Aatil urnkasisanunsaldiunmraesIne I snawudenil snsuwugtila 100

s & & = ° Y a A o a a [V v a y)

Wosigus eanunsathlulgnaniiannszuudunidls Wesnunuuaiuis 1 Alansu @i
Yanuaselulasiauliialaldussloviuseana 16 nsu Tuszezusn windsanunsavanlaos
Tulssuesnunlides 9 vty Wusseznaeniuiy fadivSinanivandaesazliuininig

(Figure 2) uanaInffadisinormisndnuazsinevisses Mludselevidduiiy soudaiiy

'
a4

Jegsey 20 nsu Jlulasau 9.4 N5 Wi9we1ReY WanaNd wialy

9 Y

duvsyingunau Tuvae
WULAILIT IR UlEgisedns1 5 10 15 uay 20 NTUABn1519UAT WUIMNNTIHIsYilinandn
finadareaifingatuunndanmslideniifioeganfsmndnsognaddeddynisadn tng
TuanBaYinfU 2,686 2,765 3,304 way 3,264 Alanfusels mudsu vielwuanaafinguain
nslllogi3edng 20 n¥usons1auns W@de 75 80 115 uay 112 wedidud muddy ey
nsldunuunawissauiudaniidannsdmsuii luldndaisinauannsgunisuaniy GAP
(Table 3)

1INNITIATIEVRANDUBNUNINATEFNIINATLE ruasuislunsHandnadnaoa
wuin §iA1 VCR agjszming 68.88-87.62 Weifisuiunssuisnisldteiaiisnsuuzii ($nsn 20

a

nIufaMTULAS) vinefeanTsuIsnlduruung (NT5UIE7 6-9) HUsEANSAMNITAMUGINIINTT

+ a v

lddeiniidnsiuzinegrannn nslduuuauivegianes 1Al VCR geandinislddeeisedns

Y 9 Y
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+

wugt 81.14 wh uaznsldunuunawissiuduleyse 15 nfusdonsaunsival VCR geian

9 Y Y

87.62 uand31Us¥AnEAMYeIn1slEiuamuaan (Table 3) FanUdn Wnuwaawie 0.5 Alansy

q
§ < (3

somsang Winandnganiinsladeweiisnsuugiie 69 wWesidud Wetuninsed VCR
Jeltndige mnzaulunsizaldmaunudondld uuuasdsifnoamlunsi Ul dy
Hadnsndniitielunsanasunsasadulnvesfivdnsuusenilu Tneinvnsnsanunsondn
winkaglaannsldmalulagn1snanunuuwnansudzinisinens kaga1unsntinusan
MATRIGIRL Frsaeliinumsnsannsafiulssansnmnissdafieinsuusemuluuae
Fuaugauanysniveshu ilfaunsnannisldleniild uonandumuunauiedanusald
Juundssmemnamaunudeisiliuiinunsnsiuanindunis vielisamdutloiaiiiientsuan

AnAuIRsgIUNISNaniY GAP la

Table 3 Effect of different treatments on fresh weight increase as compare to T5 of cos

lettuce and value cost ratio (VCR) of urea and azolla application

Fresh Value
Yield increase Cost (Baht)
Treatment weight increase VCR

(kg/rai) (%)  (ke/rai)  (Baht) Urea Azolla  Total

T1: Control 659 ¢ -57 -879

T2: 5 ¢ Urea/m? 909 ¢ -41 629

T3:10 ¢ Urea/m? 1,099 c -29 -439

Ta: 15 g Urea/m? 1,355¢  -11 -183

T5: 20 g Urea/m? 1,538 bc - - - 750.0 - 750.0 -
T6: Az 2,603ab 69 1,065 85,200 - 1,050  1,050.0 81.14

T7: Az+5 g Urea/m’ 2,686 a 75 1,148 91,840 187.5 1,050 1,2375 7421
T8: Az+10 g Urea/m’ 2,765 a 80 1,227 98,160  375.0 1,050 1,425.0 68.88
T9: Az+15 g Urea/m? 3,304 a 115 1,766 141,280 5625 1,050 1,6125 87.62
T10:Az+20 g Urea/m’ 3,264 a 112 1,726 138,080 750.0 1,050 1,800.0 76.71

Average 2,018
CV.(%) 18.24

Means in a same column followed by different letters are significantly different at p < 0.05 by DMRT
Note*: Chemical fertilizer recommendation rate of 15-0-0 kgN-P,0s-K,O/rai
Urea’s price = 24,100 Baht/ton, Cos lettuce’s price = 80 Baht/kg, Dried azolla’s price = 1.31 Baht/Kg
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ABSTRACT

The pineapple processing industry are making value added product and bringing
income into the country. Pattavia variety pineapple has been grown as a raw material
for processing a long time. Therefore, the genetic variation is causing low yield.
Phetchaburi Agricultural Research and Development Center developed Phetchaburi 2
cultivar pineapple which is suitable for processing into canned pineapple. Phetchaburi 2
cultivar pineapple was certified by Department of Agriculture on August 30, 2019.
Phetchaburi 2 cultivar pineapple breeding began operations in 1990, receiving 4 clones
of smooth cayenne pineapple from Australia: Clone 8, 10, 13 and 30. Experimental
planting at the Phetchaburi Horticultural Experiment Station found that the
characteristics of Clone 10 are shaped cylinders, shallow eyes, and small cores. These
characteristics are suitable for pineapple processing. In 1994, tissue culture techniques
used pineapples propagation. During 1997-2000, environment adaptation and selection
of mass selection studied. From 2001-2004, comparisons of Clone 10, Pattavia and Nang
Lae varieties showed that Clone 10 have characteristics of canned pineapple more than
Pattavia variety. During 2011-2019, Regional trial tested 2 locations at Phetchaburi
Agricultural Research and Development Center and Rayong Agricultural Research and
Development Center. The results show the average vyield is 9.04-9.53 tons/rai, not
significant difference from the Pattavia variety that average yield is 9.61-9.72 tons/rai.
The core diameter is 2.17-2.87 cm. smaller than the Pattavia variety (2.56-3.31 cm.).

Clone 10 is smaller than the Pattavia variety about 17%, but it is suitable for processing.

Key words: pineapple, breeding, Phetchaburi 2 cultivar, processed products, canned

pineapple
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]

Table 1 The yield components and fruit qualities of pineapple clones at Phetchaburi

Technical and Production Resources Service Center in 2004

Clones Fruit Core Eye
Sweetness Acidity

and Weight Diameter Length  diameter depth
(°Brix) (%)

Cultivar (kg) (cm) (cm) (cm) (cm)
Clone 10 1.45 12.6 16.5 2.18 a 0.66 a 158 b 0.45
Nang Lae 1.41 13.1 14.7 283 b 0.77 ab 17.1a 0.44
Pattavia 1.43 12.8 16.0 272 b 0.80 b 14.9 c 0.41
C.V. (%) 7.1 2.1 6.9 3.3 8.3 2.0 8.1

Mean followed by the same letter with in a column are not significantly different by LSD.
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Table 2 Vegetative growth of pineapple the induction of flower prior during 2016-2017

Phetchaburi Agricultural Research and Development Center

Rayong Agricultural Research and Development Center

Ctoneé Plant height ~ Plant width  D-leaf width ~ D-leaf length  Plant height ~ Plant width ~ D-leaf width  D-leaf length

and cultvar (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)
4/9C3 38.6 C 549 c 25d 36.5 ¢ 68.4 a 93.8 4.6 60.3 a
8/6C4 61.3b 76.1 b 4.6 bc 57.1b 67.5a 91.1 5.1 58.3 ab
13/17C2 629 b 78.1b 4.2 c 56.7 b 59.0b 86.9 5.6 52.8 b
Clonel0 68.5 b 76.7 b 48b 60.5 b 738 a 95.7 5.4 62.7 a
Pattavia 101.0 a 99.0 a 55a 73.2 a 68.9 a 92.8 5.1 60.3 a
C.V. (%) 7.6 8.3 7.4 8.6 7.4 5.5 12.2 6.5

Mean followed by the same letter with in a column are not significantly different (P < 0.05) by DMRT.

Table 3 The yield components and fruit qualities of pineapple clones in a field trial at Phetchaburi Agricultural Research and Development Center in 2017

Clones and Yield Fruit Canning Length  Core diameter Eye depth Sweetness  Acidity
Cultivar ~ (ton/rai) Weight (kg) Diameter (cm)  Length (cm)  Ratio Ratio (cm) (cm) (°Brix) (%)
4/9C3 6.43 ab 0.79 ab 11.3 ab 114 c 0.99 1.00 ¢ 201 a 0.74 b 18.4 a 046 b
8/6Ca 9.39 a 1.15a 12.1 a 14.0 a 0.94 1.15b 268 b 0.77 b 143 b 052 b
13/17C2 557b 0.68b 10.5b 11.7 bc 0.90 1.11b 2.04 a 0.65 a 139b 0.32c
Clonel0 9.04 a 1.11 a 12.1 a 153 a 0.93 1.27 a 217 a 0.81b 139b 0.50 b
Pattavia 9.61 a 1.20 a 120 a 149 a 0.88 1.20 ab 256 b 0.77 b 146 b 0.66 a
C.V. (%) 258 25.8 5.8 11.0 5.7 6.2 8.4 7.6 10.3 13.8

Mean followed by the same letter with in a column are not significantly different (P < 0.05) by DMRT.
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Table 4 The yield components and fruit qualities of pineapple clones in a field trial at Rayong Agricultural Research and Development Center in 2017

Clones and  Yield Fruit Canning Length  Core diameter  Eye depth  Sweetness Acidity
Cultivar  (ton/rai) Weight (kg) Diameter (cm) Length (cm)  Ratio Ratio (cm) (cm) (°Brix) (%)
4/9C3 8.84 1.08 12.5 12.9 1.00 1.03 bc 313 b 0.62 b 14.1b 0.65b
8/6C4 7.12 0.87 12.0 11.6 1.01 0.97 c 2.48 a 0.55 a 13.1b 0.58 b
13/17C2 8.53 1.05 11.7 13.0 1.01 1.10 ab 3.19b 0.71c 138 b 0.74 ab
Clone10 9.53 1.17 12.2 13.8 0.99 1.13 a 2.87 ab 0.73 ¢ 17.9 a 0.83 a
Pattavia 9.72 1.19 125 13.8 0.99 1.11 ab 331b 0.73 ¢ 13.1b 0.70 ab

C.V. (%) 13.1 13.1 3.5 7.6 2.0 5.5 9.6 5.2 9.7 13.5

Mean followed by the same letter with in a column are not significantly different (P < 0.05) by DMRT.

Table 5 The core diameter (measured at the top and bottom cut) of Clone 10 and Pattavia variety by Dole Thailand Company Limited

Top cut (cm) Bottom cut (cm)
Fruit
differences differences

sizel Clone 10 Pattavia Clone 10 Pattavia
(%) (%)
2 2.10 2.40 12.5 2.20 2.40 8.3
2 2.40 2.60 7.7 2.10 2.70 22.2
2 Y 2.50 2.60 3.8 2.30 2.70 14.8
Average 2.33 2.53 8.0 2.20 2.60 15.1

Ystandard fruit sizes at Dole Thailand factory
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Table 6 The comparison of canning quality between Clone 10 and Pattavia variety by Dole

Thailand Company Limited

Fruit Fruit weight (kg) Pulp weight (kg) Ratio of pulp to fruit weight
size¥  Clone 10 Pattavia Clone 10 Pattavia Clone 10 Pattavia
2 6.8 8.7 23 1.8 0.34 0.21

2 Y 7.3 5.9 1.8 1.1 0.25 0.19
2% 5.0 3.6 1.4 1.0 0.28 0.28
Average 0.29 0.23

Y standard fruit sizes at Dole Thailand factory

Table 7 Demand of pineapple suckers Phetchaburi 2 cultivar for factory pineapple growers

Groups/Cooperatives/Associations

Number (suckers)

Phetchaburi Provincial Agricultural Extension Office

(Large Scale Pineapple Production)

Prachuap Khiri Khan Provincial Agricultural Extension Office

(Large Scale Pineapple Production)

Nakhonphanom Provincial Agricultural Extension Office

Samroiyod Pineapple Growers CO.OP. LTD.

Samroiyod Fairtrade Pineapple Growers Group

Thai Pineapple Growers Association (Prachuap Khiri Khan Province)

Thai Pineapple Growers Association (Lampang Province)

1,314,000

100,000

70,000
297,000
90,000
720,000
252,000

Total

2,843,000
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1990 Clones 8, 10, 13 and 30 received from

Australia

v

1991 Evaluation of phenotypes Petchaburi Horticultural Experiment
Station

1994 Tissue culture of Clone 10

Phetchaburi Technical and
1997 - 2000 Mass Selection Production Resources Service
Center

v

Phetchaburi Technical and
Clonal comparison

2001 - 2004 (1 clone + 2 varieties)

Production Resources Service

Center

v

Phetchaburi Agricultural Research
Field trial

and Development Center
2011 - 2019 (4 clones + 1 variety)
Rayong Agricultural Research and
Development Center

v

2019 Propose for consideration as a new varietal recommendation

Figure 1 Flowchart of Breeding Phetchaburi 2 cultivar pineapple
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Figure 2 Characteristics of leaves (a), plant (b), fruits (c) and pulp (d) of Phetchaburi 2 cultivar
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Hybrid Oil Palm Variety “Surat Thani 9”

(% L3 s

GOIEY wavade! es¥ wARS? 1n3ndl sufnd’ giua nafin'  yuwa Ut
feflon Soiust 1igAs dr3ane! Houdes ivsga! I meIed qudnt 230 Aviwad!
Jueld pouninddu'  gIted fInat Agm grSensual
Sujittra Promchuea® Ornrat Wongsri? Krerkchai Thanarak® Suvimol Kolasuek!
Chumpol Chawana'!  Yingniyom Riyapan' Pensiri Jumradshine! Tuenjit Petchrrun® Jirapan

Sukchit® Worakom sitthiphong! Vichanee Ormzubsin® Surakitti Srikul* Sarute Sudhi-Aromna?

unAnge
nsUFulsiugUAuduvensivinsineas i mungaennseafuensansn1s
Ufsutanidunaviiuiduiassuy andumsleglddisnisAndeniasaduiuulssend o
= = i ) o o = o ' !
n1siSeuiigugrnaududunsuidifglunis@nwaiiuaiuisalunissiudivesneauy
(combining ability) fiingUszasAiitoAndendnaunvinandanzaeanuaskandntiiuUduay

fa o

g9 nn1sUgnueaeudiwan 5 guan tngliudanugisnd 3 WuiugiSeudieu o gudide

>Na,

Undanisiugsnug$ontl senined we. 2544-2560 nan1snaaasnudl Ududugnuaniuga
s

51943571 9 TeANAN 303 IINNTHANTINTENIMINUT 68/374D NGULATATT WoWUT

ol

125/154T nguueusea guen 303 linandnvzatvaniade (o1y 3-10 U) 3,773 Alanfudelined

A

3o 165.5 Alansuredusied gininiudgsugisnil 3 wiriu 31.4 Wesdud fdwaunzaiy

1% '
! o CY a

WAY 13.5 NEangsanusal Ununnzanewmas 12.8 Nlansumenyaiy wWasnusndnnana nyan

D

H =

sona walumena wariidunenyany 86.0 7.5 6.6 way 25.5 Wasiaun A1ua1au U1auungu

1 Yo [} [~ LY 4 o a =~ v ¢ I3 a a|

Anay 303 lasunssuseaduiusuusihannsdvnisinenstudeiugasugssid 9 Tul wa.

2561 fdmsthlUlduselovuaaust wa. 2561 bl w.a. 2565 naniugivelduselogiiiuim

430,234 WAAIBN/AUNAT YaA19INN15TmMIeAUNal 17 a1uum Anduiiuiugn 14,341 15

yamanHandnUdudiundistu 13,696 fu Geway 33.9) Wuselalidiununing 55 dmum
CY I3 [y I3

A o & fa o ¢ 9 aa a ¢ = | VoA v &
fnaU Vlﬂu@umﬁ]EJUWanuWJJUEjﬂ‘HQiS’ImJLLNuﬂ’liNaﬁlWUﬁﬂi’]‘HQiﬁﬁu 9 9YFBLUBDY AIUU

39

! guéiiounduthiugaug ot sunemaauiug Smingsugio 84160
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HaansvoeuITeUTul TIRugUAunTudne IAnUselovidon11un1IntEIN19391n13
Wusglduazandununmsnaniiiunensns wazannmsidwdanugainsisusene

Avian @ Unduuiy Yiudgeiug wedses

ABSTRACT

The goal of oil palm breeding program of Department of Agriculture corresponds
to the oil palm and palm oil reform strategy The oil palm breeding program was carried
out by using modified reciprocal recurrent selection. The progeny test is an important
step in studying the combining ability of the parents. The objective of this study was to
select an oil palm variety producing high fresh fruit bunch and oil yield. Five progeny
crosses were grown using Surat Thani 3 as standard cross at the Suratthani Oil Palm
Research Center in 2001-2017. The results showed that Surat Thani 9 hybrid or cross 17
derived from maternal 68/374D of Deli Dura crossed with the parental 125/154T of
AVROS provided fresh fruit bunch (3-10 years old) 3,773 kg/rai/year or 165.5 kg/palm/year
which was higher than Surat Thani 3 by 31.4%. Bunch number was 13.5 bunch/palm.
The Bunch weight was 12.8 kg/bunch. Fresh mesocarp/fruit, shell/fruit, kernel/fruit and
oil/bunch were 86.0 7.5 6.6 and 25.5%, respectively. The cross 303 has been determined
as recommended variety of Department of Agriculture named Surat Thani 9 in 2018. The
Utilization as germinated seeds or seedling, from 2018-2022, was 430,234 seedling/
germinated seeds related to 55 million baht of income and 14,341 rai of plantation area,
which resulted in an increase of yield by 13,696 ton (33.9%) and an increase of income
of farmers by 55 million baht/year. Surat Thani 9 has been continuously produced.
Overall, the outcome of oil palm breeding research benefits the academic progress,
increase income and reduce production cost of farmer, and reduce imported seeds.

Key words : oil palm, breeding, AVROS
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Year

2001

2002-2003

2004-2005

2005

2006-2007

2008-2015

2016-2017

2018

Dura population and Tenera/pisifera population selection

Dura population line 68
(DAM564: 693D self)
line 68/374D (Deli Dura)

Tenera/Pisifera population line 125
(DAM588: 368T x HC129: 1009P)
line 125/154T (AVROS)

4

Progeny test /Dura and pisifera parental palms preparation

68/374D (Dura mother palm) X 125/154T (Tenera male parent)

Dura self and tenera self to produce dura and pisifera parental palms

4

- Germinated seeds/hybrid seedlings/ female and male

parent seedlings

4

- Planting the D x T hybrids (5 hybrids) (Standard cross; Suratthani 3 hybrid)
- Planting the mother palms from dura self and male parental palms

from tenera self (2004-2006)

4

Agronomic traits recordation

4

Agronomic traits evaluation

Yield/yield components/bunch components

4

Results analysis/elite hybrid selection/ Individual selection of

dura mother palms and pisifera male parental palms

4

Recommended Hybrid Oil Palm Variety
“Surat Thani 9”

Location
Suratthani Oil
Palm Research

Center

Suratthani Oil
Palm Research

Center

Suratthani Oil Palm

Research Center

Suratthani Oil Palm

Research Center

Suratthani Oil Palm

Research Center

Suratthani Oil Palm

Research Center

Suratthani Oil Palm

Research Center

Department of

Agriculture

Figure 1 Oil palm breeding program : Surat Thani 9 varietal

1. MIfnEanNuSLATNaNUS

AnLAaNa1EUTWIINUTEYINTAT (Dura population) kagangiugneaainusyyns

W51/ NdLWe91 (Tenera/Pisifera population) NANTUININRANNITAALADNIINUTZVINTVOS

wiaganeug antuAndonsuiugneaLazauiugel aunidadenladanvasfinukasdnuas

Usgdniuglutenans Thailand Oil Palm Breeding Program (Escobar and Blaak, 1990) way
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141/235T 140/102T 122/1446T 132/1415T 133/1433T 129/1426T 101/49T 136/71T 138/391T
112/27T 117/88T 105/65T Uy 114/197T wteidumsiviusuasienusTumsuiuugsiuglusoud 2
2. Msa¥1egan Ugnnageauiugn uaziiuUszvinshumiazvievasguay
nsadisguan AmuaguandiusznItusgiunemiuesuiieatiagua (DxT)

[y

andunislegliudgsudaraneiuddudiunemiuesiegatey 3 angiug wazniuesuias

Y 9

o [y 1 1

aeiugiuaiugTeg1etios 3 atefiug ludnuashuugy laanaudIuIu 69 aAnay inINay
\nasiitendnudniuguosguan uaznansloauwiusuasieus felfiusevnsduusinaz
vevosAnan nburdnudnsonuariundt quainudundlusUamenseitalfidusund
w3auUgn (87g 8-12 Liou) ‘U@JﬂamﬂaamuLqumimaaq‘ﬁ'aNﬁ Inauvaguaudu 6 nquign
TuUasmaaau BRD 031 041 043 044 051 Way 062 ANEINU

2.1 mnSeuiiguarsIvsanagauuan (progeny test, D x T) mwmaav@maumajuﬁ 5
(BRD 051) 1M9UHUNTVAGBILU randomized complete block design (RCBD) Usenaunae 6 NS3uis
1Fun A 5 guan uasiusiUSoudeu 1 Wus foil duan 303 (Deli x AVROS) glnets 307 (Deli-
Composite x AVROS) @J'wau 309 (Deli-Composite x La Me-AVROS) fgjwau 313 (Deli-Composite x
AVROS) el S (Kazamba x La Me) uagiugilSeumieugsmegionil 3 (ST3) Ugnvadeuusias
NI 4 619 aw 16 fu deutases fudiunis a guiitetndiniiugegis

2.2 nstinsuuUsEvINsuws-WaNuguegran vhnsuausilosesiuNeiug

s ! < v = Y v

WLueT Az UL uEAT 1 veuAazAray uTufindeyawavdmdondusioduniunae

Y

W19551uNsUsELTuaIeNUTuasAURUTA (family selection and individual selection)

]

sfiunslugudidounduisiugsugond szezinanednatios 5 9 Tasdudunislurisam
WAerfummaaeugnay Tnsugn@nwiuszannsudiiuguaseiusinansiios wiiiuginas
184 (D-self) 1uau 15 Awax Ugnluudas BRD 033 diuneiudnausiies (T-self) 317w 16
aneiug wuadu 3 ngu Uanluwuas BRD 034 BRD 045 uay BRD 061

3. NsUTEIEUANYAENINITNEAT ANduns o AudiTeUraudndugsug sl

3.1 masgiule Weengurduundiu 2 U Wuduld duiinnsiasaiiulacingg Uay

<

AT MUIBN13V84 Corley and Breure (1988) lngvinnnsinnisiasayiauls luusaganas 31u7u

16 AusawUasEay fall
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- fudilu Budadleunduindueny 2 U tagldnidlud 1 1 duduny (meluil 1

vaneds mslulni Alugesaduaaiafud) Faninuniuazauenivedtugesdnuiu 3 ¢
lagldlunigningadsegUszuiuninaiseanialu Auiuatady wazanaiedtuulugey
VMR WAEANAIEA correction factor 0.55 aesnuUasan Corley and Tinker (2003)
- AueInely Suinideeny 2 U lagldnidlui 1 daaingansuiilugesnlau
wnuUNlu (lowest rudimentary leaflets) fsuanegavasununislu (tip of rachis)
- NunnthanwAune BSudalenty 2 ¥ 3nAnunine wagAuENvesi LAY
o oA A I =
Menseuvts NSuilugesvedauununsvaamnislun 1
- g Janseusnllents 6 U lagldnislud 41 Wuansemdugiuaiausn
LY dy a = o 1 d‘ ISP (Y dy a a =< o 1
Tamugeaniiufudiwurimislun 41 waglulnald Taaugeainiiudu (Hiv) Sadiuns
nelud 41 (L)
- Fumaluiiy esewanenmdlun 1 Tulusn dudnnundundsavluisasseut
3.2 nandnnzatganLazaInUIznauNandn nufmzateUrauniy Wevzanegn
wiweR AuaseuMSNUNEmN 15 1w naennsUeewiedier Yufindeyasi 8 U
- nandavzagansosy Wuneaztavilnvzats Tuiufiuines (@ 16
furoulasgen) meAnadesenu wazmwalunandanzaigansols
- Punuvzatgsedy Tudwiunzaeusazasiiuiig) (31w 16 dusoulal
go8) wavAunsdudiuiumgalssony
¢ Lo ¢ 8w ' | IR A
3.3 asAUsEnaunzany duiedmzaneunautdiuanusiaara/aeiug Wungaiei
auysalUnd lifiuuasiSelsavitane Auay 3-4 neawsel viseudazUastaedmau 10-15 vgang
owastoesol Iunedlonzaisan @unnaniinas 1-10 wa) HusmnzansUduuiungy
fegad1esUiRnis FeiuneunisnieudiegiwiliunuiSnsues Ooi (1978) lnsAadu
Wosigudlaeumin uazadauidufulagds Soxtec Fatoyansdusznounzanafdnu
Usgnausie Mumgaty nsiara (%) Untinuawds (ny) Wasnuenansiena (%) nvairana (%)

Wolusiana (%) wazunsiusanzans (%)

NANTINARBILALITA]
1. M3UsBUSNEULNINITNEAT
1.1 M51R3gYAule

(% s

TugUrdndugnrangs1ug sl 9 wsearay 303 (Deli x AVROS) laainnisway

9

3

Jewinauaiiug 68/374D ngundgsn (Deli Dura) fueug 125/154T nauuayusea (AVROS)
Han15UsELTiUNsRSYRulnvesas ey sl 9 Nieny 10 U fdwrunislu 38.6 mdlusdeduse

U Fslaiwansinsiuiugissuiioy danugnimelu wunly wasiuividaununisnnniiuay
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[y

wAnsnaeEdRfunANaLLaziugUSsuiey TnelAnady 643.3 wudluns 13.1 91519493
WAz 47.7 ANSIIURAIATINNEIAU dmTunuganudn 831903578 9 danugeiulndifisiu

TugiUSeuiey 191910 TllAaugs 330.0 lwufwns (Table 1)

Table 1 Growth and its components of oil palm crosses and their standard crosses

recorded in 2015 at Suratthani Oil Palm Research Center.

Frond Frond Leaf  Petiole cross
Cross Height
Type production length area section
/variety (cm)
(frond/palm/year)  (cm) (m?) (cm?)
303 (ST9) Deli x AVROS 38.6 a 643.3 a 13.1 a 43.7 a 330.0 a
307 Deli-Composite x AVROS 39.1a 6033 b 115b 38.6 bc  309.0 a
309 Deli-Composite x La Me-AVROS 39.3 a 545.4d 10.7 c 36.4cd 267.1Db
313 Deli-Composite x AVROS 38.7 a 526.6 d 9.3d 28.7 e 2273 ¢
S Kazamba x La Me 34.6 b 5863 bc 104 c 34.2d 2813 b
ST3 Deli x DAMI 40.0 a 571.2 c 10.2 c 399 b 330.2 a
CV. (%) 3.2 2.8 4.4 5.6 4.9

Note: Means within the same column with the same letter are not significantly different at p= 0.05 from Duncan's Multiple Range test DMRT).
Source: Modified from Wongsri et al. (2016)
1.2 HANAANZANYEALAZRIAUTZNIUNANAR
nswiguiguaranUudduNefniuganuay wuldl gray 303 ¥3easiugssil 9
Tinandnnzawanade (ene 3-10 U) 165.5 Alansusiedusiel vise 3,773 Alaniusiolseal g
' v ¢ a s = 9 v a q' a Y |
NNANFNLAZEINITNUGLUTBUNBUE 31190 357U 3 Felinananzansanaty 2,872 Alanduselise
U Al 31.4 Wesldud (Table 2 uag Figure 2) uazdliinananveaIeanaIniunminIngg Iy
YDINIAAGRBNGNHAUNILDTIVBINTUIYINTINYAT (3.4 Ausialidal) (Kushairi and Rajanaidu,
2000; Ooi, 1986) Ingluriseny 3-10 U euau 303 w3eas1ug5571 9 Winandanzaigan 32.9
134.5 140.0 157.8 234.0 320.5 191.9 waz 112.1 Alansusiarunal 3o 0.8 3.1 3.2 3.6 5.3 7.3
0.4 uay 2.6 funelsned sy (Table 3) waglutrsiduundmihduas advladun (6-10 U
Winandnady 3,773 Alansuselssied) uenanllgsugistil 9 Galvinandngenimnanauuas
WugIsuiisunUegeainiaue (03391 agany, 2559) Lansdiinnnuaunsalunsusudiilan
Roan nkIngeNNuUTUTIU WesnUgnvedeulagendeuidy UNTHTwas1IuINIINNTT 3
= = [ PN 1 J a 3 no’ % c’l’ 3 a 14 1 o
weu Feduannildmiungaunanisndnunduuidu uenantl ssrusenaUNanan Laka 1Y
nragsefukasmMNEag YRty s 9 aandtiugitsuieustwaliaue Ineddiuau
o LY A v ¢ = s =~ 8 Yo
nraelade 13.5 nearudenusiel geniiugiSeuiisugnuaasnugiond 3 Fedrinuungany
WAy 11.0 nganeranunel (Table 2 uay 3) S1unganswaenuanatsiuluuaazd Wunis

MOUALDIVBIT LTSN NLING DY TuyaeT W.A.2555-2558 Unauundiuwisifsseiuuinnii 4
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Wouvanatas (Table 3) Fsdswarenandnrduihifilunntisemsiandusmeenimzans
msnsenunddlur i vunmanendwalidononinadeanas 86 wWesidud wansevuiionunde
JIUNTAIEaNasNINNIT 91 Wesidus wasnandnanas 88.46 Wosidun (Gawankar et al,,
2003) uaﬂmﬂﬁjﬁuﬂumamﬂmqsuaamémﬁ']ﬁu LiaﬂwémﬁﬂﬁumqLﬁuﬁuasﬁﬁwuauwzawaﬁaaaq
uivupnzaneiiivinaniu dmsuimiionzans wui gaugisd o Whindamzaneads
12.8 Alansusienzane (Table 2 waz 3)

Table 2 Fresh fruit bunch and yield components of oil palm crosses and their standard

cross recorded in 2008-2015 at Suratthani Oil Palm Research Center.

Bunch Fresh fruit Average Fresh fruit
Cross
Type number bunch bunch weight bunch
/variety
(no. palm/year) (kg/palm/year)  (kg/bunch)  (kg/rai/year)
303 (ST9) Deli x AVROS 13.5b 165.5 a 12.8 ab 3,773 a
307 Deli-Composite x AVROS 11.0 b 129.9 bc 12.6 ab 2,961 bc
309 Deli-Composite x La Me-AVROS 8.6 C 107.9 c 135 a 2,460 c
313 Deli-Composite x AVROS 9.6 c 95.4 c 98 c 2,176 c
S Kazamba x La Me 17.4 a 155.7 a 10.0 c 3,551 a
ST3 Deli x DAMI 11.6 c 126.0 b 115b 2,872 b
CV. (%) 8.6 9.3 5.4 9.3

Note: Means within the same column with the same letter are not significantly different at p= 0.05 from Duncan's Multiple Range test DMRT).

Source: Modified from Wongsri et al. (2016)

gInTuazane (2564) lavinsAnwinavesgumgiuasUSunaniudenandnuidy
961 LY v 6 s ) v Y s = J 1 Ay I3 go’ o
ndiugnuaniugasugssnd 7 8 way 9 lufwdagsug sl wudn ludisiduurauindiu
WIAULAANT (218 6-16 ) Wugasugiondl 9 linandslndifesiuiiugaseg sl 7 lagli
HaKAavzanganlady 4,593 uay 4,617 Alansusialsralamudiu aandiiuggsiugssidl 8 7
linandanvatvaniade 4,241 Alansuselidel Milinandnurauunduis 3 Wug Juwildy
anaIRAIAT A, 2557-2564 (@1811nN31 10 U) 1esanlasuransenuananisiialas lng
USunaulu n13nseanefvesly wavanududuinsiaieseUiwuilduanadsaust w.e. 2555
wagluseuliitrusounurauinduvindiudu (A IWR dA1geuazviniineies 3-6 iiau)
Javhlirduundiung 3 Wudlianunsouansdnaninnislinands lidun nandaveateaniade
lundaziiou (AwinaInALRfgNaranTIEwauazauuINnd1 10 U) wudr mslinandnves
Undniiuusdaziugiianuuwanseiu Tugrsutivieuunsiaufmgeaianunuin as1egisnil 9
IANANENAINIEI1 5571 7 wae 8 INUUKAKEASHanaazuTWNASTlusUa1eTisiou

a Y N = ¢ 8w & v & oA v a |

neAINIeukazsuIAL Weiarsuluseuluraudndunts 3 ug SYelvinandnas 2 97
Prusnipuwsuaudugnraus 3 Wuglvinandangaieanauane 511.4 405.5 uag

556.5 Alansusalsnaounudiu Tugrnaesiugasnugsonll 7 wae 8 lunandngsluiiou
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(B A LY

Awnautaziueney dnandnneansdniade 481.7 waz 455.8 AlansuaslsfaLiau audnu

luraueNiuggsug s 9 dnandngeludislareUineungainguiinandnnzavaniaie

=) C

481.7 AlanSuselsretiou (Figure 3) Jusiulaindedinisdnnisarulraniduinauay

s

anmwingeuminzauivsauliissnedmsumsasydvlanazn1siinandn Wugasugs

EN

= o 1y a v A = = o s«
57U 9 a']ll']iflLLa@\TﬂﬂEJﬂ']Wﬂ']{LWNaNaWVL@@LN@LﬂiEJUW]EJ‘UﬂUE‘jTTU{]ﬁﬁWU 7y 8

Table 3 Annual fresh fruit bunch yield, bunch number, average bunch weight of cross 303
and its standard cross (ST3) monthly rainfall and irrigation water requirement (IWR)

at Suratthani Oil Palm Research Center.

year

Cross/ 2008 2009 2010 2011 2012 2013 2014 2015
variety (3year) (dyear) (5year) (6year) (7year) (8year) (9year) (10year) Average

rainfall and irrigation water requiredment (IWR)
Rainfall 2,639 1,202 2,318 3,369 1,695 998 1,053 1,584
IWR 289.9 402.9 429.2 155.8 460.6 385.6 526.7 415.1

Fresh fruit bunch (kg/palm/year)

303 329 a 1345a 1400a 1578a 2340a 3205a 1919a 1121a 1655a
ST3 210b 1073b 832b 1212b 1904b 2472b 1556b 820b 1260b
CV. (%) 18.9 15.8 155 79 12.9 12.7 8.4 15.7 9.3

Bunch number (no./palm/year)

303 13a 19.5 144 a 123 a 11.7 188 a 142 a 6.0a 135
ST3 71b 20.9 9.1b 10.3 b 12.1 166b 125b 45b 11.6
CV. (%) 14.0 134 154 12.1 11.1 14.1 9.7 13.9

Average bunch weight (kg/bunch)

303 2.8 7.1a 9.9 13.0 a 204 a 173 a 138 a 18.4 12.8
ST3 2.8 52b 9.6 118 b 158 b 150b 127b 19.0 11.5
CV. (%) 12.6 10.3 11.0 8.1 6.3 5.8 6.9 75

Note: Means within the same column with the same letter are not significantly different at p= 0.05 from Duncan's
Multiple Range Test (DMRT).
Source: Modified from Wongsri et al. (2016)

Suratthani meteologocal station
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Surat Thani 9 Surat Thani 3

Characteristics Surat Surat

Thani 9 Thani 3

Frond color Green Dark
green
Frond length Medium Medium
Bunch shape Ovate Ovate
Bunch: spine Short Short
length
Fruit shape Oblong Oblong
Fruit weight Medium Medium

Fruit: shell to Medium Medium
fruit ratio (7.5%) (7.5%)
(% by weight)

Fruit: kernel to Low Low
fruit ratio (6.6%) (6.8%)
(% by weight)

Fruit color Nigrescens | Nigrescens

Height Medium Medium

Qil palm tree (4 year-old)

Figure 2 Characteristics of Surat Thani 9 variety compared with Surat Thani 3

Source: Modified from Promchuea et al. (2021)
Figure 3 Monthly record of average fresh fruit bunch of Surat Thani 7 and Surat Thani 8
varieties recorded from January 2009-December 2022 (6-18 years old) and Surat

Thani 9 recorded from January 2011-December 2022 (6-16 years oid) in Surat

Thani province.
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1.3 99AUSZNAUNZAEY

HANI3ILAT12Y03AUTENBUNEATY WU §31805511 9 Hurdusensane 25.5

=

\Woslgud(Table 4) ganINMU9INNATZIUTDINTANEDNGNHANILEIIVOINTIIINTNYAT &
Waenuenansana 86.0 Wesidud gendmngnauniiildenuenansena 77-85 wWosigud

dwsudnvagnanuin Tngarunnitguaudus lnedinzasdona 7.5 lWesilus uavgsugiond

(% ' '
=l = € a a

9 fdmaglunguitlinandnunfiuurdudvsemiieiungs lnednandnuiiulrquavguade

v
s o o

818.7 Alansudalsded gandniugiseuieuiugasiugssni 3 dalinandnuiduiiduiu

Y 9 99

& @ 6

626.1 Alansusialisat Andu 30.8 1Wasidud (Table 5)

Table 4 Bunch component analysis of oil palm crosses and their standard cross at

Suratthani Oil Palm Research Center.

Cross Type Fresh Mesocarp  ShelU/fruit Kernel/fruit Oil/bunch

/variety /fruit (%) (%) (%) (%)
ST9 Deli x AVROS 86.0 a 75b 6.6 b 255a
307 Deli-Composite x AVROS 85.1 a 8.4b 6.5b 26.1 a
309 Deli-Composite x La Me-AVROS 82.0 a 9.7 ab 83b 235 ab
313 Deli-Composite x AVROS 83.1a 10.3 ab 6.6b 239 ab
S Kazamba x La Me 70.7b 16.2 a 13.1a 219b
ST3 Deli x DAMI 85.7 a 75b 6.8Db 257 a

CV. (%) 8.6 453 34.4 8.0

Note: Means within the same column with the same letter are not significantly different at p= 0.05 from Duncan's Multiple Range test DMRT).

Source: Modified from Wongsri et al. (2016, 2018)

Table 5 Comparision of crude palm oil (CPO) of variety Surat Thani 8 compared with its

standard cross (Surat Thani 3)

Cross Fresh fruit bunch OER! CPO? Comparision percentage
/variety (kg/rai/year) (%) (kg/rai/year) ST3
ST9 3,773 21.7 818.7 130.8
ST3 2,872 21.8 626.1

Note: * OER = oil per bunch (%) x 0.85
? CPO = (Fresh fruit bunch (kg/rai/year) x OFR (%))/100

s

Unduindugnuauiugasiugssnil 9 195unissusesainnsuivinisinensiduiug

39

wugd Wedun 19 Jurew 2561 waglaueulaudideurduindugsiugisdveenansly
Usrleauanudde lnendaiuguiduungdu (wansontaziundn) 91uiieneuanenwlad iz

ﬂﬁ?%@ﬂﬂ’]ﬂ%}gua&aﬂ%u SIUNINUIBUYDINTUIYINTINEATULAELNEATAT NeldalaTenig

LY o a

WanAnEnIMNsTUILNSNERFUAN YRS wazlasaINTITenazkdnudniuduassundiuidy

v '
I I~

uieatiuayulasinsugnuidudiduivenaunundsny 31w 430,234 WAAIDN/AY WAL

L% 5

gamsfnen nlunisudniugasugssnll 9 agnedeiilo (Figure 5)
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Figure 5 Surat Thani 9 was manipulated as seedling at the nursery of Ranong Agricultural and
Research Center, Ranong province (a) and private nursery in Surat Thani province (b) and

planted at farmer field in Chumphon province

A3UNAaNIINAADY
Undunifiugnvaniuggaug st 9 lhannniswauseninauldnug 68/374D nqundgs
(Deli Dura) fluviaug 125/154T nasiousea (AVROS) Wet w.a. 2544 antulgnyageud w..
2548-2558 uagliiugasugisndl 3 WuiugSeudieu Unduiffugnuaniugasiugisd 9 4
anwauziau Winandavzaneannde 3,773 Alansusialsdel ganimngnauuasiugilseuiioua
s | a < § < s ! '3 v A

5199355749 3 Aoy 31.4 WosiTuA wargenitNueilInIgIuYBINSAAENGNNANILDT VDY
a ° a Yy A v ¢ A = s
NSIVINNENT TUNEaeRdy 13.5 neangradusiel gandniugiuTouligugnuaugsugs
511 3 uastwmtinneganeedy 12.8 Alansudensatey ddenuanuuiuaznyaiun lnediden
wenansona nzainena waziniusenzatalial 86.0 7.5 uay 25.5 Wasldus audnu Uiau

Y v ¢ 3 = Yo [ a < v ¢ o A o o
unugnuaniuggiug st 9 lasumsiusesnnsinnisinuasiduiuguugdn Wetun 19
flunaw 2561 uaglavenenanislduselenianide Inendsmiugunduingdu (wasenuazaundn)

IMUNINYUANUNNIATTHALLONTU TINVANWATNTBE 1RBLTBY

st lulduselovd
msveneradidisugnuaniusasugiond 9 Busudifeusunay 2561 aufaiion
Sunew 2565 gudidendutintugsugsnd ldddunmssming dweu euanuidasenuay
Fundliingnuniads wasmeenyu seontwavnInsyauidiiiy lananiuglugy

Winsen AuNdney 3-5 Wew uavAunateny 8-12 Weu $1uiu 430,234 wiansen/su Wiluvey
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Numgnlauszana 14,341 15 (Auansliiugdnam 30 wansendgnls 1 19) Aaduseldan
msdmheiuguensiznNsnens Wuldu 17 a1uum (Table 6) navimilldussleviivinln
NEATNT MIBITUTIVNT MALNBUTTUSALTUNUNURUEIAL @1ns0anfuY LYt ¥nINTIeY
. gy w o ¥ P L v
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[ [ =
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S o a 1A (% v & dy a" v 6 s = o
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Table 6 Germinated seeds, seedlings production and utilization of Surat Thani 9 variety

in 2019-2022.
3-5 8-12 Income  Planting  Yield? Income  Yield® Income
Germinated
month-old  month-old  value? area’ (tons) value® (tons)  value’
Source seeds!
seedlings! seedlings!  (million (rai) (million (million
(seeds)
(seedlings)  (seedlings) baht) baht) baht)
1. Suratthani 255,122 81,923 93,189 17 14,341 54,109 216 13,696 55
oil palm
research
center

! Data obtained from germinated seeds and seedlings production DATA-BASED at Suratthani oil palm research center,
Department of Agriculture

2 Aggregated of 8-12 month-old seedlings (310,487 seedlings) x selling price at 55 baht/seedlings.

3 Aggregated of planting area of germinated oil palm seeds, 3-5 month-old seedlings, and 8-12 month-old seedlings
(calculated from germinated seed rate at 30 seeds/rai and seedlings at 22 seedlings/rai)

% Productivity of Surat Thani 9 (3,773 kg/rai) obtained from planting area of 14,341 rai

5 Calculated from yield x selling price at 4 baht/kg (Office of Agricultural Economics, 2022)

¢ Difference between productivity of Surat Thani 9 (3,773 kg/rai) and productivity of other variety planting in Southern
Thailand in 2015-2020 (2,818 kg/rai) (Office of Agricultural Economics, 2022)

" Increase income obtained from Surat Thani 9 variety plantation.
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ABSTRACT

Lychee, Nakhon Phanom 1 variety showed high potential for economic plant, however
the quality and quantity of yield in each year were not sufficient and the pest problem still
occurred, so the developments of production were done during 2012-2022. The result found
that the maturation of leaf and temperature in November-January with the temperature below
20 °C and maximum temperatures not more than 30 °C continuously for 2 weeks or more,
induced the flowering. Pruning and fertilizer application using recommended method
increased yield by 21.2%. The cutting of top canopy and pruning 30% after harvesting or 20%
and 10% at the end of the rainy season, and fertilizer application according to soil analysis,
increased flowering rate and yield by 30% and 57%. The fruits were soaked in 3% hydrochloric
acid mixed with 1% sodium metabisulfite for 10 minutes and stored at 5 °C can lead to shelf
life of 30 days. Fertilizing according to leaf analysis gave the highest yield of 738 kg/rai, followed
by fertilizing according of soil analysis with the yield of 605 kg/rai. Spraying fertilizer of N-P-K at
the rate of 0-52-34 and concentration of 1% mixed with 400 ppm of ethephon, increased the
flowering rate and yield. Irrigation on 100-percent water requirement increased yield (average
of 800 kg/rai). Prevention and control of fruit borers using insecticide and petroleum oil during
the fruiting period reduced the damage by 89.6%. Wrapping fruits 30 days after fruit setting
reduced damage of fruit flies, pole borer, and sting bug by 100%. Using pheromone methyl
eugenol traps (2 traps/tree) reduced insect infestation by 84.4-86.3%. Quiality classification of
lychee, Nakhon Phanom 1, was established. Class AA required flawless fruit, fruit size not more
than 35 fruit/kg. Class A and B required fruit surface defect of not more than 0.25 and 0.5 cm?,
fruit size not more than 35 fruit/kg. Lychee Nakhon Phanom 1 has been registered as a Gl
product "Lychee Nakhon Phanom". Currently, planting areas 2,969 rai, 1,373 farmers, yield
1,574 tons. GAP standard certification was given to 69 plots with total area of 125 rai of land
and approximately 169 tons of yield. It’s a career that generates sustainable income.

Key words: lychee, Nakhon Phanom 1 variety, soil analysis, lychee pest, GAP
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Table 1 The lychee production of Nakhon Phanom 1 at farmer plot during 2012-2013.

Plot DOA Farmer
number Yield (kg/rai) Fruit weight (g) °Brix Yield (kg/rai) Fruit weight (g) °Brix
2012 2013 average 2012 2013  average 2012 2013  average 2012 2013  average 2012 2013  average 2012 2013 average
1 1,320 1,124 1,222 29 29 29 21.6 20.3 21.0 1,060 1,036 1,048 30 27 29 20.6 21.7 21.2
2 1,421 1,266 1,344 34 32 33 20.2 20.9 20.6 1,160 1,100 1,130 29 26 28 20.3 18.8 19.6
3 1,280 1,305 1,293 33 31 32 215 20.6 21.1 986 1,207 1,097 33 30 32 20.9 19.4 20.2
4 1,123 1,244 1,184 34 32 33 215 20.6 211 1,005 1,105 1,055 32 32 32 20.6 20.3 205
Average 1275+124 1271478, 10734716 34423 3p+141 33+1.89 2114067 2074024 2094024 10504781 11374707 10944384 31+183 294275 304206 2064024  195+126 20.1+067
Table 2 The lychee production and economic data of Nakhon Phanom 1 at farmer plot in 2017
Plot DOA Farmer
Yield Cost Income Net income Yield Cost Income Net income
number BCR BCR
(kg/rai) (baht/rai) (baht/rai) (baht/rai) (kg/rai) (baht/rai) (baht/rai) (baht/rai)
1 0 2,475 0 -2,475 0 0 1,950 0 -1,950 0
2 20 3.400 1.400 -2.000 0.41 35 3.000 2.450 -550 0.81
3 335 8,882 23,450 14,568 2.64 200 6,550 14,000 7,450 213
a4 850 8,882 59,500 50,618 6.69 435 6,550 30,450 23,900 4.64
5 320 8,582 22,400 13,818 2.61 325 6,550 22,750 16,200 3.47
6 0 3,610 0 -3,610 0 0 2,350 0 -2,350 0
7 0 3,160 0 -3,160 0 0 2,350 0 -2,350 0
8 75 3,396 5,250 1,854 1.54 0 2,350 0 -2,350 0
9 135 3,730 9,450 5,720 2.53 0 2,350 0 -2,350 0
10 500 9,162 35,000 25,838 3.82 0 2,050 0 -2,050 0
Mean 223 5,528 15,645 10,117 2.02 99 3,605 6,965 3,360 1.10
* = significant

Cost of fruit, 70 Baht/kg
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Table 3 Percentage of flowering trees, flowering of canopy and percentage of fruit setting during 2018-2020

Year Treatment* Flowering tree (%) % Flowering % Fruiting Yield (kg/rai) Number of fruit/kg °Brix Fruit (g) Fruit coat (g) Aril (g) Seed (9)
2018 1 42.8 235 20.3 446 327Db 16.8 b 30.7b 6.81 16.71 b 6.79 b
2 52.4 285 26.0 514 30.0 a 178 a 333 a 6.29 19.85 a 6.06 a
3 66.7 36.6 29.4 532 29.6 a 17.7 a 338a 6.05 20.42 a 591 a
F-test ns ns ns ns * ** * ns ** **
CV (%) 44.0 44.4 50.2 50.49 5.98 3.52 6.56 13.46 6.21 7.44
2019 1 38.1 18.6 15.9 387 b 338a 16.8 29.03 ¢ 6.03 17.00 c 6.03
2 47.6 22.8 19.6 456 a 320Db 17.0 30.98 a 6.45 18.51 a 5.77
3 52.4 258 235 492 a 31.4Db 17.2 32.10b 6.26 19.76 b 5.64
F-test ns ns ns ** *x ns *x ns x* ns
CV (%) 42.8 38.69 39.23 12.72 2.78 2.39 2.61 8.53 4.45 7.41
2020 1 333 26.0 c 188 ¢ 505 ¢ 32.0c 179 b 319 c 6.79 18.07 b 6.74
2 38.1 30.8 a 277 a 605 a 29.6 b 185 a 322Db 6.62 20.78 a 6.31
3 42.8 36.1b 313 b 738 b 285a 195b 34.5a 6.51 2183 a 6.32
F-test ns *x *x *x *x *x *x ns > ns
CV (%) 31.18 2.30 2.65 4.44 2.31 2.87 1.68 4.29 5.13 7.13

*Treatment; 1 Farmer fertilizing, 2 Fertilizing base on soil analysis and 3 Fertilizing base on leaf analysis

Mean followed by a common letter are not significantly different at the 5% level by DMRT, ** = highly significant, * = significant, ns = non-significant
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Table 4 The lychee production and infection of fruit borer (Conopomorpha sinensis) of Nakhon Phanom 1 in farmer plot in 2017

Plot Farmer
number Yield (kg/rai) Fruit (g) °Brix Fruit borer infected (%) Yield (kg/rai) Fruit (g) °Brix Fruit borer infected (%)

1 49 16.6 18.0 28.0 55 14.2 16.2 26.9
2 579 31.4 16.8 17.2 571 31 17.7 13.8
3 151 31.3 16.3 6.7 155 31.1 16.9 13.3
a4 314 31.1 17.6 0.0 310 313 17.0 3.1
5 159 28.1 18.2 2.8 151 27.1 18.3 58
6 152 26.9 18.2 33 108 27.1 18.3 10.0
7 170 26.6 16.1 3.6 168 26.4 16.0 3.1
8 277 34.3 18.3 3.8 283 34.1 18.1 7.7
9 120 279 18.2 8.3 116 27.7 18.2 16.7
10 792 29.3 18.0 3.5 786 29.5 174 7.9

Mean 276 29.6 17.5 5.20 270 29.5 17.5 8.82

t-test ns ns ns **

** = highly significant, ns = non-significant

Table 5 The lychee production and pest infection of Nakhon Phanom 1 at Nakhon Phanom Agriculture Research and Development Center plot in 2022

% % Yield Number of Aril Yield components (g/fruit) % Fruit infection
Treatment °Brix
Flowering  Fruit setting (kg/rai) fruit/kg (%) Aril (9) Fruit (g)  Fruitcoat (g) Seed (g)  Fruit fly Fruit borer Longan stink bug

1 41.3 299 a 575 28.7 18.3 ab 724 233 a 32.2 5.37 565a 0.00d 0.00d 0.00 c

2 30.0 25.0 ab 662 23.0 18.2 ab 82.0 233 ab 28.4 5.10 6.15a 200 b 20.0 b 100 b

3 33.8 26.7 ab 667 28.7 18.8 a 70.9 22.7 ab 32.0 5.20 577a 16.7 bc 20.0 b 10.0 b

4 41.3 30.0 a 625 21.0 17.7b 72.4 218 b 30.1 5.71 556 ab 156 ¢ 13.7 ¢ 100 b

5 25.0 138 b 407 31.6 16.7 c 74.0 199 ¢ 26.9 4.64 494 b 31.2a 24.4 3 19.4 a
Mean 34.3 251 389.1 26.6 17.9 74.3 22.2 29.9 5.2 5.6 16.7 15.6 9.9
F-test ns ** ns ns ** - ** ns ns * ** ** **
CV (%) 37.49 24.13 20.78 26.46 2.66 - 4.47 12.67 11.68 7.35 14.56 14.89 5.66

Treatments; 1. Wrapping the fruit bunch, 2. Petroleum oll, 3. Protein bait with insecticide, 4. Pheromone traps, 5. Control

Mean followed by a common letter are not significantly different at the 5% level by DMRT, ** = highly significant, * = significant, ns = non-significant
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ABSTRACT

Root and stem rot disease is an important problem in durian (Durio zibethinus Murray)
production. The integrated technology to control root and stem rot and to recover the diseased
durian plants in the demonstration plots by combining the Department of Agriculture (DOA)
technology together with other suitable technologies was compared with the durian grower’s
practices. This comparison was conducted in Chantaburi, Rayong and Trat provinces during 2019-2021,
5 plots/province. The recommended integrated technology included root system regeneration,
continuous curing of diseased lesions on the durian’s trunks and the immune system stimulation of
declining plants with phosphonic acid. The durian plant recovery was evaluated before and after
application at 4 months interval. The results showed that the recommended integrated technology
could reduce disease severity of durian plants in Chantaburi, Rayong and Trat by 14.09, 17.58 and
28.57 %, respectively. This technology also increase the recovery of declining durian plants, with not
significantly different cost from the grower’s practices. Expanding technology to control root and
stem rot of durian from demonstration plot to the neighboring community was conducted in 2021,
7 plots per province. The farmers adopt integrated technology to control root and stem rot of
durian. The results showed that the expanded farm was able to control the epidemic and reduce
the severity of the disease. In Chanthaburi, Rayong and Trat province, the expanded farm reduced
disease severity by 38.26, 9.38 and 33.61 %, respectively. Selected 7 prototype farms as a pre-study
site visit. Transfer technology to farmers and agricultural officers in Chanthaburi, Rayong, Trat, once
per province, there were a total of 111 trainees. Interview of farmer's technology acceptance, the
result shows that farmers accepted DOA technology at a high level (4.01-4.14). In addition, on farm
trial expanded technology to large scale agricultural extension system project, durian farmers group
in Tha Kum — Noen Sai, Mueang District, Trat Province. Trial of 30 farms, 120 rai, between March and
September 2021 found that able to reduce disease severity by 19.41%. The technology was
extended to 6 durian farms, 6 rai, between December 2021 and July 2022. The average severity of
the disease decreased by 18.06 percent. The continuous treatment of diseases is an important factor
in successfully controlling diseases.
Key words: durian, root and stem rot, Phytophthora spp., integrated pest management (IPM),

Trichoderma spp.
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Table 1 Comparison of disease severity of Phytophthora infected durian plants before and

after application with recornmended technology and durian grower’s technology during 2019-2021.

Province Recommended technology (%) Grower’s technology (%)
Before After Change Before After Change
application application (%)  application application (%)
(Nov 2019) (The fifth (Nov 2019) (The fifth
evaluation evaluation
/Aug 2021) /Aug 2021)
Chanthaburi  54.00 ¥ 46.39 -14.09 51.00 65.17 +27.78
Rayong 56.88 46.88 -17.58 46.25 48.13 +4.06
Trat 61.60 44.00 -28.57 63.40 69.40 +9.46
Average 57.49 45.76 -20.40 53.55 60.90 +13.73
T-test * 2 - ns ¥ -

Note : ¥ Average of disease severity from 10 infected plants per orchard, 5 orchards per province.

% * = significantly different at P<0.05 ” ns = not significant
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Table 2 The average cost (baht/rai) for controlling root rot and recovering Phytophthora infected durian plant in Chanthaburi, Rayong
and Trat during 2020-2021.

Synthetic fertilizer/Organic

Chemical/ Biocontrol agent Labor cost Total
fertilizer/Soil amendment
Province
2020 2021 2020 2021 2020 2021 2020 2021
RTY  GT¢ RT GT RT GT RT GT RT GT RT GT RT GT RT GT
Chanthaburi 58457 1,075 3,451 1,606 2,713 5159 2821 5163 4,130 5210 3,800 4520 12,688 11,444 10,072 11,289
Rayong 4240 3815 3950 2,110 2,736 3,044 483 4804 4075 4,658 4,625 4,785 11,051 11,517 13411 11,699
Trat 1916 3,494 27716 3,750 3562 2,524 3862 2,884 6464 6,965 6,464 6965 11,942 12,983 13,042 13,599
Average cost 4,000 2,795 3372 2489 3004 3576 3839 4284 4890 5611 4963 5423 11,894 11,981 12,175 12,196

T-test

ﬂSy

*x 5/

ns

ns

*

ns

ns

ns

Note ¥ Recommended technology (RT) # Durian grower’s technology (GT) * Average cost from 5 orchards per province.  ns = not significant * * = significantly different at P<0.05

Table 3 Disease severity of Phytophthora infected durian plants before and after application in the expanded farms at Chanthaburi

Rayong and Trat in 2021.

Province Before application After application Change
(Apr 2021) (The third evaluation/Oct 2021) (%)
Chanthaburi 75.43 Y 46.57 -38.26
Rayong 83.71 75.86 -9.38
Trat 85.86 57.00 -33.61
Average 81.67 59.81 -26.77
T-test x 2 -

Note : ¥ Average of disease severity from 10 infected plants per orchard, 7 orchards per province % * = significantly different at P<0.05
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Figure 1 The recovery of Phytophthora infected durian plant before (A) and after (B-D)

application of integrated technology in Chanthaburi province during 2019 and 2021.
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Figure 2 The recovery of Phytophthora infected durian plant before (A) and after (B-D)

application of integrated technology in Rayong province during 2019 and 2021.
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Figure 3 The recovery of Phytophthora infected durian plant before (A) and after (B-D)

application of integrated technology in Trat province during 2019 and 2021.
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ABSTRACT

The objective of this research is to investicate and develop a portable stripper
for harvesting coffee cherries. It consisted of two 100 mm long shafts rotating in opposite
direction. Two spring wires were attached parallel to each shaft for stripping cherry off
at the linear speed 4.18 m/s. The stripper was driven by a 6-watt dc motor, power by a
12-volt battery. The plastic band curtain was installed by surround the stripper shaft to
reduce fruit losses. During harvesting test, a nylon net receptacle sized 1.20x1.50x0.50 m
was used for collecting harvested cherries coffee. For Robusta coffee, all cherries were
stripped off owing to uniform ripening. Test results showed that average working capacity
of the stripper was 85.18 kg/hr with 1.47% loss and faster than hand stripping 1.81 times.
For arabica coffee, only mature cherries were stripped off, average working capacity was
30.54 kg/hr with 1.33% loss and mixed green cherry 2.66%. The stripper was faster than
the hand stripping 2.04 times. At present, more than 15 machines have been produced

and distributed to the farmers by the private sector at a price of 4,900 baht per unit.

Keywords: coffee harvesting, coffee harvesters, robusta coffee, arabica coffee
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Figure 1 Robusta coﬁee (a) and arabica coffee (b)
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Figure 2 Coffee harvesting by farmer, robusta (a) and arabica (b).
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Figure 3 Chinese coffee harvester (a) and harvesting coffee by chinese harvester (b).
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Figure 4 Vietnamese coffee harvester (a) and components (b).
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Figure 6 Assembly drawing of the coffee harvester prototype.
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Figure 7 The first coffee harvester prototype.
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Table 1 Results of the linear velocity test on harvesting coffee

Velocity Harvest cherry (%)
(m/s) X SD
2.62 97.34 +1.04
3.14 98.54 +0.63
3.67 99.46 +0.49
4.18 100.00 +0.00
a4.71 100.00 +0.00
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Figure 8 The visualized of portable coffee harvester
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Figure 9 Machine harvesting (a) and hand harvesting (b) for robusta coffee.
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Table 2 Comparison between the portable coffee harvester and hand-picked to

harvested robusta coffee at Chumphon Horticultural Research Center.

Test Methods X SD t-test P-value
Capacity Machine 85.18 6.83
12.803* 0.000
(kg/hr) Hand-picked 46.91 6.54
Loss Machine 1.47 0.84
0 2.559* 0.028
(%) Hand-picked 0.77 0.22

* Significance level of 0.05.
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Table 3 Comparison between the portable coffee harvester and hand-picked to

harvested arabica coffee in coffee plantations in Mueang Pan district, Lampang province.

Test Methods X SD t-test P-value
Capacity Machine 30.54 4.12
8.116* 0.001
(kg/hr) Hand-picked ~ 15.00 1.18
Loss Machine 1.33 0.15
5.820* 0.000
(%) Hand-picked  0.66 0.21
Green cherry mixed Machine 2.66 0.69
2.273* 0.053
(%) Hand-picked  1.68 0.67

* Significance level of 0.05.
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Figure 11 The coffee plant harvested by portable coffee harvester.
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Figure 12 Payback period of portable coffee harvester.
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ABSTRACT

Robusta coffee harvest coincides with the rainy season in the South of Thailand.
Therefore, it is not possible to dry coffee in the sun or use a solar greenhouse plant
during rainy days. This project aims to research and develop Robusta coffee
dehumidifiers to reduce the drying time and reduce the damage of coffee with high
moisture during the rain or high humidity. Heat the drying tank with Liquid Petroleum
Gas. The prototype of coffee dryer it consist of horizontal cylinder diameter 100 cm.
length 120 cm., can hold the cherry coffee bean about 450 kg/time. The controller that
can control the temperature and the rotation of the drying tank. The study found that
when the moisture content was reduced, the cherry coffee bean would collapse. Causing
the cherry coffee bean to collapse until they are lower than the exhaust pipe that is
placed in the middle of the drying tank. Take out the first coffee beans and then continue
drying the batch. Set the inlet hot air temperature to 60 degrees Celsius. The dryer can
reduce the moisture content from 57.7%wet basis to 36.6%wet basis in 12 hours and used

liquefied petroleum gas to reduce the moisture content of 0.54 kg./ hr.

Keywords : dryer, coffee, robusta
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Figure 2 The structure of drying tank support
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Figure 3 The direction of hot air flow
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Figure 4 The Prototype of Robusta coffee Dryer
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Figure 5 Cherry coffee beans in the dryer tank

171




Figure 6 record data Temperature, Humidity and air flow rate
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Figure 7 The cherry coffee beans after drying
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Figure 8 Line gragh showing the moisture content
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Color Chart for Harvesting the Coffee Cherry at Optimum Stage
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ABSTRACT

Maturity stage of coffee cherries affects various compounds of the coffee beans,
including the aroma and flavor. The objective of this research was to create a color chart
for assessing the ripeness of coffee cherries that was easy to understand and convenient
to farmers and harvesters. The optimum color selection for fabrication of color chart was
obtained from the study of the correlation between the skin color and total soluble
solid (TSS) of the coffee cherry including the amount of tryptophan, 3-methylbutanoic
acid, chlorogenic acid (CGA) and caffeine in coffee beans. The study was conducted in 4
stages of maturity: (0) young fruit, age of 92-98 days after flowering (DAF), (1) pink fruit,
age of 172-182 DAF, (2) red fruit, age of 232-238 DAF and (3) crimson fruit, age of 273-
280 DAF from area of Khao Kho, Chaing Rai, Khun Wang and Wawi. It was found that the
TSS content (5.6-22.4 °Brix) in coffee cherries increased with age. Tryptophan and 3-
methylbutanoic acid were not detected but CGA and caffeine were found as the main
components in coffee bean which increased with the age of the coffee cherry. The
optimum stage for harvesting should be at least 232 DAF with minimum TSS at 17°Brix
with red to dark-red skin color. From the research results led to create a color chart for
assessing the ripeness of coffee cherries bloom. The first step: selecting the suitable
coffee cherry color for creating color reference chart, design the prototype that
accurately reflects the color of coffee cherries and test under real conditions at Wawi
Premium Coffee Program. The invented color chart, color brand was replaced the
maturity of the coffee fruit, starting from pink showed (1) unripen fruit, red showed (2)
ripen fruit to dark red showed (3) overripen fruit for both open space coffee plantation
and shade tree cover. After the improved color chart was successfully transferred to
target group of workshops which were conducted to assess the maturity of coffee fruits

and perform preliminary grading of coffee bean quality. It has been well accepted by
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the farmers, harvester and operators. Because color chart can help a sorting of maturity
of the coffee fruits (unripening, ripe and overripe) to be easy to understand and

convenient to use.

Keywords: arabica coffee, color plate, harvesting, maturity
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Table 1 Maturity stages of Coffea Arabica cherry from four locations: Khao Kho, Chaing

Rai, Khung Wang and Wawi

Maturity stage of arabica coffee cherry (Days after flowering) ¥

Location
Green-young Pink-unripen Red-ripen Dark red-over ripen
Khao Kho 92 172 232 273
Chaing Rai 92 172 232 273
Khun Wang 94 180 235 278
Wawi 98 182 238 280

W Different maturity stage of Arabica coffee cherry were indicate day after flowering

Source: Karunsatitchai et al. (2020) (in Thai)
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2.2 msnaaedlan dukuisudlulinunsnsuazdiiuifsinanunlulasamsniu
ywiilen (113) neaedldnu wieududoyarwAafiuaingldsnuunyssduiiovsuugdls
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g9 (Figure 1) doArRBIiUINUN UazARlE (2547)

Figure 1 Total soluble solid in different maturity stages of of Coffea arabica cherry

cv.Chaing Mai 80 from Khao Kho, Chaing Rai, Khun Wang and Wawi
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Color change
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Figure 2 Color changes (L, a, b values) in different maturity stages of Coffea arabica
cherry cv.Chaing Mai 80 from Khao Kho (a), Chaing Rai (b), Khun Wang (c)
and Wawi (d)
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ANNDU 1119997103 5 —CQA Wuansderulun1sFuasIzinsaraslsItntasA Nl ouly
(Castro and Marraccini, 2006) 41 USanaunuduiuiuguesniunuazladanieuen laun anm

21MA MI3edgn AnNNAY USinauasmsnseneiivesiu naenvugamnilluusiazlsiueme

Figure 3 Accumulation of chlorogenic acid (CGA) and caffeine (CF) in different maturity
stages of Coffea arabica cherry cv. Chaing Mai 80 from Khao Kho (a), Chaing
Rai (b), Khun Wang (c) and Wawi (d).
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Figure 4 Appearance of Coffea arabica cherry cv. Chaing Mai 80 at different
maturity stages: (a) Green (b) Pink (c) Red and (d) Dark red from Khao Kho

Figure 5 Appearance of Coffea arabica cherry cv. Chaing Mai 80 at different
maturity stages: (a) Green (b) Pink (c) Red and (d) Dark red from Chaing Rai

Figure 6 Appearance of Coffea arabica cherry cv. Chaing Mai 80 at different
maturity stages: (a) Green (b) Pink (c) Red and (d) Dark red from Khun Wang

Figure 7 Maturity stages of coffee cherry of Coffea arabica cv. Chaing Mai 80: (a)
Green (b) Pink (c) Red and (d) Dark red from Wawi

Figure 8 Color mixture and gradation obtained from coffee skin color in the color chart
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Table 2 The correlation between maturity stage of arabica coffee cherry, color chart,

RGB, days after flowering and accumulation of chlorogenic acid and caffeine in coffee bean

Maturity stage of RGB Days after | Accumulation of components
Argbica coffee | Color chart flowering in coffee bean (ppt )
cherry Chlorogenic acid Caffeine
R182:G198:B174
young R154:G185:B158 84-98 0.680-0.684 | 0.360-0.561
R136:G165:B136
R173:G150:B127
unripen R164:G126:B97 98-182 0.040-0.635 | 0.415-0.424
R151:G103:B86
R156:G96:B87
ripen R139:G82:B80 182-270 0.628-0.646 | 0.408-0.425
R126:G82:B85
R111:G83:B94 More
over ripen R96:G79:B87 than 270 | 0.659-0.706 | 0.420-0.498
R93:G79:B86 days
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wenifles 2 seevdilndideaiudiinldass Mmensldiniesing colorimeter sruddluszuy
RGB ag3zy color group (Table 3)
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Table 3 The invented color chart for coffee grown in shaded and open areas

Maturity stage Shade Area Open Area
of Arabica Color RGB Color group Color RGB Color group
coffee cherry chart chart
unripen r R175G136:8114 | Greved-orange group R185G175:8139 | Greved-brown
| 174, Moderate group N199, Strong
- reddish brown A Yellowish Grown D
RI58:G108:B92 | Greved-orange group RI87:G160:B127 | Grevedorenge
176, Moderate group 166,
reddish brown B Moderate orangeD
fipen R143:G84:B84 | Grevedpurple group R176:G1158105 | Goededgopidh
183, Moderate red C Moderate red A
18]
R129:G85:B87 | Greyed-purple group R164:G100:8100 | Coedpupesop
187, Dark red A 184, Greyed red A
over ripen R111:G85:894 | Purple group N77, R121:G90:B96 Greyed-Purple
Greyish purple A group N186, Dark
Greyish Red C
w
R100:G82:891 | Brovn group 200, R106:G90:898 | Brown goup N200,
Dark Greyish reddish Dark Greyish
brown A reddish brown A

MIANOUTIFIUAURNIT drukuiievanusulsuail Waneveagngudwuneneld
nsENeUIIANUATRN9509 N13UsEliunsgNuAveINan kA N1ARAUATNUEAN LN
ey Wietui 2 dugieu 2565 Tuguuuvesulad o audideuaziannisinunsngadese

(3M) Jmindiessy Anwasnsguanniunessting uazdaula Wsmdwiu 30 91 (Figure 9)
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Figure 9 Training of assessment of the maturity stage of coffee cherries using color chart
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Figure 10 Model of color chart for Arabica coffee cherries harvesting
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ABSTRACT

The People's Republic of China, Thailand's importer of agricultural and food products,
has issued Regulations on the Registration and Administration of Overseas Producers of
Imported Food (Decree 248). To supervise the registration of Food Producers. Production type
of production, processing and storage of food products imported to the People's Republic of
China. The regulation will enter into force on January 1, 2022. This affects manufacturers of
unregistered food products who will not be able to export their products to the Republic of
China. Department of Agriculture (DOA) the regulator of agricultural products on crops,
important role in inspected and proposed a list of food producers that must be registered
through the competent authority (CA) of the exporting country. DOA has prepared the
registration of food producers exported to the People's Republic of China in accordance with
Decree 248 under the operation by DOA. The objective is to study Decree 248, prepared criteria
and conditions for registration, documents, forms and registration manuals. Check the
information and propose a list of food producers to be registered. Implementation period since
October 2021 to March 2023 as follows 1) Study, gather information of Decree 248. 2)
Determination of CA for responsibilities of registration. 3) Determination of the procedure for
registration of food producers. 4) Preparation of criteria and conditions for registration
documents, forms and registration manuals. 5) Public relations of registration, training and
meetings. 6) Registration of food producers according to Decree 248 and 7) Evaluation of
performance. Result the criteria and conditions for registration of food producers exported to
the People's Republic of China in accordance with Decree 248 under the operation by DOA
and the food producers registration manual to communication and training food producers.
This allows food producers to submit registrations through the People's Republic of China's

electronic system. Food producers are considered for registration. There were 273 applications,
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when assessing the satisfaction level of the applicants for registration under Decree 248, it was
found that the applicants were satisfied level with an average of 86.70 % of all topics.

Key words: Registration 248, Decree 248, Food Producers, CIFER, The People’s Republic of China
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Table 1 Number of registered food producer according to Decree 248 from October 2021 to March 2023

4] -o? +
© 4 w© v ®©
m 3 3 € I o O
2 2o, . 3 5 8
Catagory © > 5 g - E Y & 2 - T
5 B © g ¢ B a 202 &6
K% o v T 3 © © L’ © = 2w
S £ L2 =288 g2 &% g 8 °&5F
g % 8 E&sg &£ =z 2 v 5488
(1) Applied in October 2021 a4 0 0 a4 3 a4 5 31 0 51
(2) Applied since 8 2 104 7 11 4 3 83 0 222
November 2021 via CIFER
Total 12 2 104 11 14 8 8 114 0 273
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Satisfaction withregistration under
Decree 248 by DOA

3.5 ABLE TO CONTACT AND RESOLVEISSUES
3.4 SERVICE EQUALITY, NON-DISCRIMINATION

3.3 HONESTY AND INTEGRITY

3. STAFF

3.2 KNOWLEDGE AND ABILITY

3.1 READY TO PROVIDE INFORMATION.

2.4 DESCRIPTION OF DOCUMENT PREPARATION

2.3 DESCRIPTION OF THE REGISTRATION PROCEDURE

2.2 CLARITY OF APPLICATION

2. REGISTRATION
PROCESS

2.1 IMPLEMENTATION OF THE PROCEDURE

1.3 SPEED OF INFORMATION

1.2 COMMUNICATION/PR CHANNELS

PR

1.1 PUBLIC RELATIONS OF INFORMATION

1. COMMUNICA
TION

70.00 75.00 80.00 85.00 90.00 95.00

Figure 2 Satisfaction with registration under Decree 248 by DOA
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