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Morphology and Crossability of Cut Flower and Potted Lilies

Aszin YaseN Aunanmol Aenay uas gt Inensal’
Chirawat Nutham, Chantalak Tiyayon and Nuttha Potapohn’

meadmwTAaasuazgimans azinsmemans su1angaedea i A. @ealud 50200
Department of Plant and Soil Sciences, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand

*Corresponding author: Email: natorchid@gmail.com

(Received: 18 October 2021; Accepted: 13 January 2022)

Abstract: Lily is popular flower, it can be used as cut flower and potted plant. It has colorful flower, long
vase life and fragrance. This research was conducted to study morphology, chromosome number and
crossability of potted, cut flower and wild lily. Morphology of 4 varieties of cut flower, 4 varieties of potted
lily and one wild species, Lilium primulinum Baker var. burmanicum Stearn was conducted. The results
showed that characteristics such as plant height, leaf shape, flower and flowering period of each variety
in this study were different. Chromosome number of Buzzer, Tiny Bee, Tiny Invader, Tiny Rocket, and
wild lily was 2n = 24 whereas those of Nashville, Nova Zembla and Saronno was 2n = 36 and Caesars
Palace was 2n=48. Self-and cross - pollinated among cut flower, potted and species as well as reciprocal
cross, were made. Self - pollinated could be made in two crosses and cross - pollinated within potted lily
could be made in 9 crosses. Whereas cross - pollinated within cut flower lily could be done in only one
cross. Cross-pollinated between potted and cut flower lily could be done in 4 crosses and reciprocal were
6 crosses. Lastly, crosses between potted and cut flower lily with L. primulinum var. burmanicum. could
be made in 5 crosses. Seed germination was found in one variety and one species of self - pollinated cross
and 16 crosses of cross - pollinated and reciprocal cross of potted lily, cut flower lily groups and L.

primulinum var. burmanicum.

Keywords: Breeding, germination percentage, wild lily

1
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ﬁ‘ﬂﬂ@:&l Asiatic lily ag Oriental lily L‘Wﬁ"]:‘mﬂma‘ﬁﬂ
wanuuui i dulddnnenla® (Sharma et al.,

2014) dufudszwmalnaainnsalgnaale ung
F 44 o XA o
Wun Begaulvojidununluaniamilanauyu
e ey Anisdndianugaaansalseme
WUAUIUNIN WWaa N gne lulssma wemae
mmﬁﬁaui’mﬁ;q Lmzmimﬁmﬁqﬁuﬁmﬂhﬂizmﬂ
U £ v =3 o Y o o caaa 1 v
Aaudnalee A liinRugaaisAIABud19gs
anifeyuidananagadeaaiiunanu
Anfudesln1sWam uia aWugaa il Aoy
nanuatsreddadu e ldduldfiananuwaz 1
N9eaN W adoaanfunuN1sdI 12909 0R UG AR
wazlutlszmalnanudn HaaT (wild lily) ot
BITNTIAUUNUNGINI9NALS (Sahavacharin,
1990) HAnuaNtANAMaIalsznIg Aa Aaninau
PAN NUADANTNWIAFAN NUADLTALAZLNAY WA
aal | A o i , ~
antNRanrU19lsen s I wNnzas WU pend
ANHOLZAINAY WATHNNFANHINITHANART 1N
a ! Aad | o adda o 9 \
FUATENINNAAUNTURAANNN19UN 19N AN -
Uszne dan1sldaatduntuasaaniig
anAlszmAlune aNsnRadnLazINan s
(Angumnuysiri and Sahavacharin, 1991) AM3ANEA
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oﬁ”mm@@fﬁuqmamﬁﬁ'mﬁuﬁmqu wazgUsneres
TastulandaslunisdnanuuniWugie uazau
n19UFuL39Wug (Krasaechai, 2004) fatf nn9Ase
niaifasfasmsAnendnigiinen suaulasiulo

uazaNamTn lunisnan e ldlunisufudgeiug

TuauIAR LNANNAINUANEY TENRADN LAZAN
FUUNNTUIENI99MRUE wazaF R ugaNNANT
winnzand v ldidulinszansueyldinaan

L4 aa
aUnsaluazinnis

nmsAnmIneduguInauazduaulasiula
1aIAA 8 AIEWUE wazdath 1 1in
NIN1999UIINAUT WA T STl UAN B U8
ARQNHAN AU 8 Aneiug nautiailu Aansenns
4 mf;lﬁuﬁ;”lﬁm Buzzer, Tiny Bee, Tiny Invader Wag
Tiny Rocket AABAAGN 4 A18WUS 1A bl Caesars
Palace, Nashville, Nova Zembla ka¥ Saronno Laz
aa1l1 1 1%im Aa L. pr/mulmum var. burman/cum
Tnadsziiuaneoy fall mwmmmmumum
TAuAUAUDIABNUINLIN TUNATRIABNLASTRARN
anan anuunenmedl Aund e luwazenaly
AruanlusafAu ANATUNIUTALAZLNAY LAY
AU FUA KT L AN INUIAR BN LATANE
aruaulasiulonvesdd Inads Feulgen squash
mw%umumm Dyer (1979) waz Nachaisin (2016)
Tnefnenanfmunzanlunisfufaesiesn
°]]"J\1L'm’1‘171|LMN’]Z@NI%ﬂ’]?M&!@Qx‘]%‘WLﬁﬁ@@rﬁ%‘ﬂ’]
Tudiuiled e 19 lunsfneudluansind

(8-hydroxyquinoline) taneanisuiistaadsaley

agTuszazuma v lingounRilszannu 15- 18 °C

WKW 4 -6 F2lu9 wazugAnIvinauTeITas

(fixation) wanlunseeantisaasdealaaldngm
lalnspaasn Avndudu 1 uefuaanguugil 60 'C
v ad X4
wazsraznaInIdandniuuncanilaltaninu
1 % & v ¥ a dall di

nstaanilvmasuaadandlealuaisazany
lacto-propionic orcein w2t lAn®E wazsiuanuan
Taslulanldndesaanseml

AHNAINITO LUNITHANAILDY LASNITRANTIN
URIRA
AnEANaIN130 TUNITNANFDLEY uAY
NINANTINTBIRANY 8 A8 UG uaz 1 1la tag
HANFDLEY wazkaNTINLLLARUNaUNTUNgNDIRA
o aa ad o o‘d’l A '
Aanan AANIYNN uasAaNugANUEeY tneTuusay
ANANTIINITHANDE19UBY 3 AN NITNANGAILDY
o Aaal a o & a

warNaANdINNATNIETINARN AYH N9FTENARN
wlWug lwennenii A nanysol Inananaieag
Tuszazaanunu uslunstinanduneunanuusias
Fanasnadaan uazaguaanlinauiaasi
NNFUANAI09 uAonaNd 18 WanaNaTanguAan
WatasiusnansuduuazuNaiuIgaean
Tnanannasludoadn naziendlidfanszans
AaunamTENABNNORULE AanwaRugnaenuIy

v ) o ¥ v ¥ A ldgj
wdq danndnnasnagean waaldisnunzset
ALULDANATNALHUTDIFULNAUE NTUANINAS
M1 11uT994981 8.00 - 10.00 W. NAIAINHANINEAS

= 2 a 4 o oA . o
wiaudn Antlnede TunnTednan tazduinay
Faiuiindaya lHun AMuINABNTININITHAN A9
AANTANANAN ANUUNAAT IHEadn dn3In196 A
tn (1efidus) ansn1seanaaatan (\Wasidus)
wazaawiun ldlunnseen

WHANIsN m@mumﬁminﬁ

NSANEINNRUFIUINEN
msﬁﬂmmqﬁmyummmuﬂi:ﬂﬂu
219984 8 A8 UG uazdatn 1 98in Tnauiin
y . v o a « 4 o .
doyaluseasing 7 2 unAuInANAuA LN
ﬁﬂwmzwﬁqﬁmgﬁuﬁwmmmﬁﬁﬁmmumﬂﬁmﬁu
F2 v = = v 1 U d’ aa
NP ULDYATIUTH U 1aun ATNGIAY TIRA
n3en AARAAEN LarAALN HAdNgauansig
A1 anwouzly dAnEzAan wardaananfiaanaan
(Table 1) @A8AARBIALINENULBY Lim et al. (2014a)
ﬁﬂﬂwiﬁnmmm‘wmnumﬁmqz&”mim?mﬁwm
Lilium tsingtauense (Korean wheel lily) ﬁ @g[’lu

seIntNANI9AaUlAI9999811 (Chung san) liauds
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nTasA (Seorak) N1unila l8vinn194199934

U
v

719 16 WAl szmna wusn ﬁmgmﬁmwmﬁﬁ
WAATINA (species) NAnNEEMANTLIULARZULUAS
WANFNNAY

ANNENLUNZANR NS UNTAN B LA IN DN LD
aa wazanululaglulau
natimanzanlunisfiusaasinen

mﬂm‘uﬁuﬁqmjwﬂmmﬁﬂnﬂ%‘ﬁm
9;1”“\‘11,1,[5]' 5.00, 6.00, 7.00, 8.00, 9.00, 10.00 waz 11.00 U.
wuda fedredatasindifiugasiand 8.00 u.
faurngadfiudeialuszaziunawlauannd,
danssnifuludaeiaaniy 9 uazannnisify
Aaetnslatesinyn 15 uNTiRaus 8.00, 8.15, 8.30,
8.45 uay 9.00 nud1 fratelanasniifiugas
1981 8.15 U, :ﬁmwmz%ummim‘ﬂuiwmnﬁ@m
(Tayaluiuan)

Frsnamanzaslumsveasinisag

annnaiuatnaanesniingn 8.15 u.

wAorndaetwlanesnug A Tniaas uansazane

8-hydroxyquinoline A2 uLdNd Y 0.002 Tuans wu
4,8, 12 uay 24 9Tu4 NIINEANTNLIAR U 8
uay 24 Foluslaiunnsineiu uidlewBaudaudu
4 unz 12 $9lia wudn 8 uay 24 daTug e1aliiesann
ansazanefldlunsugaasiwiaadiguaus
Tunnsfudaninfaduloadudia v luns
TastuTaunszanaanialumad Taslulouvady
uaznszangfoatNisaneiuglielasiulanls
Fataundn 4 uay 12 49lue ielszudananlu
nnsAnelaslulnuingn 8 faluadafiasnaginiy
NNINYANTNITAS
nanlunnseiesiisas

AINNI9IRUALeLNUaasINRan 8.15 U.
WEANTWLT AR U 8 Falus udndesmiiagadias
nealalnsAaesnANNIdNd 1 uasuea 5 1991940
AB 1,2, 3, 4 LAY 5 W U9 nMselesiama RNy
5 uniidanalfimadlatenuaneanidumadife
uazaannIdeuiuiuresadldfindidasiaaniu y

o aa
32IZNANNNTEANA NN ZAN
AN UA9eE 19l anesInNan 8.15 .
WY ANTNIEATUIW 8 Tolng daamivgaaias
HCI 111 5 WA WAQEaNA 1Wunan 5, 10, 15 kay 20
a 1 1 = a dd‘ =
W Wuda Nndaaarinisindniasiulaunnin
o = a a a v o
N9aNauw 5 w1 eslulaumad dudaauLay
ldnantiasngn
arnnsaTaatuaulIniastulanluigas
1anesnaanae3an13n lmaNnnNIsANEIY9 4 Tunat
AaLfiuAaat19Ua1899N19a7 8.15 W. UEAITN
Wiad 8 921N tasilaugassag HCl W11 5 Wl
WA ANAWIY 5 WA AU 20 ARARANEWUE

W31 Buzzer, Tiny Bee, Tiny Invader, Tiny Rocket
uaz aatl Fanuaulasiuloudu 2n = 24 Nashville,
Nova Zembla uaz Saronno Hanuaulasiulouiiu
2n = 36 LAY Caesars Palace #auaulasluloy
2n = 48 (Figure 1) 398ANNABAAZRITUIENLTR
Zhang et al. (2018) ﬁﬂm@uﬂmu Lilium pumilum
DC. x ‘Brunello’ 4 L. pumilum fiaruaulaslulay
WAL 2n =2x = 24 Uag Asiatic lily cultivar ‘Brunello’
Hanuaulaslulauwiniy 2n = 4x = 48 lagnuan

v
o

NN 4 51 waziiaun lUAnwmaasnewa iy

o

anuaulaslulonresgnuansis 4 fu wudi gnuaw

33

719 4 Harusulasiulanindy 2n = 3x = 36 Insg
Wil triploid WumiTunaz1fuga Sn19inun
I lunisdfudpeanaiudiiiu s du wnely
(NeSmith and Duval, 2001) 1A% A9 8T W1
ﬁlﬂﬂLWﬂNIu@@ triploid ﬂ@ﬁﬂﬁ@\‘m‘uwﬂﬁ triploid
Au 7 2¢191sinNAR triploid arunsnRaziuu-
WWD?L@LN@N@MHU@@ diploid R tetraploid ko
@%’N@IﬂﬁLﬂu aneuploid (Barba-Gonzalez et al.,
2006; Lim et al., 2003; Xi et al., 2015; Xie et al.,
2010; Zhou et al., 2011, 2014)
nafiTuAavaiaiiAanssunisut st ad
FuuAndneiy AannanTeniileld e duiudnen
IasTulan209Ra daananlunisifiudaeenatlans-
PNTMLNTaN ABIaNTadn (8.15 1) FeAdnaAR
AT 7 iU druunlen @esdnuaa ndaeld-
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Figure 1. Chromosome number of 8 varieties and one species; (A) Buzzer 2n = 24, (B) Tiny Bee 2n = 24, (C)
Tiny Invader 2n = 24, (D) Tiny Rocket 2n = 24, (E) Caesars Palace 2n = 48, (F) Nashville 2n = 36,
(G) Nova Zembla 2n = 36, (H) Saronno 2n = 36, and (I) Wild lily 2n = 24 (Scale bar = 50 pm)

asindu uazdaTiia Asiatic lily Fannsifinsaetng
#1aan 9.30, 7.00, 8.00 wazniay 8.00 1. AKATNL
(Buathong and Suwanthada, 2008; Fupunya and
Suwanthada, 2008; Sukkasem, 2007; Islam etal., 2020)

ANAINNTO LUNSHANADILATNITHANT N
NNIHANADIUATHANTINIBIRANTTD
4 @naWug AREAADN 4 ANURUE UAaZAALN Wudn
NINANFAILAITAIRARAAAN AANTLDNN LAZAATL
e 9dansznneaaWus Buzzer wazdanilai
arunsnnanatasls ddmnsnnsfadn 87uas
33% AINANAU (Table 2) N1TNANTINIEUIN9AA 8
aneiug uazdain 1 aila LULWL UM AT A
72 fuan Wud1 nsRandIusEud19Ransyned 9
Auguilannnsnfnidnle e Buzzer x Tiny Bee,

Tiny Invader x Tiny Bee, Tiny Invader x Tiny Rocket,

Buzzer x Tiny Invader, Buzzer x Tiny Rocket, Tiny
Invader x Buzzer, Tiny Bee x Tiny Invader, Tiny Bee
x Buzzer wag Tiny Bee x Tiny Rocket AL U791
n1gAALN 100, 100, 100, 95, 95, 93, 79, 75 LAY 60 %
ANNANAL (Table 3) Inel Buzzer, Tiny Bee wae Tiny
Invader anunsn i ifluiananazuadld nanandny
szudneAaraneni 1 guaniiarunsnfndnld Ae
Nashville x Caesars Palace Anlugmns1n1sAnen
88 % (Table 3) #9UN1TNANT1NIZNI1NAANTZAN
wazAaFananil 4 guaniianunsnfndnld A Tiny
Invader x Caesars Palace, Buzzer x Nova Zembila,
Buzzer x Caesars Palace a Buzzer x Saronno A
Wudmnan1sAadn 20, 11, 10 WAT 7% ANNAA L
(Table 3) NNFNANTINILUINAARAADNLALAR
neznnadl 6 Auanfiarunsnfndnld Aa Caesars

Palace x Buzzer, Caesars Palace x Tiny Bee,
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Table 2. Number of capsules and germination percentage of self-pollinated derived from 8 lily varieties and

one wild species

Varieties Number of

(chromosome number)  pollinated flowers

Number of

seed pods (%)

Fruit set Number of Seed

seed per pod germination (%)

Potted lily

1. Buzzer (24) 30
Species

2. Lilium primulinum Baker 3

var. burmanicum (24)

87 263 52

33 219 86

Nashville x Tiny Bee, Nashville x Buzzer, Caesars
Palace x Tiny Rocket LLag Nashville x Tiny Rocket
Aalludnsnissaiin 100, 100, 100, 95, 92 LAz 88 %
AINANAL (Table 3) Ime Nashville Was Caesars
Palace Il uusiWuglAn uaznisuandinszmning
aa aa o o aa A ! a
aaNIzn1N RAAAAANAUAALNH 5 AnanfiaInigm
Andnls Ae Tiny Invader x ad1ln, adtln x Buzzer,
aa1ln x Tiny Invader, Buzzer x adtl1, waz Tiny
Rocket x aat1 Amdudmsinisiniln 65, 40, 33,
15 Ua 4% MNANAL (Table 3)
o aa a & o A

nsudNAqeIadaannlulaLiiesann
WaNAUABNUIUINAINIADIINANFaNHaNAUT

aaa = i’/ v aa a‘lﬂl A o
wazlnyHadn anviedelalulninuileudu
(Sayampol, 2000) €3UA1EWUEEU ] HANAILD
3R (self -incompatible) 81aLiATULHAIRN NN -
Wuginisafeasuatiniunndeunlaneings
WAL LN UEIN199BNTINAaALI0Y WTBNTN
nasmAguazinasnai s ldainnsonanwug i
ansuznnanldfand1Ayuazinis@neiunn
& a % a vy o
paNIINATINAR LAz INATIN AN s TuF IR 9T

A Aaa s A o o | a

wrannalwnwuleudunanduldfia unann
N3xUINN1998n284 pollen tube llaunianisujans
Aanulidanugnd wiailu 2 szuu Ae heteromorphic
system Wa e homomorphic system %QQHLL‘Limﬂﬂ
Wudn 2 szuvdesda gametophytic system LAz
sporophytic system (Krasaechai, 1990; Sayampol,

2000) u@nmnﬁfqmuqﬁﬁqamnlmwdwﬁ
v‘hmwmuﬁﬂ%zﬁwaiﬁ’mmwLiﬂélﬁm'sﬁ/uiﬁ
ian ilesanngung figeazidsldAanisssime
vasiilansaeninanine il zﬁ'am@lﬁmaﬁmn
vuzeanasnalelianunsogaduaaind
anuFnuananald amnlinasasyliaiunm
98nls (Krasaechai, 2004) Lareafsneanwan Lilium
longiflorum gnldlunnsAnunszuunisdniulals
TuitgafiaRaofuilesanansnareaun i inlns
(gametophytic self - incompatibility) LI WA AL
Petunia (Linskens and Tupy, 1966) waz Nicotiana
(Bredemeijre, 1976) “aanLIng1as L. longiflorum
cv. Hinomoto gl AN 3w uIA e luiai1ugings
Al dszanns 20 Faluandaannnisnauates
VuRautnIesuenNasINALT Y uargnEFaNdn
nansaiedlild waRiatuneluiefuginas
i eilasann pollen tube WEIANITWEN WA TN
mnwluaed stylar canal 1714 pollen tube Td@nunsn
@4 sperm nucleus a4l uanN iy egg nucleus 1o
(Hiratsuka et al., 1983; Tezuka, 1990; Tezuka et al.,
1993) LATNITNANTIHULLARUND LN IENIN9AA-
nsznne aamnaan wazdatdelianudaannang
91891147 gametes 189gNWANRA Oriental x
Trumpet (OT) ¥nazilundunsaiil gametes U981
A pauanyTalanunsnaaradduiuginade
2n'l& (Luo et al., 2013) Anafimanuaanadeeiy
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Table 3. Capsule and germination percentage of crosses and reciprocal crosses within potted, cut flower

groups and species as well as between groups and species

Female parent Male parent Number of - Number Fruit set Number Seed
pollinated of seed of seed  germination
(chromosome number) (chromosome number) o
flowers pods per pod (%)
Potted lily
1. Buzzer (24) Tiny Bee (24) 15 15 100 266 45
2. Buzzer (24) Tiny Invader (24) 21 20 95 252 46
3. Buzzer (24) Tiny Rocket (24) 21 20 95 239 73
4. Tiny Bee (24) Buzzer (24) 16 12 75 285 27
5. Tiny Bee (24) Tiny Invader (24) 19 15 79 283 35
6. Tiny Bee (24) Tiny Rocket (24) 15 9 60 257 22
7. Tiny Invader (24) Buzzer (24) 15 14 93 350 79
8. Tiny Invader (24) Tiny Bee (24) 19 19 100 354 61
9. Tiny Invader (24) Tiny Rocket (24) 17 17 100 366 53
Cut flower lily
10. Nashville (36) Caesars Palace (48) 8 7 88 313 32
Potted lily and cut flower lily
11. Buzzer (24) Caesars Palace (48) 10 1 10 192 27
12. Buzzer (24) Nova Zembla (36) 9 1 11 82 -
13. Buzzer (24) Saronno (36) 15 1 7 169 -
14. Tiny Invader (24) Caesars Palace (48) 20 4 20 156 -
Cut flower lily and potted lily
15. Caesars Palace (48) Buzzer (24) 10 10 100 242 18
16. Caesars Palace (48) Tiny Bee (24) 11 11 100 253 -
17. Caesars Palace (48) Tiny Rocket (24) 13 12 92 275 -
18. Nashville (36) Buzzer (24) 20 19 95 366 5
19. Nashville (36) Tiny Bee (24) 15 15 100 372 8
20. Nashville (36) Tiny Rocket (24) 17 15 88 364 -
Potted lily, cut flower lily, and wild lily
21. wild lily (24) Buzzer (24) 5 2 40 258 71
22. wild lily (24) Tiny Invader (24) 3 1 33 325 -
23. Buzzer (24) wild lily (24) 13 2 15 104 50
24, Tiny Invader (24) wild lily (24) 20 13 65 165 -
25. Tiny Rocket (24) wild lily (24) 28 1 4 234 -

- No germination due to contamination after culture

Data of cross without seed did not show in this table



a,m FIUANENUATANNAINNSD IUNTHANTIN
FEWINARANADNUASARNTZON

F18N1ULBRY Angumnuysiri and Sahavacharin (1991)
WU NsnaNdINEnd AL A TAN R U
v o v a =3 1
n9A1 vinlinsiadnuazimanldanysniluung
Auan 59laliannsawmun lidudnuasfiniuga
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165 uwadndniaasnyiiulnd unideneuiusl
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¥ ) yaa o v 1 2% 1
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Tifudnuazinén
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k% 4‘ % 1o 5 v dl
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a é’ 1 % o 4‘ =3 ¥
1a9naniinluldnFan iy ﬁﬂluﬂﬁ?LﬂULﬂﬂi‘LWﬁa

Faravinlfinandenanindsuasanisindn
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Figure 2. Example of lily fruit derived from different crosses (

1|

@@ 14 (=3
1asi i uANISIANUTRIUNAR
WAANIFAINNITRNANFAILBILATNANT1H
Wudn Ausnansedneglugae 82 - 372 Luédn
KAZNITIBNTYBINITHANALBIUDIAANIZNN AA
Aanan uaraativanas 1 anaWug Ae Buzzer waz
a A aa v 1 £
19im Aa A1 nsnandua1alunguuazdu
ﬂfojuLLuumﬁqumﬁumﬁam:mq ARFAAAN LAY
ada 1 dl v a & @ 3 1
aatlnu 16 ﬂmmum@ﬂim Nefidusinnseenes
‘Lumq 5-79 % (Table 3) ‘Lummmmmﬂmm
au 7 ldwunisean 738 anaifiesainiudnaia
daliouiay mmﬂuwmm (Flgure 2) mjummnu
mmzﬁumLfawmmumwﬂwuﬁwumu Ainnanan
ANn0AA Ul wAdnTiAna NN sanFaLesla
ldreuiaswmundudnuiwazinisaansfaues
I Ay, DA I .
WatieldaaulinounasWmuniumsnnanysal
(Sudsanguan and Suwanthada, 2001)

AurUlAsTalgNARAMNEINITA M UNITHANTN
nanandNszdenguaedaiun1Na
4189211199 8A (interspecific hybridization) Wl
Y ° = v o oA
wasannantuaniasiulguiminulndiAeeiuise

) Buzzer x Tiny Rocket, fruit developed well

and had good seed viability, (B) Buzzer x Saronno, fruit could develop but seed had no embryo,

(C) Tiny Rocket x Buzzer, undeveloped fruit, (D) seed without embryo, (E) viable seed and (F)

germinated hybrid plant
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Winfuganusananiuwiale 1wu lunsiiaesda
NTLNNAUARNILANY LAYAANTZONNT AR
arnnsnnaniuia e ausulasiulanaesdangy
Afiduaumnfu Aein 9 len anaudauduld
Tmiuiénu@.ﬂNmu%‘ﬁlu‘ﬂw:ﬁu@ﬂﬂﬁ arun90’le
Fufinansedldedreanysaluazuanudald
aeiN98492 (Klakhaeng, 2019) Lwiﬁﬁuwﬁjmmﬁ'isi
gunsonandnld luansisiuaulasly e
aasmnanisrusulaslulauinanndndanszang
wazdat Wiulddnflunsdnaniiarnsanantiuiin
16 111 Tunslaea Caesars Palace (4x) x Buzzer
(2x), Nashville (3x) x Buzzer (2x) az Nashville (3x)
x Tiny Bee (2x) \lusu luntenauniu Nashville (3x)
x Caesars Palace (4x) Lae Buzzer (2x) x Caesars
Palace (4x) mmmmmmiﬂm (Table 3) F4fisneany
Jfleonandeidin 2 alanilauaulasiuloy
wans1eiu n1sdfausdnazdszaunangniia
dldwadedudrefifisauaulaslulongendn
FILINUNTNANTENINN Solanum tuberosum (4x)
uaz S. phureja (2x) lugawan ANHANTTAgB UL
Aa'ld Medicago sativa wmnsinaeesmiduwd du
M. falcata T uAnaes (4% % 2X) WAZNITHAN LN
AluAnaessFuneddumnanaas s (2x x 4x)
Vlﬁ’@‘ﬂ‘ﬁlLﬂuVﬁ‘W@’aﬂﬂrﬁ’mﬂ%‘N@MLL‘LI‘]_ILLﬁ‘ﬂN’mﬂ'J"}
WULUAY WAZQNINNITNABLAAINNITHAN UL L
PANNINNLLULIN (Ledingham, 1940) ilegann

Waldudufnaesddl lantanlfimadduwug

Husnasss@ainainlasiuloyliugnaananniu
llefadaimaiBannsziaun s non - disjunction
Lm@@rﬁuﬁ/uﬁ:‘ﬁl 18138 n 91 unreduced gamete
(Sangduen, 2008)
ANTANHIAMNAINTNIUNITNANFA LD
waznaNdNszudeateWug dgiuinen

d9uUIznausg 7 189 AAUASIIARRULANART

A = o o =®

Ae an1nzmnnzand niunsdns lnsiulonges
aa o A U v & ~
a8 wazanuanlastulan e lilideyanugiun
ANNNInFatangNIWEMWIAR A aNLE sl luauas
sl
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@51

Q

aada

A g1uinen1esdaiANLANA 19
Taun AoNgedu anwesiu anwusly dnmwue
ABN LAZTISIANTBBNABN NANHINTTHANFLEY
WOIRANTLDW 4 ANERUS RARAADN 4 A18WUT AL
aath (Lilium primulinum Baker var. burmaniacum
Stearn) W41 NNINANF2L0E Buzzer LazAatn 7
gaunsnfndnle nnsuand1usEndnesdanszaell
Buzzer x Tiny Bee, Tiny Invader x Tiny Bee, Tiny
Invader x Tiny Rocket, Buzzer x Tiny Invader,
Buzzer x Tiny Rocket, Tiny Invader x Buzzer, Tiny
Bee x Tiny Invader, Tiny Bee x Buzzer a8 & Tiny
Bee x Tiny Rocket idnunsndninld uanainiinis
NANTINTENIN9RARARENT Nashville x Caesars
Palace A&xnsAndn e uaznsnandnsTineAa
nNIEnNLATAaRAABNH Tiny Invader x Caesars
Palace, Buzzer x Nova Zembla, Buzzer x Caesars
Palace WA Y Buzzer x Saronno WAZN1TNAN T
SENTNARANABNAUAANIZN NN ANAN Caesars
Palace x Buzzer, Caesars Palace x Tiny Bee,
Nashville x Tiny Bee, Nashville x Buzzer, Caesars
Palace x Tiny Rocket WazNashville x Tiny Rocket‘?‘ll
ananiadnld gainenisuandinszudne Aann
panfuaatNguan Tiny Invader x aatl, Aan x
Buzzer, aatln x Tiny Invader, Buzzer x aatln, way
Tiny Rocket x a1 fignunsafindnld uazaangs
nazaneiRAnanwanansniluuiug e fe Buzzer,
Tiny Invader WAz Tiny Rocket AauAAnNguaAnnan
fianusnuduudsiugly Ae Caesars Palace uas
Nashville N1399N98910 & A7 IE AN N1IHENF 104
LAYNANTIN WU LAAAINNITHANA LAY
AR9ON 1 A8WUE Ae Buzzer waz 1 18n A Aa1
nsuandinnelunguuazdiNnguuLLaduNa L
299IRANGNNITNNN AANGUAAAEN LazAFL Ny
16 Auanfianansnsanls

arnnigatatiuauulpslulsnaaTag
Uana3naagaeiznasildainnisinuis 4
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fumeu Aeiiufetaangsniaan 8.15 . nen
asiwiad 8 Falus tasutamadaag HCl w1 5
T AR BNAUIN 5 UIT AU 20 LIAR WA
Buzzer, Tiny Bee, Tiny Invader, Tiny Rocket, WAZAA
117 Aauaulasiulaude 2n = 24 way Nashville,
Nova Zembla wa e Saronno Ha1uqulasiulau iy
2n = 36 WAz Caesars Palace Nanuanlasluloaiiu
2n =48

naRAnssNUsznA

2990 UAMANTHITLINHATNAIE19219
yatiilasanisuans enenne dandmdaalnd
waresiAn194359 M1 a12139 01691 A A
Agngranfuazlgiaians AnzineasAtans

Ao oo g o -
aanendedesud Neemasniui uazgunsnd
AFNNanneuddeluaiall
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Selection of Self-incompatibility Maternal Line for

Leaf Mustard Hybrid Improvement
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Abstract: Leaf mustard seed cannot be produced in Thailand therefore, all seeds have been imported for
pickled leaf mustard factories. The development of hybrid varieties is, however, possible through many
alternative means. Using the self-incompatible maternal line is one of the most popular methods for hybrid seed
production in Brassicaceae, this research aims at selecting the inbred line that is self-incompatibility to be used
as maternal line for hybrid seed production and evaluating the hybrids for satisfying the needs of the
manufacturers. The result showed that 40R-17, 2M-23, and 19H9-9 are in the weak - self-compatibility (WSI)
group. The evaluation of the six hybrids reveals that the cross of 19H16x2M-3(H6) produced a yield weight of
2,935 kg/rai and is significantly different from the parental lines. However, the head after trimming was larger
than the size required for processing. Meanwhile, the cross of 2M-23x40R-17(H4) produced 2,726 kg /rai in
yield weight which is not significantly different from the commercial varieties, the head weight of 342 g/head,
with 7.9 centimeters in length, and 8.0 centimeters in width. This combination is suitable for processing due to its
high yield weight, proper head size, as well as having appropriate solidity of the head. Moreover, it showed

positive heterosis in yield weight per rai and head shape index.

Keywords: Brassicaceae, leaf mustard, timming, solidity
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undnta: wiawuggnuantesdnniadalddeldiinmuananelulssmalng d aziu wini 4l
nsnansasdelsenuulaglinninnes asdumdaindiainsislszma nsuangnuananisannlsuane
3 wazmsldanenznsnandaedhiiaduaoiudulfiduandt it dmiundnmdaiuggnuaniu
fansdnzuan AdERiTRgUszadiedniden anaiuguiidanenenisnaniiediAnduanoiugus
A1MFUNIINAAUARRUTYN AN LL@:‘}J?:Lﬁuﬁuﬁgﬂmuﬁﬁﬁﬂwmzmmmmwwf’fmmmm‘mmu N
N13Us2lUNL91 40R - 17, 2M - 23 WAL 19H9 - 9 LﬂumwﬁuﬁﬁﬁmwmﬁqLm”l,m'ﬁmﬂmﬂmq n19tlssiiiu
WUSINAAWUSANUAN 6 AHNAN WLL ANaN 19H16x2M-3(H6) linanan 2,935 Alaniusials faumnsinetng
flpdrAynadanuanaiugnasazud adrslsinuauinlanaanisdausadaualunindnannusanig
g uiunisudesy lummxﬁ@jmmu OM-23x40R-17(H4) Wnanan 2,726 Alaniusials Gl WANGNALRUENN9AY
wazdlinminUandeiausawindu 342 nfusieUa Aruena1edd 7.9 uRiums uazAaundeTeaya
8.0 LIURLNAT EQLﬂw‘jmuﬁmmzz&’m%”umﬂmigﬂ Lﬁmmﬂﬁﬁmﬁﬂmmﬁmqq maeflunaesa uaz
ANILLAT W@ wiunsulssy BnideiAnaanisuresgnuanlududnens 1esnanansiels
wardatlaluniauan

° 'Y - ° o = = o ' ' =
ﬂ']ﬁ'\ﬂ L W‘ﬂ']\'lﬁﬂzﬁf‘]'] Nﬂﬂ']ﬁlmil']ﬂ@ NITRALLEIN ﬂrJqNLLuuT@\jﬂ@

unin anuugneuda Fenrsudadnniadiucdd
@ﬂmummmifamuqﬁﬁ?ﬁ memﬁmi@fanmfm

tTﬂmmLﬁmﬂﬁﬁ%ﬁmmm%%mgj Lmemmmemumdu@ﬂmnumﬂwuﬁwmm

Ay wziqﬂ@‘mwimﬁyuﬁ i Chinese mustard, wuwm‘lmmmuqunmmmwmuﬂuwumm
Indian mustard, brown mustard L8 leaf mustard i wazi Wu’qm‘is\l‘ﬁla (Nikornpun, 2001; Siyal, 2019)
GeAnunmA1ansin Brassica juncea L. var. rugosa dﬁﬂ%ﬂ@ﬁﬂﬁuﬁ:LLﬂﬁﬁﬁuﬁmamuﬁmﬁuﬁ:@,ﬂmmu
ot luaednzuan (Brassicaceae/Cruciferae) (BPGR, e ldanawuginannadidumsiu AT ANHLZ

1981) el duntalunensng usdaulugjgnlu nsudnsaesliFia ( (self-incompatibility: SI) ﬁmmu
ndedsuaziinislgnatneandsaananng ol gy woluigaesdneuan wasiainau CRIGT,

Ariueanauiaans1TuiglsraTuauLaTauAY v3lusaanannwaleldsaniuareasisngann
o = = A o A % o Ao o o o - o 0 v a a a A

fnnadendaidunamizldadminsiundmnudn Ay nisnanAves edesiuldliiianisdjausvse
unludszmAduae (Purseglove, 1968) LAAan NNINANLARATA LUANTIY 7 (inbreeding) AzB8TTY
NFHANTENINN black mustard (Brassica nigra,n = @ u1snsenuuganindsnailelsd iwszians
8B) 1 oilseed rape (Brassica campestris, n = 10A) £ Ffl’\'mw\‘i’aﬂmmu@@m@z'ﬂmw%‘u?mm%‘mm
Fanngnuaniilu B. juncea (n = 18, AB) (Chen et al., nasnAle lnganizdauilizandn papilae cell
2011) amfupulneBanuitnalaaiiuutleg WHATNIINTUATERIIYAINFANNAILWUEUTD
Wudnnianeddsn aead7eq warzu3lnagnting ansuan 7 e dndfudpeingasidnwueiiunld

ndder waaiuginnadeUandludaqiudy lunisdfulgeiugRadnesdnzusan (Kitashiba
Luﬁmﬁu‘ﬁiﬁn% Imﬂﬁm@mﬁm&%ﬂuﬁwqeﬁ@u and Nasrallah, 2014) n1suansiatallAnfinann
setlaliuy uazunstenenidaluanmenmiafey  Busuwdadeafiaeuaulng Slocus aandFAzen
dszmalnelidnisnanudniuginniadianla #13andn sporophytic self-incompatibility (SSI)
QNHAN desananinemaliivunzas uazanm n1sdsriluaneniznsnanaotellsn lui
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mMsAnRanulNUsANANEuzNTRANAILRslRA
WansUfudlgsnuginmadiasdfgnusu

asfnemangusonagayld 233 Ae nsnandy
Tunanuiuuaznangunialudananinaaiy
Aiareinalaatus uwn §nfianludn Fuis
aneznanmledllAnmAnaz lWRRIAINNNTHAN

Tunanuiu waRnwdananysallunengy 351
o ax 4 da e » o -
wWuwandgnisviandanldlunisdfud geniug

fAnn1mead nezwandd dnnaavia iudu doudn
FauileAentsAnminissantasvaenisny bu
Fruginannadle wasaniinasmed s l§ 5
nsuanwaanie’ls fluorescent microscope L‘WI@
dszifiuanaiugudinauiesifauazldiiu
GRENE IS OREERET RIS CREEE Faflud
fenannluilaqiiu iesannilauadinauerssang
Wug Wnanange uaziaonnmmuluyn o fau
(Nikornpun, 2001; Siyal, 2019) mmﬁtﬁummqnmu
wnnede gnuaniidannnisuansesan iUk
nslaau wlenisuandinaeeiaf fwugnesy
WANAN9AY %Q@Jﬂmuﬁu%mmﬁﬂwmw%
ANATNNIOFNG 7] fmiland e araazuansld
Tunnednwz wu Waandnigendaneuifie
aeaasaus A1 un1ulsn u3en1aazuansaan
wane o SNz iy gnuaniiiasuudn
Frunaulangs Ganaslddnmaizaaiuiid e
@uﬂmﬁuﬁ'mﬁ@ﬂd’]w"aLL;JSLuma?ﬂi”uﬂ;qﬁuﬁ Indian
mustard a8 ¥ rapeseed WL WAANANH DI LUD
nandnAelsmilendiveusitantauanuaznag
U (Dar et al., 2011) uﬂﬂmﬂf: F98nnsunanmoLY
Ao uilmilandievieududesiduly
ﬁmiwﬁmmmﬁmﬁuﬁ: waredAlsznaulea
HAKARE Lﬁlfaﬁ’]qﬂMmﬁ”\m@hfﬂﬂﬁiuﬂwmam
WARRUgIManIenisAn daufunisdssiiiu
ARIHALANTRIQNHANAINITDAT U AR ETT
Fafuauideiadidngdszasfiednidan
anevufulfildnemznisuandaielifio e
WaungneugEnniadaauagnuay iflanwouss
NNTAIU AIAINAINAIN1TTeals99 UL 93
Lmzﬂa‘:@umwﬁLﬁummqﬂmmuﬁmmmm
ANUNANAALATBIALTENBLUBIHANAR
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L4 aa
aUnsaluazinns

dgninnia@aatlaanswuguilugag
WauHUIANDINGHNIAN W.A. 2562 LD KA
WAARUTANHANTIN T AINNITHANLLUNY
Aunun uddsziludneoiznandaieslisn
A4 o oA v o e o o 9y o &
WadAnrenfuiugnmn s wiu il uaneiug

a
-

udlun suanARRuggNNAN INTINARAE NG
WinauazudRUEa1UIN 6 ar8Wug LAun 40R-2,
40R-17,2M-3, 2M-23, 19H9-9 Lay 19H16 %xﬁﬁ
fnwuzddnan vedduiu uazlnandafia Wy
aeugTignAniAanunann pedigree method Ime
909ANAAINAN3E A9.NUERT UNaug 43iAniATen
WA AEINEATANAAT Nunanededaaluy
Al w.a. 2528 auarTaqiiu luntsmaaesiildin
wanuwnglisanudanseruliunidananaas
g fianlazunns 5- 10 'Curw 14 51 uazdne
Ugnluiasnruauguni 20 + 3 C lWuasaniaen
Wgaaisaimus AudHN 9,000 and naan 24 Falas
Lﬁ@ﬁuﬁmqﬂi:mm 4 -5 dUnvinaelgn Yszidiu
nsuassaLethifia auAanns

1. N1901UATRRUIABNANLATABN LY
AelutelAeani (seed set analysis) (Opena et al.,
1988) HANTEHTABNANULATABNUIBN1E I UT 2
Weaiu mseNTenan 3-4gasasu lAnnan
Uit elsinan AQNAREDINTEANE 3 TU ANty
dnaazesvsnylaalddaunzinasdogdainaanuiu
luduthgaiuliiunenguuarANUIUeEINAL
win 7 fu sesdudnnimdoaddiungdanen
arniluld runsugmduiniesnunaszudng
panguuATAaNUIUfdIuazeedsny luusiaz
danan Lﬁ'@ﬁmm'ffmlﬁumﬁmﬁuﬁ (Figure 1)
HUNNTay A UIUNITAALNAN LATHINIAITWI DL
wafiiudnisdsziliunisfniuan (seed set
analysis) Y138 §R314UN1IAALNAR (seed set ratio)
giail

Seed from open flower

Seed set analysis (%) =
Seed from flower bud
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i

Flower bud

Flower bloom

Figure 1. Seed set derived from different stage of flower, seed set in green mature pod (A) and dry pod (B)

1finauainnslsyiiunes Kokubun et al. (2006)

NITHANFAILANFA (strong self-compatible:
SSC) AALEaNANng 90 % T4l

NNTNANAILRIFAUNUN AN (weak self-
compatibility: WSC) RALAARIUA 50.01 - 90 %

AsuANAedlLRALUNAN (weak self-
incompatible: WSI) AALAARS 10 - 499 %

NIsHaNFataaldf e (strong self-
incompatible: SSI) AAAATAENIT 10 %

2. UTZIHUNT9ENURINARAATDBILTTY
TuAn UELNATINA Vi ¢l (fluorescent microscope
technique) mm@ﬂ’u@:@mLimﬁmmm:u@@mi%
'171'L@?‘tym“luﬁmmmmmﬁmmmﬂmu Waiin
wAsulefidus mMu3En132199 Kho and Baer
(1968)

mmmu&Tqmﬂum@ﬂmuwummLm&yﬁ
AuginasinAlle 0-29.9 % Aa naxsasllfn
(SSI)

mmmu&Tfsl,mlum@ﬂmuwum@mL:mﬁ
Augnasinelile 30 - 49.9 % Aa nansaee iz
unag (WSI)
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AugLNasINALEY 100 % Af HANFALFA (SSC)
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Table 1. Seed set analysis and fluorescent microscope technique result

Seed set analysis Fluorescent microscope technique
Female Male Number of seed per pod Seed set (%)  Evaluation' Germination of Evaluation
Flower bud  Flower bloom pollen tubes (%)
40R-2 40R-2 12.0 10.2 85.0 WSC 92.9 WSC
40R-2 40R-17 114 9.2 80.7 WSC 82.4 WSC
40R-2 2M-3 12.0 9.2 76.7 WSC 93.8 WSC
40R-2 2M-23 14.0 6.4 45.7 WSI 744 WSI
40R-2 19H9-9 11.8 10.6 89.8 WSC 100.0 WSC
40R-2 19H16 12.2 11.8 96.7 SSC 100.0 SSC
40R-17 40R-17 12.2 5.4 44.3 WSI 93.2 WSI
40R-17 40R-2 12.2 8.6 70.5 WSC 100.0 SSC
40R-17 2M-3 12.6 6.0 47.6 WSI 67.7 WSl
40R-17 2M-23 11.0 9.6 87.3 WSsC 87.1 WSC
40R-17 19H9-9 11.6 11.2 96.6 SSC 83.3 WSC
40R-17 19H16 1.6 10.6 91.4 SSC 100.0 SSC
2M-3 2M-3 104 8.0 76.9 WSC 85.2 WSC
2M-3 40R-2 12.2 8.4 68.9 WSC 100.0 WSC
2M-3 40R-17 13.2 11.0 83.3 WSC 100.0 SSC
2M-3 2M-23 13.0 8.8 67.7 WSC 100.0 WSC
2M-3 19H9-9 14.2 8.6 60.6 WSC 90.3 WSl
2M-3 19H16 12.0 10.6 88.3 WSC 100.0 SSC
2M-23 2M-23 11.2 10.6 94.6 SSC 58.1 WSI
2M-23 40R-2 13.8 9.2 66.7 WSC 64.3 WSI
2M-23 40R-17 12.6 6.2 49.2 WslI 100.0 SSC
2M-23 2M-3 15.2 7.2 47.4 WSI 87.9 WSC
2M-23 19H9-9 10.0 9.4 94.0 SSC 100.0 WSC
2M-23 19H16 14.8 6.4 43.2 WslI 75.6 WSI
19H9-9 19H9-9 11.6 10.6 91.4 SSC 100.0 SSC
19H9-9 40R-2 12.2 6.8 55.7 WSC 100.0 WSC
19H9-9 40R-17 13.0 8.6 66.2 WSC 60.0 WSC
19H9-9 2M-3 124 10.8 87.1 WSC 89.5 WSC
19H9-9 2M-23 1.2 8.0 714 WSC 85.7 WSC
19H9-9 19H16 12.2 9.6 78.7 WSC 941 WSC
19H16 19H16 13.0 9.6 73.8 WSC 100.0 WSC
19H16 40R-2 11.0 10.8 98.2 SSC 100.0 WSC
19H16 40R-17 11.8 11.6 98.3 SSC 100.0 WSC
19H16 2M-3 13.8 5.6 40.6 WSI 66.7 WSI
19H16 2M-23 11.8 9.2 78.0 WSC 88.9 WSC
19H16 19H9-9 14.0 9.8 70.0 WSC 100.0 WSC

'strong self - compatible (SSC), weak self - compatibility (WSC), weak self - incompatible (WSI), very weak self-incompatibility (VWSI) by
Kho and Baer (1968) and Kokubun et al. (2006)
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Figure 2. Fluorescence microscope technique of pistil stained with aniline blue (A) flower bloom and (B).

open flower

Table 2. Yield and yield components of leaf mustard parental lines and F, hybrid

Head weight (g) Solidity of Head shape (cm)
Variety —— o Yield' Trimming' head? Hsr®
e o (kg /rai) (%) (g/cm®) Length  Width
trimming  trimming

Parental lines
40R-2 772 367 2,902%° 47.6% 0.8™ 7.5%%° 83  1.1°°
40R-17 723 306"° 2,202% 425 0.9%¢ 7.8% 85  0.9°
2M-23 752 380° 2,899™° 50.9° 0.9%¢ 7.9%%¢ 85  0.9°
19H16 765 306" 2,3357° 39.8° 1.1% 7.9%° 82  09%
2M-3 760 377° 3,027° 50.8° 0.7° 7.2° 73 1.0
F, Hybrids
H1 881 340™° 2,856 %° 40.0° 0.9% 9.7 86  1.1°
H2 766 284° 2,048° 37.7° 1.3° 8.1°% 78 1.0™
H3 896 391° 2,874%° 44.0%° 0.9%¢ 9.4%° 83  1.1°
H4 822 342%° 2,726%° 424" 0.9° 7.9%% 8.0 1.0°°
H5 848 343" 2,899™° 41.0” 1.0° 8.4 85  1.0°
H6 826 352 2,935% 43.4> 1.0° 87 80  1.1%
Commercial
S1 723 306"° 2,202% 425 0.9% 7.8% 85  1.1°°
£ tost ns ox o o . . hs
C.V. (%) 8.1 9.3 6.9 8.5 5.3 8.2 51 117

*** Mean within column with different letters different at P < 0.05, P < 0.01 according to least significant difference by DMRT

and ns = non-significant, respectively

1Peroentage of trimming = {(before trimming-after timming)/ before trimming} x 100

2Solidity of head = MHW / (0.524 d12d2) MHW = mean head weight, d1 = mean length of head, d2 = mean width of head

°Head shape index (HIS) = (Head length)/(Head width)
40R-2x2M-23 (H1), 40R-17x2M-3 (H2), 2M-23x40R-2 (H3), 2M-23x40R-17 (H4), 2M-23x19H16 (H5) and 19H16x2M-3 (H6)
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NN9M3IRARLNTTHANFILe IR A luENNA
@anid Inunisateazeaasnyluscaznanguuay
AANUILNNE IUTAR LT ULALNITNBNUDINAD A
azaaanlurinugnaswalls wWusn anewug 40R-
17, 2M-23 ua g 19H9-9 il uanaWugnan 1 snas
Fnla AR UNAN LA HANFLAIFA AL T8 e
o & o = dd‘ o a o a’lj
Wuginnimadaniiumeasuluauidus
AW uIa 1 awug Al WA, 2528 Anwue
299U 1U1AUR AZAINBULA A TNANILAND
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faiinsdssiluansrauzdnnindaqdaduiu g
Wuaraiuguilunisadriegnuan ineanussanu
lunsnaunasinal daauidudsntonldlunans
UszinA (Bahrain et al.,, 2017) AaNEHUZN1TRNA N
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(Claessen et al., 2019; Kaur et al., 2021) Tunnmaaag
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Table 3. Heterosis of yield and yield components in leaf mustard

Hybrids Before After Vield Trimming Solidity of Length Width of .
trimming trimming head of head head

H1 15.8* -94 -1.6 -19.6* 9.0 26.3** 24 13.9**
H2 3.3 -16.8* -21.6™ -19.1* 56.9** 8.3 -1.6 10.6**
H3 17.6** 4.7 -0.9 -10.6* 5.3 21.9** -1.1 13.7%
H4 11.5*% -0.1 6.9* -9.9 -5.3 1.0 -6.3 9.2
H5 11.9 -0.1 10.8* -9.5 -5.8 6.7 1.5 7.3
H6 9.0 2.6 12.1* -4.3 -5.9 10.0 4.4 17.4%*

*** Significantly different from its parents at P < 0.05 and P < 0.01 confidence levels,

respectively

% Heterosis = E - MP)/MP X 100, MP = mid-parent (Chen et al., 2003)
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Figure 3. Head shape of (A) female 2M- 23, (B) male parent 4OR-17 and (C) H4 (2M-23x40R-17) derived

from weak self-compatibility maternal line

23



M5A1TNAT 38(1): 15 - 25 (2565)

@51

Q

'
1A o

nsARLRaNANNUSUNNNAN B uEN1THaN
fareslifin SSnwasn1eigaiuiifdnsenia
A NARINITredlssuLlsgldnninnes uas
wrazduiunisaiiegnuan lnudszidiuann
NITAANAALAZNITIBNYBINABALIDY bA WT
a18Wug 40R-17, 2M-23 LAz 19H9-9 ﬁﬁluﬂuﬁuﬁ:
fftnsuausiaslifingunang

nisdsziliugnuanainusl Wugni
ANHENITNANAIELUAN NI URAKAR
anuaufilfuanangs uaziuualduia fe
19H16x2M-3 (H6), 2M-23x19H16 (H5), 2M-23x40R-
2 (H3), 40R-2x2M-23 (H1) uaz 2M-23x40R-17 (H4)
R BN (PN PR AT (TR JUTIREZ AT
nasudagd lun 40R-2x2M-23 (H1), 40R-17x2M-3
(H2), 2M-23x40R-17 (H4) ez 2M-23x19H16 (H5)
atjlutag 250 - 350 nFusaUA AN LUBLARAS
dnodaullda wudn gnuaniiaoinuidulauay
SsdauLlafivunzdmiunismes

L ) Sb

ANNALABLBIAN W RTENN AT 89U R
QNEAN WUIN @8R UTUNLATWOIDIgNNAN
2M-23x40R-17 (H4), 2M-23x19H16 (H5) L a ¢
19H16x2M-3 (H6) H uuaTiiufiAlunasinlwan
ﬁ@ﬂ@mﬁmﬁqumuLﬁmﬂuﬁmqﬁuﬁwﬁ
Tsaundszddnniamnesnsyilas deRansanann
NNANHUTIBIGNHAN 2M-23x40R-17 (H4) A
Iuauaniinfy 2,726 Alansusels fumina
WAIAALAINAY 342 nSuAald Auudupastd
0.9 wardmsdauaadla winiu 1.0 andugnuan
‘1‘7{mmzzﬁ’mﬁ*ummamLﬁ@mammia‘wul,t,ﬂigﬂ

naAnssNUsznA

10UAUAMANUNTTINTAIU NIATE N
NeAransuazdgiArans AuzinwnsAans
R LVEIRETIIC DIRNCEY ﬁiﬁ’mm@gmmm’
ﬁ@\iﬂﬁﬁﬁmiLLmﬁyu‘ﬁzi’mi"um:rﬁnwﬁ@"ﬂ WAz

24

1aUAMITURAINENAY Nnnananaedaslus {1
N138UL AU U

LANAISRN19D

Bahrain, A., M.A. Islam, M.S. Naher, A. Kakon
and M.M. Hossain. 2017. Investigation of
self-incompatibility in  mustard through
seed set analysis. Journal of Scientific
Achievements 2(5): 12-17.

Chen, S., M.N. Nelson, A.M. Chévre, E. Jenczewski,
Z. Li, A.S. Mason, J. Meng, J.A. Plummer,
A. Pradhan, KH.M. Siddique, R.J.
Snowdon, G. Yan, W. Zhou and W.A.
Cowling. 2011. Trigenomic bridges for
Brassica improvement. Critical Reviews
in Plant Sciences 30(6): 524-547.

Chen, X., W. Sorajjapinun, S. Reiwthongchum and
P. Srinives. 2003. Identification of parental
mungbean lines for production of hybrid
varieties. Chiang Mai University Journal of
Natural Sciences 2(2): 97-105.

Claessen, H., W. Keulemans, B.V. Poel and N.D.

2019.

partner: self-incompatibility in european

Storme. Finding a compatible
pear (Pyrus communis); molecular control,

genetic determination, and impact on
fertilization and fruit set. Frontiers in Plant
Science 10: 1-17.

Dar, Z.A., S.A. Wani, M.A. Wani, M. Gulzaffar, H.
Khan, M. Habib, Z. Ahmed and A.
Ishfaque. 2011. Heterosis and combining
ability analysis for seed vyield and its
attributes in Brassica rapa ssp. brown
sarson. Journal of Qilseed Brassica 2(1):

21-28.



mMsAnRanulNUsANANEuzNTRANAILRslRA
WansUfudlgsnuginmadiasdfgnusu

IBPGR. 1981. Family Cruciferae. International Board
for Plant Genetic Resources (IBPGR),
Rome. 49 p.

Kaur, S., R. Kumar, S. Kaur and V. Singh. 2021.
Combining ability for vyield and its
contributing characters in Indian mustard.
Journal of Oilseed Brassica 12(1): 32-37.

Kho, Y.O. and J. Baer. 1968. Observing pollen
tubes of fluorescence.
Euphytica 17: 298-302.

Kitashiba, H. and J.B. Nasrallah. 2014. Self-

incompatibility

by means

in Brassicaceae crops:
lessons for interspecific
Breeding Science 64(1): 23-37.
Kokubun, H., M. Nakano,
Watanabe, G. Hashimoto, E. Marchesi, L.
Bullrich, I.L. Basualdo, T. Kao and T. Ando.
2006. Distribution of self-compatible and

incompatibility.

T. Tsukamoto, H.

self-incompatible populations of Petunia
axillaris (Solanaceae) outside Uruguay.

Journal of Plant Research 119: 419-430.

Nikornpun, M. 2001. Cauliflower. Department of
Horticulture, Faculty of Agriculture, Chiang
Mai University, Chiang Mai. 208 p. (in Thai)
RT., C.G. Kuo and J.Y. Yoon. 1988.

Breeding and Seed Production of Chinese

Opena,

Cabbage in the Tropics and Subtropics.
Technical Bulletin No.17. Asian Vegetable

Research and Development Center
(AVRDC), Shanhua, Tainan. 92 p.
Purseglove, J.W. 1968.  Tropical  Crops:

Dicotylendons 1. Longmans, Green & Co.
Ltd., London. 332 p.
A.L. 2019. Hybrid seed production

methods & benefits. (Onling). Available:

Siyal, its
https://www.research gate.net/publication/
334973949_Hybrid_Seed_Production_lIts_
Methods_benefits (June 20, 2021).

25


https://www.research/




HATRI NN RRAzAULLLTI A AN TawuAFefjin Bacillus siamensis

1 [~ [ [ %
RFCD306 na F’lmﬂ']‘wLtﬂzﬂ'li'!ﬂ']il,ﬂ‘l_liﬂﬂ'ﬂlﬂ\'iN@@']‘lilwuhfﬂﬂ

Effects of Temperature and Bio-product Prototype from Antagonistic Bacteria,

Bacillus siamensis RFCD306, on Quality and Storage Life of Longan Fruit cv. Daw
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Abstract: The objective of this research was to examine the effects of temperature and bio - product (rice
starch-2 formulation) from Bacillus siamensis isolate RFCD306 (rate 0.5 g/100 ml) on quality and storage
life of longan fruit cv. Daw. The experimental design was a completely randomized design (CRD) with 6
treatments: T1) fruits were neither sprayed with water nor biocontrol product and stored at ambient
temperature (29.75+0.67 'C,66.75+0.82 % RH), T2) fruits were sprayed with water and stored at ambient
temperature (29.75 +0.67 C, 66.75+0.82 %RH), T3) fruits were sprayed with biocontrol product and stored at
ambient temperature (29.75 +0.67 'C,66.75+0.82 %RH), T4) fruits were neither sprayed with water nor
biocontrol product and stored at 15 'C and 75 % RH (15.06 £0.09 C, 73.38 +1.21 % RH), T5) fruits were
sprayed with water and stored at 15°C and 75 %RH (15.06 +0.09 C, 73.38 £1.21 %RH), and T6) fruits were
sprayed with bio-product and stored at 15 ‘Cand 75%RH (15.06+0.09 C, 73.38 +1.21 %RH) for 2 days. The
results showed that longan sprayed with biocontrol product and stored at 15 ‘C and 75% RH could reduce
fresh weight and pulp dry weight loss. Moreover, the treatment could slow down the off-odor, discoloration

of peel, and vitamin C contents. In addition, fruits sprayed with biocontrol product and stored at 15 ‘C
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and 75 %RH had the highest overall acceptability resulting in the longest shelf life of 13.20 + 0.49 days.
However, biocontrol product and storage temperature had no effect on peel dry weight and total soluble

solids of longan fruit.
Keywords: Quality, bio-product, storage life, longan fruit cv. Daw
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Table 1.

Effects of bio-product and storage temperatures on weight loss, peel dry weight and pulp dry weight

of longan fruit cv. Daw during storage for 2 days

Treatments Weight loss (%) Peel dry weight (%) Pulp dry weight (%)

Non - sprayed, ambient temperature 412 +0.09" 73.96 + 4.71 23.88+1.04°
Sprayed with water, ambient temperature 571+0.61° 64.11 +1.49 26.37 £ 084°
Sprayed with bio - product, ambient temperature  3.66 + 0.30 ° 65.82 £ 1.08 25.44 +0.97%
Non-sprayed, 15 'C 75 % RH 3.89+0.18" 76.92 + 0.51 25.88+0.22%
Sprayed with water, 15°C 75 % RH 454+0.01° 79.37 £ 0.46 26.03+0.52%
Sprayed with bio-product, 15 C 75 % RH 4.04+032° 71.03+3.17 25.39 +0.28%

F - test * ns *

Note: Means followed by different uppercase letters within the same column are significantly different at P < 0.05

(ns = non-significant, * = significant)
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Table 2. Effects of bio - product and storage temperatures on L*, chroma and hue angle of outer peel of

longan fruit cv. Daw during storage for 2 days

Treatments L* chroma hue angle (°)
Non-sprayed, ambient temperature 4798+0.49° 2588+0.46° 80.61£0.59°
Sprayed with water, ambient temperature 46.75+0.67 ° 23.55+0.56 ° 79.23+0.57°
Sprayed with bio-product, ambient temperature  48.05+0.55% 2194 +0.64 ° 80.08 £0.36 °
Non-sprayed, 15 ‘C75% RH 4112+061° 26.63+0.52° 75.69 +0.05°
Sprayed with water, 15°C 75 % RH 4187 +0.49° 26.11+0.51° 75.67 +£0.46 °
Sprayed with bio-product, 15°C 75 % RH 4278 +051° 27.05+0.44° 78.93+0.60°

F - test

*

*

Note: Means followed by different uppercase letters within the same column are significantly different at P < 0.05

(* = significant)
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Table 3. Effects of bio - product and storage temperatures on L*, chroma and hue angle of inner peel of

longan fruit cv. Daw during storage for 2 days

Treatments L* chroma hue angle (°)
Non - sprayed, ambient temperature 65.95 + 0.86 23.94 +0.38° 91.76 £0.93°
Sprayed with water, ambient temperature 61.58 +1.34 23.73 £0.45° 88.36 + 1.06"°
Sprayed with bio-product, ambient temperature  60.82 + 2.39 24.03 +0.33° 88.97 +0.92°
Non-sprayed, 15 C 75 % RH 50.18 + 1.67 17.91+0.26° 89.24 +0.87°
Sprayed with water, 15°C 75 % RH 49.85 + 0.65 17.46 +0.27° 87.15+0.47°
Sprayed with bio - product, 15°C 75 % RH 64.57 +1.47 16.44 +0.29° 88.69 + 0.54°
F - test ns * *

Note: Means followed by different uppercase letters within the same column are significantly different at P < 0.05

(ns = non-significant, * = significant)

Table 4. Effects of bio - product and storage temperatures on L*, chroma and hue angle of longan pulp

cv. Daw during storage for 2 days

Treatments L* chroma hue angle (°)
Non-sprayed, ambient temperature 39.03+1.36 ° 9.39+0.76° 86.15+ 1.77 ©
Sprayed with water, ambient temperature 37.81+0.50° 997 +0.29° 81.06+2.15°
Sprayed with bio-product, ambient temperature  38.46 + 0.51° 9.22 +0.46° 85.29+1.77°¢
Non-sprayed, 15 C 75 % RH 33.78 £ 0.46 ° 5.92+0.31° 96.15+1.60 °
Sprayed with water, 15°C 75 % RH 33.16 + 0.33° 6.18 £ 0.23° 90.22 + 1.56 °
Sprayed with bio-product, 15 C 75 % RH 33.75+0.31° 6.09+0.17° 94.74 +1.51%

F - test

*

*

Note: Means followed by different uppercase letters within the same column are significantly different at P < 0.05

(* = significant)

nsusziiiugumnsiunsusiog
Azuundszifiunisifinnauialnfises
uadnlefugnaf i uni s uduuuudasoal
Lﬁué’ﬂwﬂf?‘ﬁfqmuqﬁ 15°C ARNT udN N g
75 % S ANWARY 5.000.00 AZLUW T16A
Fananananadnasnlodeldifanauingng
LAZANANNAIIUANGANIaE 19T Wag 1Ay N9

34

ADFNUAZLURYIZIHUNITAANAURALUNRID
naanlaiugaeldnudiuasldnuduuyy
FoFouat WU LATNUAURUUTAA U 1ALUSNEN
v al a v o Ao ,
nguugives iluszazingd 24u il dnag)
31919 2.00 + 0.45 D9 2.40 + 0.40 AT 19T
ANAINaaanaduaa i anauialnfse Ay
NN (Table 5)



uaRIgMNYRuAzAULULT A N TauuATiE e iy Bacilus siamensis

RFCD306 AaAMNINKATRILNITIALSN EN1IHAR leRugAe

Azuuutlszifiuniswldsuulaedulden
geenagloiugneldnuiuazldnuduuuy
BN ouaT WuLn waTWURULLLT A et AN
¥fqmugiitesiuszuziann 2 Ju Sy
2.40+£0.25,260+0.25 408y 260 £ 0.25 ACLLUU
ANNFAL BeuAnsneanaaslef el

WUAUBLUTIA DI WU S WURBLU LT el

Wusnuldngungf 15 °C Auaudning 75 %
o Ao a =
Wuszezinan 2 94 NdAziuklssiunisaguudas
Aaanwiniu 4.60 + 0.25, 4.60 + 0.25 WAL 4.80 +
0.20 ALY ANNAAL (Table 5) A1NTLA LA LWL
FINAIIUNNLAITNITHAR LN LA UTN 147
a é =l dl al =l [~ v
aauungAdnndasunlasresdidaenidanies
Ao A ° A& o ool a
anuzdnlasnvesnas laiiusneldngnng -
Y ~
waslnslasuulasnnn
AZBUUUTZRUNTHANTUIATINYRINS
miﬂwuﬁm Tinutnuagldw uduuuudas et
WULN LA UFLUU LT A el LR usnu 147
grunnies fAntesndnuasn e linuiiuazlsl

WURLLLUT 9 a7 Wt uaswud LT et
Lﬁm‘“m:m”l,fj”ﬁfqmuqﬁ 15°C A uduNg 75 %
wWusreazingn 2§34 FAwindy 2.40 +0.25, 2.60 +
0.25,2.60+0.25,4.60+£0.25, 4.80+0.20 Lhaz 5.00 =
0.00 AZLUY ANANAL (Table 5) ANAZLULAINGD
Lme‘lﬁLﬁud’]ﬁ?ﬂi%ﬁuiﬂmumdﬂm‘ﬁ'Lﬁm*ﬂm
1fwmmvmwm Lmemnm@ummumnmmm
m”memnm"Lwammm 15 °C panuTudusing
75 %

NARHATLALIRE NI NEULE LA A
mﬂﬂfﬁlﬂuu,ﬂmﬁ“&mw’fmmﬂmw Fual uaz
mimwmmimmmwumm mmmiu al
msLﬂ@ﬂuuﬂmmmmwmmmm@m NAY AT
ANan arniseaniulnadusina winatuisn
feafuvieszaenisgoydancludauaasniniien
Mol LasnIztaunsTaall sauma
navinaneesqaunIeld 2 - 3 ddanif gl
dudFunuaningn ANAINITATUINTTG
wasiAMAINARENgRANA daflufideaenisues

Table 5. Effects of bio - product and storage temperatures on off - odor, discoloration of peel and overall

acceptability of longan fruit cv. Daw during storage for 2 days

Treatments Off-odor Discoloration of  Overall acceptability
(scores) peel (scores) (scores)
Non-sprayed, ambient temperature 2.00 045" 240+ 0.25° 240 +0.25°
Sprayed with water, ambient temperature 2.40 £ 0.40° 2.60 +0.25° 2.60 +0.25°
Sprayed with bio - product, ambient temperature  2.20 + 0.49 ° 2.60 +0.25° 2.60 £0.25°
Non-sprayed, 15 C 75 % RH 460+0.25° 460+0.25° 460 +0.25"
Sprayed with water, 15°C 75 % RH 4.80+0.20° 460 +0.25° 4.80+0.20°
Sprayed with bio-product, 15°C 75 % RH 5.00+0.00° 4.80 +0.20° 5.00 + 0.00"

F - test

* * *

Note: Means followed by different uppercase letters within the same column are significantly different at £ < 0.05

(* = significant)

The evaluation criteria of off-odor and discoloration of peel scores are defined as:

1 =changed for 81 - 100 % 2 = changed for 61 -80 % 3 =changed for 41-60 % 4 = changed for 21 - 40 % 5 = changed for 0 - 20 %

The evaluation criteria of overall acceptability scores are defined as:

1=unusable 2=poor 3=far 4=good 5= excellent
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Julnasisluuazsngilszme (Chery et al., 1992)
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Table 6. Disease incidence of longan fruit rot caused by fungi after spray with bio-product (rice starch-2

formulation) from Bacillus siamensis isolate RFCD306

Disease incidence (%)

Treatments

2 4 6 8 10 12 14
Non-sprayed, ambient temperature 54.4° 1002 - - - - -
Sprayed with water, ambient temperature 6882 100° - - - - -
Sprayed with bio - product, ambient temperature 55 5°  10g ? - - - - -
Non-sprayed, 15 C 75 % RH 00° 00° 00 22 111 200 289
Sprayed with water, 15 C 75 % RH 00° 00° 00 2.2 89 178 244
Sprayed with bio-product, 15C 75 % RH 0.0° 0.0° 0.0 29 122 211 300
F - test * * ns ns ns ns ns

Note: Means followed by different uppercase letters within the same column are significantly different at P < 0.05

(ns = non-significant, * = significant)
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Figure 1. Fruit rot of longan caused by Lasiodiplodia sp. in the efficacy test of rice starch-2 bio- product. stored

at 15°C and 75 % relative humidity
(A) Longan fruit rot by Lasiodiplodia sp.

(B) Symptom on longan peel

(C) Conidia of Lasiodiplodia sp.

Figure 2. Fruit rot of longan caused by Phomopsis sp. in the efficacy test of rice starch-2 bio-product. stored

at 15 'C and 75 % relative humidity
(A) Longan fruit rot by Phomopsis sp.
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(B) Symptom on longan peel
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(C) Conidia of Phomopsis sp.
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Table 7. Effects of bio-product and storage temperatures on titratable acidity, total soluble solids, vitamin C

contents and storage life of longan fruit cv. Daw during storage for 2 days

Titratable Total soluble Vitamin C contents
Treatments

acidity (%) solids (%) (mg/100 g FW)
Non-sprayed, ambient temperature 0.009 +£0.000° 18.23+0.72 114.89 + 12.76 ™
Sprayed with water, ambient temperature 0.007 +0.001° 16.86 £ 0.38 129.78 + 12.94%
Sprayed with bio-product, ambient temperatur. 0.005 + 0.001 ° 16.86 £ 0.08 102.12 + 6.39%°
Non-sprayed, 15 'C 75 % RH 0.003+0.000°  16.76 + 0.26 138.29 + 11.84%
Sprayed with water, 15°C 75 % RH 0.003 + 0.000" 15.96 + 0.23 146.81 + 19.50 %
Sprayed with bio-product, 15 C 75 % RH 0.003+0.000°  14.50 + 0.90 136.17 + 4.25%°
F - test * ns *

Note: Means followed by different uppercase letters within the same column are significantly different at P < 0.05

(ns = non-significant, * = significant)
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Table 8. Effects of bio-product and storage temperatures on storage life of longan fruit cv. Daw

Treatments

Storage life (days)

Non-sprayed, ambient temperature

Sprayed with water, ambient temperature
Sprayed with bio-product, ambient temperature
Non-sprayed, 15 ‘C75%RH

Sprayed with water, 15°C 75 % RH

Sprayed with bio-product, 15°C 75 % RH

2.40+0.25°
2.40+025°
2.40+0.25°
11.60 + 0.40°
11.60 + 0.40°

13.20 + 0.49°

F-test

*

Note: Means followed by different uppercase letters within the same column are significantly different at P < 0.05

(* = significant)
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Abstract: The objective of this experiment was to study on vegetative growth, heritability, and correlation in
seedling stage of oil palm hybrid variety SUB PSU 1, a total of 27 crosses derived from the crossing between
one male pisifera and different female dura parents namely No. 31, 52, 59, 69, 81, 96, 106, 118, 129, 136,
142,155, 171, 177, 184, 201, 203, 207, 222, 227, 229, 230, 232, 237, 239, 240 and 202/6. The experiment
was carried out at the Faculty of Natural Resources, Prince of Songkla University during May 2018 - January
2019. The experimental design was CRD with collection of vegetative characteristics at 12 months after
planting, five plants per cross. It was found that all characteristics were significantly different
and they had a narrow sense heritability (h°) at the low-level between 0.73 - 2.36 %, as well as positive
correlations on vegetative growth characteristics. In addition, it was found that 8 crosses showed good
growth characteristics including; 59, 136, 142, 184, 227, 239, 240 and 202/6. This data can be used to select

maternal dura oil palm plants for quality oil palm seedling production.

Keywords: Oil palm seedling, vegetative characters, heritability, correlation
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Table 2. Vegetative characters of variety SUB PSU 1 oil palm seedlings at 12 months old

Genotypes H (cm) RL (cm) LW (cm) LL (cm) LN (leaf) TD (cm) FN (leaf)
31 17.3e1 51.2i 1.9gh 24.9fg 32.69 4.6f 12.1k
52 25.0b-d 78.7d-g 2.4d-g 32.2c-g 55.9c-f 7.3de 15.0jj
59 29.7a-c 93.5a-f 2.5b-f 37.1b-e 62.0a-f 8.6a-e 17.8b-d
69 16.7¢e 54.7hi 1.7h 24.39 37.0g 4.4f 14.3j
81 26.9a-d 79.5d-g 2.3e-g 30.9¢c-g 54.6¢-f 8.1a-e 15.8e-j
96 28.3a-d 75.2e-i 2.3e-g 32.3c-g 55.4c-f 7.7c-e 15.2f+j
106 24.5b-d 72.6f-i 2.1fg 31.3c-g 56.8c-f 6.8e 15.8e-j
118 23.4d 68.3g-i 2.2fg 28.8e-g 49.7f 7.1e 16.7¢c-h
129 23.9d 73.0f-i 2.4c-f 29.0d-g 54.1d-f 7.0e 16.1d-i
136 30.2ab 91.4b-g 2.7b-e 38.3bc 60.7a-f 9.8ab 17.8b-d
142 32.0a 103.9a-c 2.8a-c 37.1b-e 70.4ab 10.1a 17.8b-d
155 27.0a-d 91.0b-g 2.5b-f 30.6¢-g 60.3a-f 8.3a-e 16.3c-i
171 27.4a-d 91.2b-g 2.8a-c 38.1b-d 55.9¢-f 7.9b-e 16.9¢c-f
177 23.8d 71.0f-i 2.3e-g 28.3e-g 51.9ef 7.4de 16.7¢c-h
184 30.2ab 104.2a-c 3.0ab 49.7a 66.0a-d 9.3a-d 17.8b-d
201 24.1cd 83.8c-g 2.7b-e 33.6b-f 51.5ef 7.4de 16.7¢c-h
203 29.1a-d 79.2d-g 2.5b-f 31.8¢c-g 58.5b-f 8.0b-e 17.2c-e
207 29.8a-c 100.7a-d 2.9ab 38.5bc 61.6a-f 8.6a-e 16.9c-g
222 28.9a-d 94.9a-f 2.6b-f 36.4b-e 62.9a-f 8.7a-e 16.9¢c-g
227 29.8a-c 92.1a-g 2.8a-d 35.6b-e 57.2b-f 8.7a-e 16.9c-g
229 25.1b-d 77.8d-h 2.4c-g 31.6¢-g 49.7f 7.5de 16.3c-i
230 25.4b-d 74.8e-i 2.2e-g 31.6¢c-g 51.9ef 7.1e 16.3c-i
232 26.2a-d 84.3c-g 2.5b-f 35.4b-e 58.1b-f 8.7a-e 17.6b-e
237 28.3a-d 92.1a-g 2.6b-f 35.2b-e 63.8a-e 8.6a-e 18.0bc
239 30.0a-c 98.4a-e 2.6b-f 38.1b-d 58.5b-f 8.7a-e 17.6b-e
240 31.9a 115.8a 2.9ab 41.4b 72.6a 9.7a-c 19.1ab
202/6 32.1a 114.0ab 3.2a 38.3bc 67.8a-c 9.8ab 19.6a
F - test wox ok ok . . . ok
CV (%) 14.21 18.75 12.35 17.42 15.49 16.77 6.96

' = Values followed by different letters are significantly different according to DMRT
** Significant at difference P < 0.01 level

H = Height, RL = Rachis length, LW = Leaflet width, LL = Leaflet length, LN = Leaflet number, TD = Trunk diameter, FN = Foliar number
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Table 3. Fresh weight, dry weight and leaf area of oil palm seedlings varieties of SUB PSU 1 at 12 months old

Fresh weight (g) Dry weight (g) Leaf area
Genotypes )
Leaf Trunk Root Leaf Trunk Root (em®/plant)
31 92.0d 103.2i" 93.99 22.2d 29.6j 22.1h 1865.4h
52 274.6d 210.6f-i 193.0d-g 81.8d 65.0f-j 56.6e-h 3219.5f-h
59 626.1a-d  514.5a-h 466.9a-g 201.7b-d 161.7a-g  154.6b-h 6477.3b-f
69 246.0d 140.5hi 135.2fg 88.6d 45.2jj 38.7h 2111.8gh
81 440.2cd 648.9a-d 696.4a-c 134.3cd 189.5a-d  223.6a-d 8967.6b-d
96 311.6d 281.1d-i 317.1¢c-g 154.3cd  93.9d-j 120.6b-h 5226.3d-h
106 228.3d 163.2g-i 151.7fg 96.2d 55.5h-] 50.3f-h 3307.5f-h
118 262.0d 243.7e-i 262.2¢c-g 91.3d 76.7e- 70.0d-h 3728.9f-h
129 154.1d 152.9hi 158.5fg 45.7d 48.0ij 46.6gh 5227.2d-h
136 547.5b-d  607.9a-e 640.6a-d 203.4b-d 221.0ab 234.2a-c 10740.3ab
142 419.8cd 725.1ab 849.6a 172.1b-d 166.1a-f 324.7a 8675.6b-e
155 226.0d 175.1f-i 184.4e-g 83.3d 59.1g-j 53.7e-h 4471.5e-h
171 189.5d 419.5a-i 370.6b-g 62.3d 139.7a-i 117.9b-h 6723.8b-f
177 634.2a-d  487.9a-i 507.3a-g 204.9b-d  147.0a-i 176.3a-h 6909.5b-f
184 419.4cd 535.9a-g 517.7a-g 148.9cd 177.7a-e  176.6a-h 8043.3b-e
201 524.2b-d  659.1a-d 614.9a-e 203.6b-d 208.7a-c  211.8a-f 8931.3b-d
203 1227.8a 556.7a-f 632.7a-e 468.4a-c  157.5a-h  204.4a-g 7444 3b-f
207 563.2b-d  549.2a-f 483.3a-g 209.7b-d 158.7a-h  162.2b-h 6248.8c-g
222 619.7a-d  704.1a-c 644.0a-d 186.1b-d 217.9a-c  221.7a-d 8548.3b-e
227 993.8a-c  691.9a-c 578.9a-f 443.9a-c  113.3c+ 184.4a-h 7304.9b-f
229 546.0b-d  332.5c-i 309.8c-g 209.4b-d  99.8d-j 102.1c-h 5195.2d-h
230 475.6cd 406.4a-i 370.4b-g 134.9cd  118.0b-j 120.5b-h 6492.3b-f
232 437.0cd 291.8d-i 257.8c-g 155.9cd  87.9d-j 86.0c-h 5734.3d-h
237 408.2cd 385.0b-i 377.3b-g 201.9b-d  118.7b-j 124.2b-h 6655.4b-f
239 1121.4ab 777.6a 801.7ab 505.4ab  242.0a 266.4ab 12987.8a
240 1045.1a-c 645.2a-d 630.2a-e 605.5a 212.6a-c 213.4a-e 9449.1a-d
202/6 641.4a-d 684.2a-c 666.6a-c 306.0a-d 210.2a-c 237.9a-c 10349.9a-c
F-test . ok ok * . wox wox
CV (%) 51.7 35.19 41.88 70.7 32.52 44.86 26.2

' = Values followed by different letters are significantly different according to DMRT

* = Significant difference at P < 0.05 level, ** Significant difference at P < 0.01 level
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Table 4. Analysis of variance and narrow sense heritability (h°.) of vegetative characters of oil palm

seedlings
MS
Characters means V (%) [
Progenies Error

Height 27.27 76.50" 14.64 14.03 1.83
Rachis length 87.41 1,251.17" 256.78 18.33 1.75
Leaflet width 2.55 0.56" 0.10 12.13 1.96
Leaflet length 34.38 141.06" 35.28 17.28 1.50
Leaflet number 57.69 38156 77.82 15.29 175
Trunk diameter 81.62 942.13" 181.63 16.51 1.82
Foliar number 16.92 11.117 1.35 6.88 2.36
Leaf fresh weight 44791 90,603.17" 24,850.60 35.19 1.38
Trunk fresh weight 44119 95,816.28" 34,139.04 4188 1.06
Root fresh weight 506.47 1,77015.61" 68,549.83 51.70 0.96
Leaf dry weight 134.11 7,986.16" 1,901.91 32.52 1.56
Trunk dry weight 148.19 12,809.10" 4,420.03 4486 1.10
Root dry weight 200.81 42,603.44" 20,159.99 70.71 0.73
Leaf area 6,705.07 14,355,888.41" 3,085,577.39 26.20 1.69

** Significant at difference P £ 0.01 level
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Table 5. Correlation coefficients of vegetative characters of oil palm seedlings

Characters H RL LW LL LN D FN
H -
RL 0.87" -
LW 0.69" 0.73" -
LL 0.76" 0.87" 0.62" -
LN 0.79" 0.88" 0.61" 0.75" -
™D 0.88" 0.89 0.69" 0.81" 0.87" -
FN 0.72" 0.73" 0.64" 0.67" 0.70" 0.79" -

** Significantly different at P < 0.01 level

H = Height, RL = Rachis length, LW = Leaflet width, LL = Leaflet length, LN = Leaflet number, TD = Trunk diameter, FN = Foliar number
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Purple Rice Selection for High Grain Iron and Yield Rice Lines in F4 and F5

Generations from Cross Between Kum Hom Mor Chor and Pathum Thani 1
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Abstract: Iron (Fe) is an essential element for human health, but the popular staple food as rice contains very low
amount of Fe compares with the other grains. Adding Fe into rice grains is an alternative solution to solve the
problem of Fe deficiency among rice consumers. This research aimed to select rice lines with high grain Fe
concentration, black pericarp, and high yield by taking seeds from F3 population between Kum Hom Mor Chor
(KHCMU), a photoperiod sensitivity with high grain Fe concentration > 10 mg/kg and Pathum Thani 1 (PTT1), a
photoperiod insensitivity with high yield varieties. The 20 lines were used as a preliminary population in this
study. The F4 generation was evaluated and selected in dry season, 2018 at the experimental field. At maturity,
plants were harvested and recorded for color of pericarp and agronomic characteristics i.e., days to flowering,
plant height and yield. The grain Fe concentration in brown rice was analysed and the high Fe concentration
plants were selected for the representative of F5 population. The F5 population was continued to evaluate
and select in wet season, 2018 by the plantation and management were similar to the F4 generation.
In summary, 6 plants with high grain Fe concentration, black pericarp and high yield were selected. Grain
Fe concentration in brown rice and yield of the selected lines were ranged between 13.3-17.5 mg/kg, and 24.6 -
47.2 g/plant which was 170-224% and 171-328 % higher than PTT1 and KHCMU, respectively. These selected
lines could be used as source of genetic materials for the development of new rice varieties with high grain Fe

concentration, black pericarp, and high yield in the future.

Keywords: Selection, purple rice, high iron rice
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Figure 1. Grains Fe concentrations of 20 lines in F4 population and parents (KHCMU and PTT1)
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Figure 2. Frequency distribution (%) of agronomic traits of 24 plants in F4 population and parents (KHCMU

and PTT1); a) Days to flowering, b) Culm height and c) Grain yield per plant
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Figure 3. Frequency distribution (%) of grain Fe concentration of selected plants in F4 population and parents

(KHCMU and PTT1)
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Figure 4. Frequency distribution (%) of agronomic traits of 54 plants in F5 population and parents (KHCMU
and PTT1); a) Days to flowering, b) Culm height and c¢) Grain yield per plant
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plants and parents (KHCMU and PTT1)
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Table 1. Grain characteristics, agronomical characteristics and Fe concentration of 6 selected plants in F5

population and parents (PTT1 and KHCMU)

Culm  Number of Fe Fe concentration Grain yield
Parent/ Pericarp Endosperm  Days to Grain yield
height  panicles/ concentration % of % of % of % of
Selection  color type flowering (g/plant)
(cm) plant (mg/kg) KHCMU PTT1 KHCMU PTT1
KHCMU  Black glutinous 66 (1.7 70(1.5) 9(1.7) 14.1(0.7)  14.4(1.6) 100 181 100 41
PTT1 White Non-glutinous 108 (0) 72(4) 15(1.5) 7.8(0.7) 34.8(8.1) 55 100 242 100
19-3-2 Black Non-glutinous 77 73 21 175 26.2 124 224 182 75
11-3-1 Black Non-glutinous 103 124 9 16.2 30.3 115 208 210 87
19-3-1 Black glutinous 76 63 13 15.6 24.6 111 200 171 71
17-1-2 Black glutinous 79 54 14 14.3 35.0 101 183 243 101
3-1-1 Black Non-glutinous 63 85 12 13.6 36.7 97 175 255 105
17-1-1 Black glutinous 76 75 18 13.3 47.2 94 170 328 136
Mean 79.0 79.0 14.5 15.1 33.3 107.0 1933 2315 958
SD 13.1 245 4.3 1.6 8.3 1.6 20.9 57.6 23.9

®Mean and standard deviation from 3 plants



M5A19NRAT 38(1): 51 - 61 (2565)

LLuuﬁutﬁlﬂqluﬁﬂwmxﬁﬁaﬁﬂixam%quqmmsn
Aalddeunludadu 1 iesaingnasuaudandy
Waee doutlfunnusismanlwudand1onadaaiy
aneen19UTNIn (quantitative trait) gnAILAN
AaefiuaNuIUNIN (polygene) N1TLARIaaNaRIN u-
01l (phenotype) Aeilmrnuutsilsaunan demana
wlstsufiAntuilllg iR nanatuing (genotype)
Wesagrafaauafian nuaadendufaada
fae (Kearsey and Pooni, 1996) LAA1NNINARBL
816 WMAN ”Lumﬁmf*ﬁ’nﬁuﬁﬁmﬁmLLmﬁuﬁ:ﬂ‘fuﬂg‘q
U839 Gregorio et al. (2000) Iﬂﬂ‘l,%’ﬁuﬁﬁmﬁmﬁﬁ
UFNIUEIFIMANGIAUIU 4 WUG uazriugiutles
RIUIU 3 WUg Lmﬂ@ﬂwmmulmﬂmmqm 1
WU51 FANuans1sresBunusinmanluusay
@;mmuﬁ”aﬁuﬁw'ﬂmmeqmmu%ﬁ' 1 WEA9IN
WugnesuinasalIuusmmanlumanauinngn
luaninuanaen MulAedy Karladee (2002)
wudn Tadendnfiusaiinunaauulstsau
1898 N® 191Ny (phenotypic variation) 184
anwuzlTuausnguanluwdndiondas Ae
mwuﬂiﬂmu‘ﬁ'Lﬁmmnﬁu@miu (genotypic
variation) %qmmmmmmmﬂ?uwmmri;mﬁﬂlu

wandrandasgnacupniasduunudnldanysnd

(partially dominant) ’Wﬁxﬂimmuﬂuy‘mj (complete
dominant) %uﬂfgﬁ“unwmuﬁqﬁummﬁjmu
(Jaksomsak, 2007) N13AM L%ﬂﬂ@ﬂmwﬁaﬂ?mm
sruanlumdadionansgeasiaaudndnylu
mim"’wLLudaﬁuqﬂﬁu’ﬁ'zﬁﬁﬁmluma‘ﬁmuﬁwmﬂ
fuflnadfiflnandanuasdTuimsgmangld
luauean
AMFUUTUIUINANUATHANAANY
nisnszanesazesgnuan lureuieandelnaaniy
Fafl 4wuparnduiuslunisavuazliny
pudnTuludadl 5 adaslafaununiamszans
favesgnuandad 5 Alduandnuazannmaniu

wange uansdndaanaduldisnazliuilgeiug

Franfliunsnmanlundnguuazinanan
gesanane AueMRaadiouugif (RR) IWAn@Een

60

anuANTEUIINufdonanangeadelng IR72

Q
=3

Fudafuiflessnginangeresduie (Zawa
Bonday) li@naWuga15mangs IR68144-38-2-2-3
WiWud Huandanteandn IR72 Usenim 10%
(Gregorio et al., 2000) ANITUNARDI LN F LT
Fadenlugnuasdad 5 ureduiitiunasmnan
AINIRUGU (19 - 3 - 2) WiTaHHANRAGININHUTND
(17 -1 - 1) (Table 1) Fafinarniinienszanafaaes
HANAAWATEILUANUANIMTATBUILATRIN LG
W@Lmiu@nmm%ﬁ' 4 uaz 5 WA saTuTinulu
{Qﬁl 2 Iu@' WA ein 1 (Khodruankeaw et al., 2020)
Tnafufifndenidazldinlddgnifefiuduns
wazAniAanludasield

G

= =Y o A 9
maﬁnm‘lummimmemmmm@faﬂ’um

gnHANTEUINdIRLgNMeN 1T, way Uruel 1

A

Wadnwuz BNsnman lunangs HiEaRuman

)}

o

Apn LL@“’IﬁN@Nam@Q e lplsviRuansenianT 1

o

senzdifeduindn uazi I manlumgn
Frandasludafl 4 uaz 5 numsnszanefaveszing
angiuguazneluanawug ludnsaizn1ednigiuy
e ls wazdSuansagmanlumand1ondes
ANFUANNANAUTITNI TN U AN LINAR
Frandesuazuandnludad 4 wodn daaudusiug
wununds dawludafl 5 ldnupaudusiugaming
Psunusamanluwdadnondasuarnanan agngls
R annnsinenludaf 4 anansadaidengnueas
el idedumdnuazdiunongminludaii 4
Fauau 18 fu wazanansafnidangnuaniudai
5 AndnEmzrANingUszasAldvanun 6 fu
Hsuusnmanluudadianaesedng 13.3 -
17.5 8adnfusanianiy Tmﬂww’]’u‘ﬁ'ﬁﬂ'ﬁqmdﬁ
Wugwatlnusl 170 - 224 % Anananogszndng
24.6 - 47 2 nfusiasY %mn@wﬁuﬁﬁmmﬁmmmdﬂ
suguinnven ue. 171 - 328 % uasilidefuimdn
Annmsemndnnlsvase



msAnRantaiiesimuanlundnuaznandngalugnuandai 4

f9da9 5 szudneinanugivan N, wazdalnuell 1

LANAITRNND

Graham, R.D., R.M. Welch and H.E. Bouis. 2001.

Addressing  micronutrient  malnutrition
through enhancing the nutritional quality of
staple foods: Principles, perspectives and
knowledge gaps. Advances in Agronomy
70: 77-142.

Gregorio, G.B., D. Senadhira, H. Htut and R.D.
Graham. 2000. Breeding for trace mineral
density in rice. Food and Nutrition Bulletin
21(4): 382-386.

Jaksomsak, P. 2007. Genetic control of iron content
in rice grain. M.S. Thesis. Chiang Mai
University, Chiang Mai. 93 p. (in Thai)

Karladee, D. 2002. Behavior of gene controlling iron
accumulation in F, rice seed. Journal of
Agriculture 18(2): 119-123. (in Thai)

Kearsey, M.J. and H.S. Pooni. 1996. The Genetical
Analysis of Quantitative Traits. 1% ed.
Chapman and Hall, London. 396 p.

Khodruankeaw, T., C.T. Prom-u-thai., T. Pusadee

and S. Jamjod. 2020. Evaluation of

progeny population between upland rice

KumHomMorChor photoperiod

insensitive Khon

Agriculture Journal 48(3): 535-546. (in Thai)

D.J. 1995. Classifying
cultivars with RAPD markers. Crop Science

35(3): 889-894.

Oka, H. 1974. Analysis of genes controlling F,

and
rice varieties. Kaen

Mackill, japonica rice

sterility in rice by the use of isogenic lines.
Genetics 77(3): 521-534.

Prom-u-thai, C. 2003. Iron (Fe) in rice grain. Ph.D.
Thesis. Chiang Mai University, Chiang Mai.
227 p.
Sawangwongsin, S. 1998. The application of
protection motivation theory and group
process for iron deficiency anemia
prevention behaviors among pregnant
women attending natal care service at
Nonthaburi
province. M.S. Thesis. Mahidol University,
Bangkok. 196 p. (in Thai)
Somboon, P., C.T. Prom-u-thai., T. Pusadee and S.

Jamjod. 2017. Gene segregation

Pranungklao  Hospital in

for
anthocyanin contents in F, population
between
highland and Pathum Thani 1 grown at

purple glutinous rice from
lowland and highland locations. Journal of
Agriculture 33(3): 323-332. (in Thai)

Wanachiwanawin, W. 2016. Look for risk factors to
diagnose iron deficiency anemia. Journal
of Hematology and Transfusion Medicine
26(1): 7-8. (in Thai)

Wongput, C. 2019. Selection of purple rice lines for
photoperiod insensitivity during F, to Fy
generations between Kum Doi Saket and
Pathum Thani 1. M.S. Thesis. Chiang Mai
University, Chiang Mai. 64 p. (in Thai)

Zarcinas, B.A., B. Cartwright and L.R. Spouncer.
1987. Nitric acid digestion and multi-

by

inductively coupled plasma spectrometry.

element analysis of plant material

Communications in Soil Science and Plant
Analysis 18(1): 131-146.

61






NITNAANNAIUNUAITTIARITNTUaNENg N W

UszgnsnaluaIn 1w uans Instuuladaluundnn

Occurrence of Herbicide Multiple-Resistance in Wrinkle Duck-beak

(Ischaemum rugosum Salisb.) Population Resistant to Pyribenzoxim in Paddy Fields
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Abstract: Wrinkle duck-beak is a common weed of paddy fields, which is most often controlled by
pyribenzoxim, acetolactate synthase (ALS) inhibitors. Currently, failures in controlling this weed have been
reported by farmers in Krachan sub-district, U-Thong district, Suphan Buri, after several years of successful
control. This study was conducted to determine whether wrinkle duck-beak populations have developed
resistance to pyribenzoxim. Weed seeds were collected from farmer’s fields to determine the physiological
response to pyribenzoxim under greenhouse conditions. Both the resistant and susceptible wrinkle duck-
beak biotypes were investigated for /,, based on its visual injury and GR,, based on plant height and fresh
weight at 3, 7, 14 and 21 days after application. The resistance index of the resistant wrinkle duck-beak
was 31.43 - 62.36 folds higher than that of the susceptible biotype. Additionally, multiple-resistance of
pyribenzoxim-resistant wrinkle duck-beak for alternative management strategies using across mode of
action of herbicides were studied. The results indicate that the alternative herbicides used to control
pyribenzoxim-resistant wrinkle duck-beak were controlled by profoxydim (Inhibitors of ACCase) and propanil
(Inhibitors of photosynthesis at PS II) at the recommended rate for each herbicide. The results suggest
that farmers should rotate profoxydim and propanil, which is a different herbicide site of action, to control

and reduce the probability of pyribenzoxim-resistant wrinkle duck-beak in paddy fields.

Keywords: ALS-Inhibitors, multiple-resistance, pyribenzoxim, wrinkle duck-beak
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Table 1. Multiple - resistance herbicide treatments used during the experiment

Herbicide Site of action a.i. (%) Dosage (g a.i./ha) Application timing (DAS)
1. Control - - - -
2. pyribenzoxim ALS Inhibitors 5% EC 31.25 10
3. profoxydim ACCase Inhibitors 7.5% EC 121.88 15
4. clomazone Carotenoid Inhibitors 48 % EC 360 7
5. propanil PS Il Inhibitors 36 % EC 2025 15

a.i. (%) = percent active ingredient, g a.i./ha = grams active ingredient per hectare (1 ha = 6.25 rai)

DAS = days after sowing, EC = emulsifiable concentrate
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Figure 1. Visual injury of pyribenzoxim on susceptible and resistant-biotype at 3 (a), 7 (b), 14 (c) and 21

day after application (d). Vertical bars represent the mean + standard error (n = 20).

Table 2. Resistance levels of pyribenzoxim in wrinkle duck-beak populations at U-Thong district, Suphanburi

Wrinkle duck- Visual injury (/) Plant height (GR;,) Fresh weight (GRj,)

beak biotypes 3 DAA 7 DAA 14 DAA 21 DAA 21 DAA 30 DAA 21 DAA 30 DAA
S-biotype 7.77 7.91 7.66 6.73 9.70 7.80 4.02 2.60
R-biotype 477.78 353.55 308.89 419.65 466.31 391.67 126.33 94.75
Resistance index 61.49  44.69 40.33 62.36 48.07 50.21 31.43 36.44

ls, = The herbicides rate required to cause 50 % injury

GR,, = The herbicides rate to reduce plant growth by 50% relative to untreated control
DAA = Day after application
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Figure 2. Effect of pyribenzoxim on plant height on susceptible and resistant-biotype at 21 day after

application (DAA) (a) and 30 DAA (b). Vertical bars represent the mean %
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Figure 3. Effect of pyribenzoxim on fresh weight of on susceptible and resistant-biotype at 21 day after

application (DAA) (a) and 30 DAA (b). Vertical bars represent the mean %
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metsulfuron-methyl Lae pyrazosulfuron-ethy), ﬂ@:ll
pyrimidinylthio-benzoate (419 pyribenzoxim way
bispyribac-sodium) LU wugn Tulelnilideuue
warlulenifuniuans JArdaiaufiIuniu
@AN70INNGN 11.7, 9, 5.4, 4.6 LAY 6 1 ANNANAL

70

standard error (n =

lusnizfinasldanangy imidazolinone (@13
imazethapyr) La s ﬂ@im triazolopyrimidine (@19
penoxsulam) ) Iaafinn 14 lud A AAINd1a e
IRIERVEENH mminmmﬁmwwmmiu‘ﬂaiwﬂw
gaunauazlulanidruniuansliedeanysnl
LaA99n FTRTTTARTA TR UIN9RA A NENL-
nuaslungu sulfonylurea usi iiAAMAIUNIL
@ﬁﬂuﬂﬂm imidazolinone LAY trlazolopyr|m|d|ne
u,mwmﬂuﬂ@ummwu@ AR uvdaiie
ﬂgmmmmumwﬂummemmnu (Zakaria
et al., 2018) ANty Fang et al. (2019) 9121911491
wefrdaunlulenifigenue Suuananasle
FUNHFBE1T penoxsulam LRI AAININE AN
BUZUN (FR9KLzUN AR 15-30 m‘vmwaﬂﬂqw%rm'@
nanf) waluleniduniuansBuuaniainis
IF5uie 1feldan18mIn 50.96 ni"umaéfafanqw%r
FOLENANT Lanad1 anntsfinaldFua i uiy
mwé”mwmﬂ%@wﬁzgﬁu uLA ATy w1819
(Euphorbia heterophylla L.) %ﬁiu‘i’ﬂimﬂﬁ’]uwﬂu
ansuazlulelnilidauue Weldiuans imazamox
8m91 1,250.20 ﬂ%’uma@@ﬂqw%{ﬁimaﬂm{ﬁﬂﬁ
daminanaadlulenid1uniugaisanas 50 %
Taneilulalnilfideunas ialdsuans dnm 7.4
ﬂi"umm@nqm?irﬁi@Lanmﬁ"rv‘iﬂﬁ’ﬁwﬁnmmmm
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50 % LAAS AN N9l imazamox 89N
wuzidn 40 ﬂé“ummﬂﬂqw%rﬁi@mnmﬂu’mmm
paupuun e tulalnifiuniuaisls (Rojano-
Delgado et al., 2019)

AYINAIUNIUAITUAIENg TR wAdtuTe
il g unuans pyribenzoxim
NNIANHIAINAIUNIUAITUAIEINGNTDY
welfrua<luleln A Fruniuans pyribenzoxim
(ma‘ﬁﬁu&\im?ﬁwmmmL@uismfALS) BIRAERE
nguAL 7 171'53ﬁ‘hLmu'qmsﬁmﬂﬁﬁ?miumﬁu&q
nelufgiunnsneiu 1&un profoxydim (6137
ﬁu&qmiﬁwmmmmuiﬁnﬁ ACCase) clomazone
(mi‘ﬁ'ﬂ”uézm'wzﬁ”umwzml,ﬂ‘iiﬁumm’) LAY
propanil (msﬁﬁu&qmzmumazﬁLmqw’ﬁfm
uaaluszuuuas 1) Wudy deRansmnannsysy
pornilufimaeang1une 7 5 10 way 14 5u
uasannldsuans ?QN‘%QW@’]?M’W’mﬂQ’m@‘Q
Lazuannan 21 uae 30 Sundeann’ldFu
4179 (Table 3) W91 n19dsziluma u Ui w
AN G wazdinidnanesansindadaie
waEngu AAuLAns1aiuatnal g Ay e

'
aaa o

ADANTLAVAIINLTRN U 99 % tasuagannle

o

7UANT profoxydim LA propanil mfj’] umalulelnd
AIUNIUAT WARIRINT2LATUAY An1sazdn
RECELITEITN Lmewiﬂ’luﬁ'm Tusnziliile
1#Tugd17 clomazone wansaniaiduisidnias
An1rrzdnninaioyiiulnludosusn uAdnunen
Wiy ladudnalalunansdenn Frartu nnsld
anseilail W lidsr@nsnanlunisasuauunin
unsluTanddruniuansanas annnisezifiu
N19RaUAUaININaTIInenasnni e lulaln
FNUNIUANT pyribenzoxim ”Lﬂfj"qmm@:uﬁlu I A
ﬁ‘hLmu'm'mﬁmﬂﬁﬁ?ﬂﬂumaﬁu&qmﬂuﬁmﬁ
WANFINGTY WULN mjmmiﬂ@iwﬂﬁ'ﬁmmuma
pyribenzoxim AN U IAAAINAIUNIUENT
wanangulidsans clomazone atnelsfinan wain
wadlulelnil A uniuans pyribenzoxim laitfn
AINA U suanangu lUdeans profoxydim
WA propanil

Tugaefidrunn l@dnasAneanisiin
ANNANLN LA ANE N U 89T TR T H N uN Y
A1IUNATLTLA Tmﬂﬁ' Fischer et al. (2000) 9181911
91 Echinochloa oryzoides HAATNAIUNTUANT

Table 3. Multiple-resistance of pyribenzoxim wrinkle duck-beak resistant to the other herbicides mode of

action
Dose Visual injury (%) Plant height (cm) Fresh weight (g)
Herbicide
(g a.i./ha) 5 DAA 10 DAA 14 DAA 21 DAA 30 DAA 21 DAA 30 DAA
1. Control 0 0d Oe Oe 33.53a 38.21a 228 a 3.07 a
2. pyribenzoxim 31.25 1250 ¢ 20.00d 33.75d 2538b 27.67Db 1.68 b 1.79Db
3. profoxydim 121.88 33.75b 57.50 b 82.50 b 0d 0d 0od 0d
4. clomazone 240.00 37.50 b 50.00 ¢ 53.75¢c 19.93¢c 21.26¢ 0.77 c 113¢
5. propanil 2025.00 97.50a 100.00a 100.00 a 0d 0d 0od 0d
F - test ok . . . wox wox wox
C.V. (%) 16.55 4.9 9.07 2.84 3.14 5.79 3.74

Means followed by different letters within a column are significantly different (LSD) and ** significantly different at P < 0.01

DAA = Day after application
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molinate Wa¥ thiobencarb @#9u E. phyllopogon Y
ANNATUNIUANT bispyribac-sodium, fenoxaprop-
P-ethyl, molinate LAY thiobencarb WECLCL
aavrialdiiaAausunIuansuaangu ey
419 propanil Wazi a9 U1 Uszainsaeannn
%ﬁquﬂ‘ﬁ'r;’fm‘w'nmqi’luﬂ@imﬁﬁu&qma‘ﬁwmmm
lulead ALS lusmadraunf1diaunatuau 14
faating Taefiienuau 7 faeng ARANE UMY
geseanslunguidudaeulad ALS luanziidl
AMUIU 2 Aaat1e HAuA1uniuseanslungy
Sulfonylurea uAazldiinANF U T uAe a1y
ngal Imidazolinone wananni gefanuaudn 5
FA8eNg 1‘71|Lﬁmmwﬁ’mmumwmmzﬁuiﬂmmi
1uﬂ@:mﬁﬁu§/\m’]iﬁ’m’m°ﬂ’ﬂ\1L’ﬂuiﬁﬁﬁf ACCase ugins
T ifiugn FaRafdruniuasiidnda e
L T ORISR R IEEYT P CRPT NURIE CETRIP?
ATNATUNIUANTUANENGN N lTNTALANLAY
AMARRLANTTINALAN Hi3e@nTn1nanas (Panozzo
et al., 2013) uenaIni NI 1UNFIUNIUANT
penoxsulam @MN19NAAIITNAIUNIUANTUAE
ngulifaans cyhalofop-butyl, fenoxaprop-P-ethyl
LA metamifop Fafluansfigudanisinaruaes
el al ACCase (Chen et al., 2016) L& 1 o 1
T19UNFAIUNTIUANT bispyribac-sodium (mﬁﬁug’\‘i
n13911919a89eu bl ALS) LAAANNAIUNIUANT
sanengulldeans quinclorac (a197 8 A AR
AANSIERFINUNT) (Posawat et al., 2015) WuALaRL
ﬂﬂﬁuqmﬂ@ﬁﬂﬂ AIUNIUENT chlorimuron-ethyl +

metsulfuron-methyl (8137 gugan19vine e aaeilad
ALS) WA ¥ clomazone (81370 Uan1349tAT

ualsiuaas) luarunsnasuaunnuuanilaian
Tulalnilfunuansla (Phinyosak et al., 2018) uaz
o Lolium perenne AN UE UL ST U
nsnnaueaeulosd ALS leun @1g imazamox waz
mesosulfuron W UFAW 41N1TDLAAAITNAIUNIY
mwmamjuiﬂﬂvmﬁ pinoxaden (mﬁiﬂ"uﬂzq
ma*v‘hmummLﬂu”lﬁnﬁACCase) (Tehranchiar et al.,
2019) #efldadaunndn SERaTF UN1uan 10l
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A 4 4. - 5
aflaunileniy AlanaNnasWmuninnNAIUNIY
aravaanglddaarslunguan o AU

o mmm .z ad s
madalfisalunsduginielunenuwansinaiuls
h vy o -
ann12AnE TuATal azwiugn vl wwaslulalndl
AFUN1UaNs pyribenzoxim AATmuUIN1TAAAIN
Frunuatsnanangyhldeans clomazone agingls
Anu TifaAud unuansatangyllaeans
profoxydim Wag propanil \l89a1N&17 clomazone
Fudanisinaueeaiaslasd 1-deoxy-D-xyulose 5-
phosphate synthetase (DOXP synthase) lun1s
d91As129 isoprenoids Tungzuaun1sdIATIEH
59n3RnuATsNueY A d9uUAN9 profoxydim FUE3
n1snnanuaeaia el acetyl CoA carboxylase 7
WNeadaeiunsey mumiz‘hmm Wwnwannea ludu
mﬂ‘luwm LL@“’mi propanil aummimmaqvmmq
FearddowRoadesiunszusunisaaeudie
Adnmraulunszuiunisdummzfudasaesssuy
PS Il (Pornprom, 2017) A4 A2TUUZULNEATNT
Taenldansnildsc@ninanlunisaouguunn
P~ o A = Y
wad e nisduidasunyuinaunisldanslu
wiazngunAauienif aljasenlunisdudanig
TuiNaAunnsneaiu Wedaaanuazlaeiun1sung
szunmgasiazanavniuaslulainddiuniuansh
gueanisninaureseulnd ALS Tuurdna etngls
ARNN AZABININITATIAUALRAFNUILASFIUNTU
. . o A Adada %
417 pyribenzoxim Tuunda lununn@nasldans
lunquindudanisiieuaeseulasd ALS ating
Aales WaldAansndsznaulunisnauauiann
dansnindndanaluewian 3adunisdesiuuay
n17aan3T oy uNTINIF1UNIUa1 TN A Jr N T
wdaluszazanasaly

G
nsAnmnluaiedl Weuntudenly
mﬂ%maﬁ'ﬁff‘hLLmi\imiL'ﬁmﬂﬁﬁ?ﬂﬂumiﬂ”m}q
meluiafiunnsnaiu §rusuninll 14 lunts ey
LaTNI¥ANISST RN AR A1 UNIuEs
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pyribenzoxim luundna Wefiansuinisnevdues
n1ea3sangnaasnairuaslulanifruniuans
wazlulelnilfidaunafidfaans pyribenzoxim
ANNAT [, TBITLALAINNTUNE WAL GR,, AN
mwmm:ﬁmﬁnm wudn wefuaslulalnd
mumumfmmmum’mmumummqmq
lulelnifidenuenaniie 31.43-62.36 1in iile
WA ANNATUNTUAITUAIENGNTBINET 1WA
ulelndduniuarslldearslunguiu - 78
ﬁﬁmemmﬁmﬂﬁﬁ?mlum@ﬂ”mﬂx\imﬂuﬁmﬁ
uaneineriu wudn vaiueslulanilfuniuans &
ATMuININAAANFIUNIUAIIUAEN g e
@19 clomazone (awﬁﬁuﬁz\amizﬁ’\aLmﬁmﬂm%ﬁ
weae) uslsdifinAausuniuaisuanangulles

@19 profoxydim (@190 8ug9n199 19 Uragie bl

ACCase) has propanil (aﬁi‘ﬁﬂ/ug’\‘iﬂﬁ‘zu%un’li
Fuamzviganuas Tussuuuas 1) fadu Arsuusin
Thneasnsdinnsuyuilaunisldans profoxydim
wae propanil L‘ﬁﬂmurﬁ;uLL@:@Mmquﬂix‘nﬂﬂi
aasunuaslulanifruniuans pyribenzoxim
Tuundasaly
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Evaluation of Pre-emergence Herbicides Efficiency for

Weed Control in Curcuma Lanna Snow Fields
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Abstract: Weeds are a major problem for Curcuma hybrid cultivation at every growth stage, thereby increasing
farmers' cost of labor. Using pre - emergence herbicides may help reduce the cost, but it could have an
undesirable impact on plant growth. Therefore, the objective of this research is to assess the effects of pre -
emergence herbicide application on Curcuma Lanna Snow germination and growth as well as weed control
efficiency, including the incremental costs for using each herbicide. The results showed that application of
atrazine at 270 g ai/rai, indaziflam at 10 g ai/rai, isoxaflutole + cyprosulfamide at 9.6+9.6 g ai/rai, oxyfluorfen at
47 g ai/rai, pendimethalin at 198 g ai/rai, and sulfentrazone at 115 g ai/rai did not differ significantly and resulted
in 74.5 % average weed control efficacy 14 days after application, and did not adversely affect germination,
plant height, leaf width, first-leaf unfolding time, and dry weight of C. Lanna Snow 21 days after application.
However, marginal analysis revealed that using atrazine as a means for weed control is the most economically
efficient. Information about germination, plant growth, weed control efficiency, and marginal efficiency of each

chemical indicated that atrazine application was the optimum method for weed control in C. Lanna Snow.

Keywords: Curcuma Lanna Snow, pre-emergence herbicides, weed control
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muua‘qmuiumimqmmwmmﬂuﬁmm mﬂmmaﬂmnumwmﬁjwmLmunﬂuq@ﬂmmlummmmuwu
Fruussali adnslsfimunsldansindndaienaiuansznusennasyfulasesite duiu euiseil
Aaddmguazasdietszifiunansznuudsannidarsdesiurindadafaununeuseniifidanissanuas
mswsoyiuinvesyuunaiuualud saanaunisaauaudang a‘quﬁ\ﬁLmmw‘ﬁ’funummﬁmmma‘ﬁ%mﬂ%
ANTUARTTIA HANINARBINLIN NINUANT atrazine 8RT1 270 ﬂ?ﬂ@ﬁi@@nqméﬁiﬂﬁ indaziflam 8ms1 10 nFu
miﬂ@ﬂqv}ﬁrﬂ'ﬂi isoxaflutole + cyprosulfamide 8791 9.6 + 9.6 m‘s\lmﬁ‘@'ﬂﬂqmm@iﬁ‘ oxyfluorfen 8711 47 ﬂiu
miﬂ'ﬂﬂqwmﬂiﬁ‘ pendimethalin 8791 198 m‘uﬂﬁi‘@@ﬂq%ﬁm@iﬁ‘ LAY sulfentrazone 8M31 115 m‘u@%‘ﬂﬂﬂq%ﬁ
sials amnsnpauAndaNalnean 14 Fundsnuans Ihadamingy 74.5 % wadllunnseiueshediiad Aoy
Tnelidanai@aniasianisean mNgs Aundely nemaluuan LmzﬁwﬁnLLﬁ’wmﬂnmmmumaTm’m T
WAINUANS Bl lafinnn Lﬁ'fa%Lm'mm’ﬂajm’ﬁmwm@\mﬁﬁ%mi‘lﬁ’miﬂmﬁuﬁﬁmffmﬁml,uuri@m@ﬂ WUI1 N3
WUa"T atrazine ’Lum@@wmmmmﬂumﬂumumumﬂmm @Wﬂ‘ﬂ'ﬂm@W%ﬁ’]uVﬂﬁm’]uﬂ’]N@ﬂLLZ\IVHWTL‘Q?EULMUIM
2990% AYINAINITD UNIATLANTTIRTIRIA1T WazN1T3IAIELsTANENINT8INITNAT FWfudnaasiden
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AdAty: tunaunalud ansnandaivauuunewen nanauaxdaNg

AN nernsnslandgndyuuinialdaninudasdgn
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Hasduntandsdad ldiwnnzan (Mahajan and M lFneanIdwlaadnsa1ulunistiesiundm
Chauhan, 2021; Pannacci et al., 2020) ¥4 Bhartyand  Taeiviali) inwmsnstfilgninusnlonsaudiu inewises

Kumar (2017) 3687197 nstiasiunnd adafiad il wlasuazindndangnisluulasign wd9anniiy
UszAvnmdaarinWnananueanineiiu (urmeric  asdinslddanaquiu viedussuaulunistleiu
thizome) AR 70- 80% ueNANH N suteiues nndpdgingluutalgniyumn (Vichailak, 2005) audis
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fidudndny WenBuuiaudunisindadafiadas  finanoundnedudy Hudznasfiaundesuseansy
ﬁ@@fjwqﬁfaﬂm%@ (Eshetu et al., 2015) @Tﬂ%u NANTENU waTddnNIN sl ansnad N TuLLAewaan (pre -
FiAnaNNIIsUNIuIasi s adinaninliUsuans  emergence herbicide) AR nnsTlaariusnd st
wazAMNINTBINANAR B NTgnanasls fifiszavinmgeuazanunandfinuldenisa

Unuun ﬁm@aﬂ'luzﬁqmﬁyu (Curcuma) 189 eraiflumaideniivenzanlumstasiuidadaie
WATY (Zingiberaceae) wlulsTein zﬁ”ngﬂmqmwﬂ fﬁ'f;\mfm%\'imiﬂqﬂﬂnum (Bundit, 2019) 897190
Farsuldfunuiimin (Vichailak, 2005) ﬂnumﬂu 419 atrazine, metribuzin, oxadiargyl ka& pendimethalin
1ﬁmﬂmegﬁ@ﬁ'zﬁwﬁmm@ﬁmmm@’mn@”qﬂﬁ Lﬂumiﬁﬁm%ﬁmLLuudﬂuq@ﬂ'ﬁImmmﬁmuQN
Tnadszmalnadsnaniaiugiyuniseildszann Fadaldluad u (Bharty and Kumar, 2017) 8143
2-3 &uvin Wdelszimad Yu anigawing - s delainumeunisAneAdafeiunsldans

LAYIULEATUALA (Kamenetsky and Okubo, 2013) mandansuunawannelsianwilalgnivusn
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Tutlszmalne falu dngilsvasAuasnisdneiqe
Tupsstiamnelsyildunansenumaanldansnian
JENTuuunauanNdAan1NanuarnisAuln
gesdnuuIneldaninudasdgn wasiseiiiyg
AMANNsa NN LANITNTIBIAN TN TR
Walunisdannisldaisnidadaiaiu nawan
o o o o o o A 1
gwiunstTaaniuniandaia lulyusnsielyl

4 a
AUnsaluazIang

nsdssiliunansznumeluNIuLaY
ANATNNIDlUAdLANTTNTUAIAINIF AN NA R
Jrnguuunewannelfaninudlaslgn adiunig
AN134E 1 uaInAABIIRIARTLINIIN1IW RN
et lnenltualisudesnnannnszsas 3
2N9UNA8 AUdAT eI sznd1aReunINg AN -
AULEU W.A. 2562 NN UL NN WWTaWWN
alud (Lanna Snow) 2u1AURNAUENANG 2- 2.5
VIURLNAT AU 432 99 Ugnadullasauin 1.2 x
1.5 wme Mz rilgnazndnami 30 x 30 LIUFLNAT
AUl 12 Auseutlasees Aguulassaaunaudig
a2 Alansiraulasten uwazlihuuyaades
dlanviay 3 Ass

IMNUHUNIINARBILL U Randomized
Complete Block Design (RCBD) a11421 4 $1 9
N99N3T #9 Table 1 Tnainn 1IN wansA e dan
ANTULLATWIENA (knapsack) mm@mﬂ‘w AN
L@Na (flat fan) mﬁumﬂa‘mmmmmwum (spray
volume) winfiu 80 Amssials Tuindayanisean
warnisRy AL invelnuu wazn1sAILA N
SrRTr09uianIsnds fasielud

@ 4 s s o a

1) wesidusmssanrasinnusuaznmsiaulnuas
Uy

- wafifudnisanaeionug Aaenistiy
o £ dl Y o a a v XK o o
AUUAULY NN AR URAAY Lmem”Lﬂmmm
Lﬂ@mummm@ﬂmﬂmmmi (mmummfaﬂ /A1191
mwﬂ@ﬂ) x 100 71 21 Sumdanivgns

-ANHEITRIA Y AaenisdnanTaudy
- 44 4 4 e e
astanglungeangaiesului 21 Jundanuans
FudoenumuRumng

v £ o ] dl £ dl

- NN L AenedRandaunndengn
2aauiulUR 21 Sundaniugns Rudosduauiiums

-n19AAULIN A98NTTTLANUIUSUAILA
Furuansaunszivdyuunluusnadean Auuae
ST

Table 1. Herbicide rates and experimental methods used in the Curcuma Lanna Snow fields
No. Treatment Rate (g ai*/rai)

1 Hand weeding (at 1 and 2 WAP') -

2 Weedy check -

3 Atrazine 90 % WG 270

4 Diclosulam 84 % WG 12.6

5 Indaziflam 50 % W/V SC 10

6 Isoxaflutole + Cyprosulfamide 24 % + 24% W/V SC 9.6+9.6
7 Oxyfluorfen 23.5% W/V EC 47

8 Pendimethalin 33% W/V EC 198

9 Sulfentrazone 48 % W/V SC 115

'WAP = week after planting
*Pre - mixed herbicide

3 . . . .

ai = active ingredient
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—ﬁmﬁnuﬁ’wmﬂnum Fagnnsderiamin
TnavindauwmileAuaesdullyuuniiiieny 21 fu
udavinans leufignuunfl 60 C uu 2 dilaned
wiaeuniusiasy

2) ANNAINITA LUNTATLANITNT

Uszidiuainnisrauaudangtnesau (total
weed; TW) meﬂfm‘muaufhﬁmwmmﬁm dsznay
sinel S lundng (broadleaf weed: BL) S b
WAL (narrow leaf weed; NL) Waznn (sedge; SG) Tnel
n1sdssiiuAeanenn (visual rating) Usegniiniu
3319984 Vanhala et al, (2004) Hezdunnatlssiiui o
29100 % l&urt fisesi 0 % Aeliamaneaua it
1%, sz 50 % Aepauandafeldiunans wazi
92611 100 % ﬁfammuﬁmﬁﬂﬁ”ﬁ”mm wEedieuiy
ﬂ’mm@mmwmmam (hand weeding) mewﬂ@@ﬁ
qmwmuiumu (weedy check) Lnuuumﬂmfamm 7
waT 14 Smaaniswuans Nudoeidulefidus

3) NSILATITUNANWADA
indayalafifusinissanaesianuguas
nisasaAulne9lyuNn waznisAauANdTNG
189usaznssits lAmziANAMLLsUsunNadE
ez RauifieuAnaaadaeAiaes Fishers protected

least significant difference test (LSD test)

4) N15ALATITUR A

o o ] a v

wwmmumwi'amuwudqutﬁum'aanﬁu

iqUN1998N BRZNITAILAN

o @ o o

’Jﬁﬂﬂiql‘ﬂﬂ’]‘iﬂ’]'ﬂ ATNTULLNBAUIDN

o

darianisszydanesuislaliuadns

wialselaadnngasasunundald suidails
UAUBNITIATITHAAAIUNIBNLATNITAIL AN

Jangdaiasiasmuding Taelduannisinsed

L , 4 o s

AU (marginal analysis) FenaifTe e usasas
4 e i

nlaguulasaasnisensesasaznisilaguntas

1096 U U HazFeaaznisasunlasrasnisacuau

Janasafasaznislanunilasesuny 1esusay
as aaa o o d’l

N29N9T LABNITNIIANUILAST
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- NNFANUILA U UIIN Usenausiag Aans

MNAAdINTULLNBWIAN ATLINIU LATAIAITEUNNS
Ugnuarguaine faaarni199an1e9lynuun uay

al
1%

foruaznnsmuANI TN

- AuunlinssNAannsUae s N Tl 1suNIL
\Iugu (based-line) ATLIUTREAZALY WIINEIURN
fornznnssanauiia uaziesaznsatuANTNTAIY
N 299uFAaZNINA TN aeuAUNTINA TN e
o a4 X = o o kg
FENTUTUNY TIN1TA U Adsie lIT
FAEATAUNUIINAIULAN  ANUIDIAINGAT

ve - T1C6-TC,

x100
w
T MC, An Yosazfuyumndfiies
nasuds 1, TC, Ae funusanaeanssyds i uaz TC,
Ao funusanmesnssdansUdessaiaiusunay
Sasnznnsendauiia uazfanaznsaaunu
Feadawiin AMurnanngns

MG =G, -G,
MW, =W, ~W,,

A

Tny MG, fie faaaznisandsuiiiy
aa - A v o A
299093035 |, MW, Ae feuaznisacupudaie
G uar W, Ao fauaz
n13ven wazfeuazn1IAYLANIINT1RNTINAT |
° o dJ A ¥
pananau @9 G, uaz W, A fauaznisen was
A P L P E AT L S TN e D s BN A LR AT

AU NURINTINAT 1,

Fusunan muasL

MEIRINTY Auonnazauieu
fpuaznisilasuudataesnisensaiesaznis
Lﬂ%’v"ﬂuuﬂmmmﬁunu wazazazniswanuutla
mmma‘muQm“snﬁ‘nﬁi@?@ﬂ@:ma‘ma‘ﬂuuﬂm
BIAUN Y TnaiFouilauAadnresrisagadn
39N nnsimuanssNAENsdesdaR usUNY
dugiuluniswSauiey lnadasaaaninag
LARST A AN TS RALANA AR AU U gendn
109n770A BN an S daNTwunausanluy
n13tlgnuvuun (Hutchinson, 2017)
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HANITNAARY

NATBIRNSTINAAITNTULLNAUIANANFARN59aN
waznsiasaALlaaslyumn

nsAnelefiduinissanaaeiniug

Lmvma‘ﬁuimmﬂwumﬁ 21 TUNAIN1INUANT
wudn wWefidusinissanaaeiaiug aanuge
Anundaly n1sadluuen ezt udnuires
Unuuniauuansiteiuet NEd Aty n19aia
(P<0.05) iefifusnisaanaesiaiug wudn
NNnesNdtdenanniUnundnissanladumnsing
annasnndndaiaiaaie agludaq 25.7 - 32.0%
waziAongeliunnsnaiuesludag 31.3-32.9
VURWAT ATNATAL 8N UNAIN1TNUANT
diclosulam dsnaliiatlnuunldsan doupanundna
luresdyuun wudn n1swuansindndangynatia

#nLIUa19 diclosulam, oxyfluorfen, pendimethalin
waz sulfentrazone denalisulnuuIANndng
U 5.4 - 5.5 wuRwns deliuansneainnisinge
JaNgAatie (Table 2)

mm?{‘lmmmmﬂnum WU NITNU
ma‘ﬁﬁmffmﬁmwﬁmmmv‘iﬂﬁtﬁmmm?ﬂmm
209U NNN1T99 24.3-27.3 FUNAIN1TNUANT
NMIWUANT atrazine danavinlfiAanisaaluusn
sastlyunifidiuauiudanfignie 22,0 fund
nsnuans lwanzisuauiulunisadacly
dwunssuiaau 7 Wuananeiu dminuies
Ununn wudn naswuasnndndananaindeng
yinlnuaniiiminudeaessdumilenulsl
wanseiues ludae 0.29 - 0.38 ninsas Y anLdu
WAIN1INUANT diclosulam TnudawmiiaAuaas
FuLluNN (Table 2)

Table 2. Effects of pre - emergence herbicides on mean germination rate and growth of Curcuma Lanna

Snow at 21 days after application

Treatment Germination (%) Plant height (cm) Leaf width (cm) First leaf unfold (day) Dry weight (g)
Hand weeding 2714 319a 51b 27.2a 0.23 a
Weedy check 26.4a 329a 5.3 ab 25.0 ab 0.33a
AZ' 319a 31.3a 55ab 220b 0.35a
DL 0.0b 00b 0.0c 0.0c 0.00 b
IF 26.4 a 31.8a 55ab 258 ab 0.29a
IT+CM 28.5a 314a 5.4 ab 25.8 ab 0.36 a
OF 320a 31.5a 56a 273 a 0.36 a
PL 319a 323a 57a 243 ab 0.30a
Ry4 257 a 324 a 56a 25.8 ab 0.38a
LSD 8.40 2.41 0.51 5.06 0.15
F - test * * * * *
CV (%) 22.67 5.86 7.21 15.46 36.66

'AZ = atrazine, DL = diclosulam, IF = indaziflam, IT + CM =

SZ = sulfentrazone

isoxaflutole + cyprosulfamide, OF = oxyfluorfen, PL = pendimethalin,

?Means within the same column followed by different letters are significantly difference between treatments by LSD test (*P < 0.05)
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UseANENWARIRITANARITNT LU LN BUIDN b
N1SAYLANITNY
nnsdsziiuilszAnsninnisaouaudane
Taaigan (TW) wudn nnsmauandanaglne s9unas
nsnuansuiazafiag 7 4u Ssvdunisszidfiu
¢/ l1199 82,5 - 90.0 % HAINUANFNNTUDE 19
WadAtynisaia (P < 0.01) AUVAINNINUAN ST
1434 %qﬁa‘xﬁuma‘ﬂimﬁuﬂﬁumq 63.8-77.5%
anduN1INLANs diclosulam T AINLANANNMAY
nIniuas? 7 uaz 14 Su iledszidulszAnsnmn
nisauANdaglundng (BL) wudn udannswuans
winzailnd 7 $u fezdunistlssfiverludas 95.5 -
100.0 % T UANAINAUNNADAAUNAINITWNUANS
7l 14 Su Fszsunistlszifiuetludag 97.0-99.8%
ENLAU N1INUAT oxyfluorfen, pendimethalin Wag
sulfentrazone Hn1spouAudaNalundieanag
fmjwﬁﬁﬂzﬁwﬁmmmaﬁﬁ' 14 JUNAINITNURNT
dauntsdsziliusr@nsnannisasuandai e
TukAn (NL) wuan VRINNINUANTUAAZTTAT 7 U
Hezaunisdsziiuegludas 98.8 - 100.0 % 14
WANANSTUN AR TUMAINITH AT 14 51 3
szAunfsdeziiueg ludas 99.3 - 100.0 % unidu
N13WUaNT sulfentrazone An13AIL AN TTN T
TUUALAARIRE NI AT N9AD AT 14 Tunds
NINUA1T UAEN1TUTTIRUYsTANENINNNTALAY
NN (SG) WL MEINIINUANTURAZIRAT 7 T1d
Hezaunislszidueelugas 85.0 - 96.5 % lalumnsing
FUNNABRTUNFIN1 TN AR 14 Fu Fozdy
nstsziiineglugas 81.3 - 98.0 % anidu N13nuaNs
atrazine, indaziflam Wa isoxaflutole + cyprosulfamide
finnspununnanasetiaituddyn1eaing 14
JUNAINIINUENT (Table 3)
NUUANAUTIINIENINITHLIIAUAY
NINUUAZNNTNUAIINIAATINTULUN A UDNLEAY
1iasietlsz@nsnnnisatuAndTNTetn g Aty
N1940 7 (Table 3) N1FINBAIINITATTNTLL UMDY
senqnafladinisaoupusaialaasauanaci 14
TUNFIN1TNUAIT Viixﬁumiﬂimﬁuﬂﬂﬂuﬁw
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63.8-77.5 % WiawAauiflauiud 7 Sundenisviu
a19 Hezdunisdevifinegludag 825-90.0 %
anFUNTNUENT diclosulam A LINLANLAN AN
wFansulusuR 7 uaz 14 Wefiansnts=@ns-
nawnasaruAndaRglund1e wudn n1swuans
oxyfluorfen, pendimethalin k& £ sulfentrazone Y
mamuauﬁﬁﬂuniwmmﬁ 14 JUNAINITNU
a9 ?{i:ﬁumiﬂiuﬁuﬂ@wﬁm 82.0-87.5%
WewSouidansud 7 Sundanisviuans sz iy
nstsziiined lugae 95.5 - 100.0 % lwdanaluway
WL91 N1INLANS sulfentrazone AnsaaugRdaRaly
LALIAAAST 14 FumdaniIwugns Fsvdunistlssii
95.5 % (e FauRauiud 7 Sundenismiuans
HszAunsdszifin 100.0 % wazludunn wudn
N19IWUANT atrazine, indaziflam Wag isoxaflutole +
cyprosulfamide An1sAIL AN ﬁuﬂﬂ@mmﬁl 14 97U
NAINIINUANT ﬁi:ﬁumiﬂiuﬁuaﬁwﬁw 73.3-
81.0 % e RatRaURUR 7 Sundennmwuans ai]
seAUNTTUsziiuee 11T 86.3 - 90.3 %

NNSAATIEURARIUNITIDNUASNITATLANITNE
dowiinsadunudiuinaasnssuisnisldans
AR NTWLLNAUIAN
NNFIATIEUARAIUNITIBNUATNITAILAN
FrRadouinsedunudiuiuaasansindaiaie
wuureusendaanisiianidauiia uaniefine
WU91 N1INUANT atrazine ‘Lﬁm@ﬁwﬁ’ﬁ'ﬁmwﬁum
ﬁuﬁunumn‘ﬁlqm sraluudzesfonaznisen waz
fauaznisaquAndantlaason Inaldndou
ﬂ’ﬁ\‘i@ﬂLL@Zﬂ’Wﬁ‘ﬂ’JU@QJ'ﬁW“ﬁ@'QuLﬁINﬁi’ﬂﬁunu
dowiinAnidu 1.44 nanie c-ﬁ’mquﬁ' Fadudenay
1 410190 AN RIIN9BNUAZSMINITAILAN
Jaglfadeteenas 1.44 wiadunisifiugnm
na3sanfennz 0.65 LazNIIANSAIINITAILAN
JaRadenay 224 dledauiunssuianisdes
ffmﬁﬁmumu (based - case) %mg"lm:ﬁu'ﬁ'qqndﬂ
NaINABAMU ] 789A9N1AE NTWLANT pendimethalin
ﬁﬁmwmmﬂmmzﬁmmmimuQué’mﬁmﬂlmﬁu
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Table 3. Effects of time and experimental methods on weed control efficiency after pre - emergence herbicide

application in Curcuma Lanna Snow fields

Weed control (%)

Time Treatment
™w? BL NL SG
7 DAA Hand weeding 100.0 a* 100.0 a 100.0 a 100.0 a
Weedy check 70.0 gh 92.8 ab 99.3 a 78.0 efg
AZ? 82.5 de 97.5a 98.8 a 86.3 cd
DL 96.3 ab 99.8 a 100.0 a 96.5 ab
IF 86.3 cd 100.0 a 100.0 a 86.3 cd
IT+CM 90.0 bc 99.8 a 100.0 a 90.3 bc
OF 88.0 cd 100.0 a 100.0 a 88.0 cd
PL 82.5 de 97.5a 100.0 a 85.0 cde
SZ 85.0 cd 95.5a 100.0 a 89.5 bc
14 DAA Hand weeding 100.0 a 100.0 a 100.0 a 100.0 a
Weedy check 4501 76.3d 925b 76.3 fg
AZ 70.0 gh 97.5a 99.3a 73.39
DL 97.8 a 99.8 a 100.0 a 98.0 a
IF 73.8 fg 99.5a 100.0 a 74.3 fg
IT+CM 77.5 ef 97.0a 99.5a 81.0 def
OF 73.8 fg 87.5 bc 100.0 a 86.3 cd
PL 68.8 gh 87.5 bc 100.0 a 81.3 def
SZ 63.8 h 82.0 cd 955b 86.3 cd
F - test *% *% *% *%
(Time X Treatment)
LSD (P < 0.05) 7.39 7.49 3.15 7.01
CV (%) 4.16 3.89 1.60 3.81

'DAA = days after application

‘AZ= atrazine, DL = diclosulam, IF = indaziflam, IT + CM = isoxaflutole + cyprosulfamide, OF = oxyfluorfen, PL = pendimethalin,

SZ = sulfentrazone

*TW = total weed, BL = broadleaf weed, NL = narrowleaf weed, SG = sedges

* Means within the same column followed by different letters are significantly difference between treatments by LSD test at

P <0.01
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faray 0.46 Az 1.51 dasunuiiuiufeaay 1
pxanay tnaAnduA @A 098 axiiiugn
NN AT atrazine HEAIINIINBNUATAILAN
JaNTganI1n19W1a1s pendimethalin N95aeas
32 4anAaNnid 19N WA diclosulam 198691
nsaquANdTN AU Ngengniefanay 2.82
at19l3fin aredananalnadudanisean1ey
Walunn I lidRsNIsandauNAINIINgINAS
{ o A d?j =KX v ]

nsdaesdanaausunau Defeuas 1.89 ludqu
2839n19N9903 N 14ndTNalnen 9w Dausld
8R9NN19ALANITNTAINAR Wl LWUdIBIATHAN A
oy T S a5
fafunuudiatlussAui1Ngn Wesanifuyu
7144 (Table 4)

a L4
19T

HANTENUNAIANNNUANTNNSATTN T
WULAeUIRNLARZITAR 21 FU WLTA d13ANSA
Fenguuunausandaulve ludenanailofiduss
N1998N289%R UG AINES AuNF19Tly nnsAd

luusn Lmzﬁwﬂﬂuﬁwmﬂnum Tnedulafifus
N139BNUBININUF AITHGY wazinmTnusislal
LANANITUNISERA FUZANIINUENS oxyfluorfen,
pendimethalin Wag sulfentrazone danalsiiAnieas
Arund1gluninndinisindndangsasdaatig
AdadAyn1eada WANAINT N1sWIENT atrazine
deuavinWfdnuuinalousnld aiiqai 22
Tunaalgn anadiaannduldladn a1s atrazine,
pendimethalin Lay oxyfluorfen @1u13nUNA 1T
pauAndTReluulasgnitefi Rane s saiy
16 (Bharty and Kumar, 2017) e’?faﬂnuml,ﬂuﬁmﬁ
ﬂ@nmmmﬁuﬁé’meﬁmﬁnﬁulﬁaudmﬁmﬁmﬁu
Asannldatsniidndanaununeauianfanana
faagmanisldansilndideeiuls Inelddena
@anIesian1998NLazN19a sy AL IR e 9L NHA
#NdUNIINUANT diclosulam 86151 12.6 NFNAIS
@aﬂqwaﬁrﬁiaié m'\mmfuéa\wifamimﬂm\iﬂnmm
agvanysnl nanaae Walyuunliaiunsasenuay
W3 iu TR lEmAsinnannans G9ans diclosulam
snaflunguans triazolopyrimidine finalnnsduds

Table 4. Marginal analysis for pre - emergence herbicides application in Curcuma Lanna Snow fields

Treatments MC? MG® MW* MG to MC ratio MW to MC ratio  Average
Hand weeding 80.0 0.7 42.5 0.01 0.53 0.27
Weedy check 0.0 0.0 0.0 - - -

AZ 8.4 55 18.8 0.65 2.24 1.44
DL 14.0 -26.4 39.5 -1.89 2.82 0.47
IF 14.7 0.0 22.5 0.00 1.53 0.77

IT+ CM 15.2 2.1 26.3 0.14 1.73 0.93

OF 22.0 5.6 23.4 0.25 1.06 0.66
PL 12.0 55 18.1 0.46 1.51 0.98
SZ 24.0 -0.7 16.9 -0.03 0.70 0.34

'AZ = atrazine, DL = diclosulam, IF = indaziflam, IT + CM = isoxaflutole + cyprosulfamide, OF = oxyfluorfen, PL = pendimethalin,

SZ = sulfentrazone
“MC = percentage change of cost
‘MG = percentage change of germination

MW = percentage change of weed control
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n1sdaasnzianlasl acetolactate synthase (ALS)
dadueulnmanfifiunuimnlunisdanzings
xR luluia (Matte et al, 2019) Tasin19N1&N9
diclosulam 718721 12.6 ﬂ'i‘“um'a‘@@nqw'?:fﬁi@ié 814
anflugnsnisldansiguivlladananseny
g‘uua‘wifamiﬁqmew‘mmﬂzmu?{zﬁﬁmﬂuﬂnum
mdldanunrasenuaziasduinlanulnfvas
Tasuansludagnaifanang aeelsinin Aasd
U TR UNANTENUNAIRNNN UAN TN AT TN T
LLuuﬁ@m@ﬂ‘ﬁ'ﬁﬁi@mmﬁmmﬂnmm EPHBRLEY
nsldansfimanzansiansilgniyamisel
a19nndndaNTuuuneuIanynaiiail
wuoltdnlunisaoupudanalneson daialundi
Feialuuay uaznn anas TaenasnIsHuansR 7
U ﬁmimuqu%ﬁmmnndmﬁqmav@umiﬁ 14
Fu 1i09a1n NI uEN SR T AT LUL T aean
naldaninudasdgnivaludaggluenafinnig
gzdnalaenindu asuanlifinanisgo e S
a1nnand NI LULneRsan LT nLuTaRuaz s
Anveshiu AsdanasioANaNnsalunsauANdTNT
?ﬁm@mﬁmﬁumiﬁﬂwwm Khalil et al. (2019)
eI RN duRiAnaaun el 14 Sunds
NNINUAT AINTOTER19AT pyroxasulfone Nl
Tauls denavinl¥lTunuaesans pyroxasulfone
TuAuanas adnelsfnin quiauTRaeAuilil
ANUANANAUBNAEINARBN1TAIDEADIATNIAN
JrNTuLuieusanuiazaialauanmAaiuanaae
Tnewudn nasmaumndaialaanisldans alachior
LAY linuron ATHANNINNIZANAURNHLZABULL
peat soil (Rahman et al., 1976) 1UN13ALANIENG
210947191 AT TN T ULARZTTA WU AN ATIN D
nnadadnisasuandsialnasonldunnsineiuy
NNADA NTUNITNUANT diclosulam 8731 12.6

ninaseangnasels in1srauandanalaesans

unfgadeliuansramieadfnunisnndndang
Fneiie 81aLuWNINY N19INLANT diclosulam NE M9
12.6 mumm@ﬂqmﬁmh uﬂimmmm@ﬂqwﬁ
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ans diclosulam Tun1spauAndrRTluuaciamans
fe1dmanfiag 3.5 uaz 4.2 ﬂfﬁl@’]?@@ﬂﬂ%éﬁl‘@iﬁ"
(Singh et al., 2009) mﬂma‘mmmm@ﬂqwﬁm
A Bunmiigesanans Asdenarinlanseangns
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Abstract: This research aimed to study the efficacy of some fungicides for inhibition of powdery mildew
fungi in strawberry plants. Twelve treatments were established using the highest recommended rate
of contact fungicides; electrolyzed oxidized water (EOW), sulfur, aliphatic hydrocarbon, sodium
bicarbonate, mancozab, and systemic fungicides; azoxystrobin, difenoconazole + azoxystrobin, triforine,
metalaxyl, penthiopyrad, and carbendazim. Sterile distilled water was set as a comparing control
treatment. After Incubating the fungus spore for 6, 12, 18 and 24 hours in each treatment, consistent
results of spore germination and viability inhibitions over tested time were observed. The trials for 24
hours, we found that EOW, sulfur, aliphatic hydrocarbon, mancozeb, difenoconazole + azoxystrobin,
triforine, metalaxyl, and penthiopyrad chemicals showed non-statistical significance of the high rate
spore germinating inhibition at 99-100 %. However, FDA stained treatment for detecting spore viability
under inverted fluorescent microscope, EOW, sulfur and aliphatic hydrocarbon treatments revealed
non-statistical significance at very high rate to inhibit spore viability as consistent for the results of
germinations trials. In case of mancozab, rate of spore germinating inhibition was very high at 99.81 %, but

low rate at 54.43 % of spore viability inhibition was determined. Although sodium bicarbonate and

89
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



M5A15NAT 38(1): 89 - 98 (2565)

metalaxyl showed high percentage of spore germinating inhibition at 78.35 and 86.01 % respectively, the
ability for inhibiting spore viability was not sufficient. This results revealed that some fungicides effectively
inhibited spore germination of powdery mildew fungus but could not successfully suppress the disease

due to ability to inhibit spore viability was not sufficient.
Keywords: Strawberry, powdery mildew spore, fungicide
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Figure 1. Symptoms of strawberry powdery mildew and morphology of fungus pathogen under microscope. A
and D: symptom on leaves; B and E: symptom on flowers; C and F: symptom on fruits; G:

conidiophore and conidia; H: conidia; I: germination of conidia

Figure 2. Characteristics of strawberry powdery mildew spore after incubating for 24 hours. A; spore

germination in sterile distilled water (control) B; non germinating spore in sulfur treatment
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Table 1. Percentages inhibition of spore germination and viability of powdery mildew fungus after incubating

in 11 fungicides at 6, 12, 18 and 24 hours

% Inhibition of

% Inhibition of spore germination1

spore viability2

Treatment
6 hrs 12 hrs 18 hrs 24 hrs 24 hrs
sterile distilled water
control 4333 23.06°  10.05' 0.00° 0.00°
(DI water)
EOW 100.00°  100.00° 100.00°  100.00° 93.34°
sulfur 100.00°  100.00° 100.00°  100.00° 91.56°
fungicides aliphatic hydrocarbon 100.00°  100.00*  100.00°  100.00° 89.05°
sodium bicarbonate 68.94°  60.59° 79.61°  78.35° 0.00°
mancozab 99.67°  99.79° 99.72° 99.81° 54.43%
azoxystrobin 75.08° 50.87¢ 60.36° 44.39° 93.82°
difenoconazole + azoxystrobin 99.16°  98.51° 99.80° 99.71° 60.59°
triforine 98.72"  96.93% 99.46"  99.73° 59.72°
fungicides
metalaxy 92.33°  88.26° 90.12°  86.01% 0.00°
penthiopyrad 99.68° 99.87° 100.00° 99.76° 48.10°
carbendazim 56.04°  66.34° 35.88°  49.54° 68.59°
CV% 4.47 6.40 6.07 11.66 11.06
LSD 6.48 8.84 8.31 15.68 8.49

" Inhibition percentages of spore germination in different time compared with control

? Inhibition percentages of spore viability after dyeing by FDA solution

® Values with the same letter within a column are not significant at P 2 0.05
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N1TATIAdaLUN1THTIAnTeAUesdLlas-
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217UAFNN ) NAINT3TaNFAE FDA LATATIAG
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44 Table 1 41984 wudn atlefeuileddudaty
g7 4180 Tulefifuddudanisiizinsen
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N19a0 R LA un azoxystrobin, EOW, sulfur ba e
aliphatic hydrocarbon I i faeasnasey & g
n12l3Tmsaninny 93.82,93.34, 91.56 uaz
89.05 % MANAAL 14T sodium bicarbonate
waz metalaxyl llfnnsaneaevdtesiag (Figure 3)
d2U carbendazim, difenoconazole + azoxystrobin,
triforine WAY mancozab ¥aeaznisduganiaiidin
samvirayin lWatlasutdemnelfivintiu 68.59, 60.59,

59.72 UAZ 54.43% ANNATAL
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BF

FDA

Figure 3. Viability of powdery mildew spore after 24 h incubation in sterile distilled water (control A,D),

sodium bicarbonate (B,E) and sulfer (C,F) visualized using inverted fluorescent microscope under

bright field (BF) and bandpass filter for fluorescein diacetate (FDA). Spore exhibit green

fluorescence with FDA indicating viable spore (VS), dead spore were not fluoresced. Scale bars

indicate 50 um
qusrﬁwamsmmm

mmmmﬁmgﬁu%wﬂmﬂﬂ{muﬂqﬁ
wulunimmaaeuduldaiudneaiznisaiuun
apluaiia P. aphanis Tne Ale-Agha et al. (2008),
Braun (1985), Calis et al. (2015), Glawe (2006) Lay
Meeboon et al. (2016) LL@:Lﬁ'@ﬁqmwmmuﬁu
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'lfﬁ’luﬂﬁiesi%%mﬁuﬁﬂ“lﬁ (Kim et al., 2000) LAY
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wRalAA @9 sulfur a1N91891% Tammasomn et al.
(2017) Wu41 @arunsnanniNantasdlasauila
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NFUADYN 20 ART ANEIRL uarA1AdnluEns
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NufnresatafinlfiAantsdaaaenisuanitlaey
789811017 (Reid and Seifert, 1982) 814151 sodium
bicarbonate AWUAN F1lszAnarnlunisdud
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A 60.59-79.61 % A0AARDINLINEIN1UTD
Demir et al. (1997), Fallik et al. (1997) Waz Tammasorn
et al. (2017) atnelafininlunimaaesildiaue
HANTIATIAEAUANRTInTanva9ata Fanutl
AatNN9faNans FDA WAZATIAANITTAILAITD
adasnialinaag inverted fluorescent microscope
feazugnadenisifanssuaasianlniioameiss
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1Hiudanisld sodium bicarbonate 8134 2aa
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{RARAN P. macularis 1lRNNIaZasTTinAE 91Ny
(Reuveni and Sheglov, 2002) LALNANIINAAAIUDY
Keinath (2015) $181911431n19 1619 azoxystrobin
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du triforine Aisz@nsninlunisaaununiseen
gassilafuTe &R 96.93 - 99.73 % wlefaniu
miu?ﬁmuqu‘ﬁ' 24 dalus gaAAdITLNANNTN AR
994 (Lee ef al., 2004) W31 @13 triforine A4 ivlsn
sutlsluumenanilaauaunsodudsatlofaantd
100.00 % Tmﬂﬁmmmmﬂm@mﬂ@{mﬁ 0.00 %
ULAYRLT18911289 Paulus and Nelson (1988)
deldinimageudnadfldlunislestulsn
iﬂLLﬂdquuaﬁuwudﬁ triforine WaY penthiopyrad
fufantseanaesadefldAuanudsinalasldl
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Use of Biogas from Animal Feces as a Renewable Energy

for Small Water Pump Engine in Royal Project Foundation Area
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Abstract: This study aimed to apply biogas with a gasoline engine motor to drive a small water pump in 3
highland farms of Royal Project Foundation at <800, 800-1,000 and >1,000 m above mean sea level (MSL).
Hydrogen sulfide (H,S) concentration in the biogas at <800 m which produced from the manure of chickens
and breeding swine fed with commercial diet was the highest compared to the gas produced at 800-1,000 m
and >1,000 m farms which used the manure of breeding swine fed with commercial diet plus rice bran and
native vegetable and the fattening pigs fed with commercial diet (1,616.67, 776.67 and 1,533.33 ppm H,S,
respectively; P<0.01). It might be due to the effect of co-factors besides the elevation, i.e. the kind and the
number of animals as well as the quality of feed. The filter, made of media beads coated with Fe(OH),
being filled in 15x60x 60 cm of aluminum box, had high efficiency in reducing 99.84 - 100 % of H,S. The
biogas water pump engine was used according to the requirement of the farmers at 55.25, 22.50 and 68.50
min/day (P<0.01). Thus, it saved their expenses at 47.02, 19.15 and 58.29 Baht/day, respectively (P<0.01).
In conclusion, the biogas can be produced even at the attitude of 1,000 m MSL. It can be an alternative
energy for water pump in highland farms. The satisfaction of the farmers to the developed equipment was

evaluated by scoring. They were highly satisfied and gave the score rated 4.65 out of 5.

Keywords: Biogas, renewable energy, small engine, water pump, Royal Project Foundation
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Table 1.

mﬁﬂuﬁyuﬁ@uﬂ’ﬁwm‘imqmwm\umumm
BNBUNIAY bazAUdRI U ATINITNAIUE LN
anaaziie Aandndaalud Anugeannsyay
drmziatnunans 800 - 1,000 AT AT MANNGY
1,000 WAT ATNAVFU INEATNTHS 4 318495
fauaudnsiiasaazauiagandniasianan
wANGNaW A9uanlu Table 1

msv‘hﬂ;mﬂémﬂuﬁdwé'umsﬁuﬁﬁ
faneavdande (Figure 1)

-ﬁmLﬂ'f":*'fawum’ﬁuﬁqLmﬁqumm 6.5
weedn wuu 3 nezuanguimanay e ldfiraTanw
iWunasauunuinglaau (Figure 1A, 1B)

- GANANAITTININUALZBINA (mixer;
Figure 1C)

-gansasfing i fiinannlasanan
waausqeeinlansanlas [Fe(OH),] ussqlu
naesasgiHeNauIn 15 %60 x 60 LT UALN6T
(Figure 1D)

- VIR AN NUATI DA LIIA LG

Type of animal and size of biogas digester of each participating farmer

Attitude of the area No. of Size of biogas

Name - Surname Type of animal ] ) 5

above mean sea level (m) animals (h) digester (m°)
Mr. Sangwian Manthino > 1,000 Fattening swine 25-35 12
Mr. Ekkaraj Chaisilp 800 - 1,000 Sows and boars 16 8
Miss Sroythip Paisan < 800 Sows and boars 10 8
Mr. Wichit Sonloy <800 Young chickens 1,350 8

Figure 1. Biogas water pump engine (A), water pump (B), air and biogas mixer (C), hydrogen sulfide (H,S) filter (D)
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- NINe AR R I TN WL LB AgY
(CMU balloon digester) T4 Tangtaweewipat et al.
(2009) 1 uEAAAUIL AU 4 09 Tne 3 91899
AINANIBYUAIIUIA 8, 8, 8 GNUNATLNAT AIUBN
1 e A uaeanadaBen 1uie 12 gnuidr-
R Aesneazidenly Table 1 lnaldwanannaiin
LDPE Niansuziilugansenszuen duliguednans
2.1A7 HANE19 8 1uAg 1aludentAaundng
2 AT 819 6 LWAT AN 1 LNAT
NN1ANENIWNAN 4 e U TENINuReU
a a o K ¥ A Yy
Hunaw - Aguisu Tnenfuindeyanninau ladeys
d’ = o 9:: ¥ dl o K ¥
4 q4n F9neiduauIu 4 91 dayaniiunnilsznausae
ANINAN TN N IUT N ULATUAIHUT AN TD
Analalnsaudalns szazinainisldTunn wazen
90/ o (23 a (2] o\ d‘ =
unduuialaau (Wialoaes) Nanas lneFauineay
AITHLANAIANNIZALAIINGITBINBAAINTTAL
Umzialunans (3 vAu) ArseiAtAnLLsu
(ANOVA) &’ffmLLmumiwmmLmuzﬁumam (completely
randomized design) LATMIANNLANFINITNINNGH
Aqe Duncan’s new multiple range test AN i:ﬁ_gvlﬁ
Tnel Steel et al.(1997) wianAvdszilupnuianala
v dl [ % v A v
angldaraseuifanis Az 1 - 5 As antes
Nan DaINNgn

NANISIALLAZINTOL

WBanaindlalnsiaudalne luirgdanw
Rradananiildannyagniiuazans
WaulWug (Quuinuanftgianinanwisudndtn
NIRRT U AR Tusl Ty uazAuT WL
TAsan1suaanuealden) Inalalansiaudalns
(H,S) gandnyagnsrunazgnsudiugaeaguel
W untasanavatsusunzuazusivaanad 198
Ubd"AtY (P<0.05;1,616.67 vs. 1,533.33 vs. 776.67
pPM, A1HA1A L, Table 2)mummmmmfau
2891ATRIEIUTUAL mumﬂuiw uenainiidedl
nsanilaas SO, AENLN T NANNE (Al Mamun
and Torii, 2015) TngigAnsasatnNsnanLTuIUANT
H,S 1% 99.84-100% Hisz@nTningandnanaanu
2189 Al Mamun and Torii (2015) ‘1'7{1% zero-valent iron
fﬁqizqdﬂ@mﬁu H,S 16 95 % uazaeIuLed Kulkarni
and Ghanegaonkar (2019) #ildn12gadunein®
WUL 1 column 1U1A 12 83 an HS T8 92.41 %
ae14l3fiA nan1sAneanielaenndeciy
284 Tangtaweewipat et al. (2012) P8 W un
ﬂizmummammaﬁmmqLﬁ@qmeﬁuﬁ”w H,S
Tugihfinunaunsiaipdanusat ferric hydroxide

Table 2. Effects of the attitude above mean sea level (MSL) of the area, kind and number of animals, as well

as feed on the efficiency of water pump using biogas as fuel

Attitude above MSL (m) <800 800 - 1000 >1000 P -value SEM
Hydrogen sulfide gas (ppm)
Before passing through filter set 1,616.67° 776.67° 1,533.33° <0.01 13.33
After passing through filter set 2.67 0 2.00 0.1 0.44
Filter set efficiency (%) 99.84 100.00 99.87 0.12 0.03
Water pump usage
Water pump time required (min / day)' 55.25" 22.50° 68.50° <0.01 1.46
Biogas usage (m®/ hour) 1.14 1.08 1.18 0.23 0.02
Water pumping (m®/ hour) 1.47 1.43 1.47 0.29 0.01
Cost reduction (Baht per day)? 47.02° 19.15° 58.29° <0.01 1.24

““Means in the same row with different superscripts differ significantly (P <0.05)

! According to the requirement of the farm

*The engine used gasoline 95, 1.86 liters per hour. Oil price 27.45 Baht per liter
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Weadn lUnedeuiulenanfi1gdan 1 wee N =AINg
Pdyagnausiug gnsau uazyaunnsznila el
H,S 480, 1,773 kA ¥ 3,509 ppm AMNAIAL WL
arn90an H,S 18 97.3-99.3 % luansfinly
HAUAINA LU UA UL N AN uT s uaznasld
daegivan anasls 78.0-74.0 uaz 69.4-49.9 %
ATNANAL (P <0.01) nnsAne1luAseil danydn
% 23 = dl ¥ 1 a’l’ v
mummmmmwﬂwmnin ENGEEERVRE
mLi@iﬂﬂuuMﬂﬂmwuﬁmmmmimLmiﬂ
(mvmumwmmmﬁ 800 LuA9) LL@vN@@ﬂiﬂuL@ﬂ\i
poaauIsdaniagl An19nan H,S unndngnaiug
Massdaaa1nisdnagluansineuuariadn
Metlifiasannnisldainnsdiagluandausiveny
= o o v a = a
wasNain N lwarusllsuauldsfiu lnaanie
a Aa o - -
nenacilunadamadiduasddscnauanas
MiulAeaiUsI891uee Y Tangtaweewipat et al.

(2012) N3xydn ANTanINANAAAINYAGNTUNAUS

Nﬂi‘&l’?m H S u‘ﬂﬁlﬂ'l’]@’mll@@ﬂﬂlu LRZSUNNTEN
Lu‘ﬂﬂ@’m’&ﬂﬂm‘wuiﬂﬁi"i_l'E]"I‘MW?‘V]NLﬂ@?L“ﬂumﬁﬂﬁ‘ﬁ]u
mmmmm

mslduipiasiiuti
mﬂ%m%wuﬁﬁuﬁ’]LLN&Tuzﬂ;wum
6.5 w3aiin auaia % i Walddsrandnd taeld
ﬁ”w%mwmngaﬁm"ﬁ' Lgﬂﬂluﬁuﬁqqmﬂ
szfuNzIuANANTY nawansly Table 2 uay
Figure 2 310741 ﬁ?zﬁuquqmnizﬁuﬁﬁmm
U1unane 11nn91 1,000 wWAg Qandnudning-
FANINTUIA 12 gNUNATLNAT AINYAGN Y

25-35 69 MAIAI80I119471531Un19n1941
a 23 = dl Y o dll & o 1 v
gunsneaniatan e ldiueTeausiaanane e
muﬂd’mwﬁﬂﬁﬁﬁﬁqmwmnu@”Lﬁmemw'@Lmﬂ“uﬁ‘
L@mmﬁmmimmm WA 8 GNUIATINATVINTY
(mvmummmmmn 800 LHAIT) UATHARNINUG
mmumwzﬁq 800 - 1,000 A3 F9LuA TN
nlfanyagnaneusdwugiaassouainsdiag
v o a I~ o v Ql
NTANANTIAZIREALAT TN aadu (P < 0.01;
68.50 vs. 55.25 LAY 22.50 UNNABTU ANNAAU;
Table 2) FAAAABITLNNIANETBS Tangtaweewipat
et al. (2011) N9189U9 QIKARAIETINWIUIA 5.0,
7.5 482 10.0 gNUIATNAS TDUNEATNIUUN TG
annszAvUIngialIunans Waanda 800, 800 -
1,000 LAZ NINN91 1,000 AT TUANIWUASLAR
Unf 1 H91RAUAINNNIZAUAITNGY AINIIDNAG
Argdon nlfinauninauinaeagensin Ael
Suauviny 0.16, 0.37 UaT 0.41 gAUIANINATHD
d9lus (P < 0.05) R1ua1AU Amaral et al. (2015)
91897141 USHufing@an minanaInyagnaIves
TsviFaugnansayuiaininninlssizanudgns
& P - Y
weegn tpeEaugnIu uazlsaFaugneguiias
(0.970 vs. 0.865 vs. 0.474 vs. 0.326 m°N /kg volatile
solid; P<0.05 ANans L) daud3unmufngimuann
yagnaneduszinndrefuiidnldsneiy (P>0.05)
TnaflANTE1dN9 52.0 - 66.2 % TIANNULANANE19FY
a A @ A \ o
Hnaiesnrainnislianuisidgnininsinaii
uan1sldieTaseuduinlunnsAneasal
wanaldlu Table 2 W1 NszAUAIINGININNGN
1,000 A9 geudnfing@aninawin 12 gnunarfiues

Figure 2. Biogas digester, fattening pig and biogas water pump engine
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dl a o VoY a G % o (2 &
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95 l¥uNN9INIEAUAINGIAINTT 800 UAE 800 -
1,000 s A gTanananngeuinaIunn 8
ANUIATLNAS at9fladATy (P<0.01; 58.29 vs.
47.02 8% 19.15 UmAadu ANanay) wi liinase
U3uun1s MR 9T90 W (P>0.05; 1.14, 1.18 waz
1.08 gnuIANNATFada INg ANa1AL) LavtTuim
WNqula (P >0.05; 1.47, 1.43 uaz 1.47 gnuAr-
s o v 4 e dne L¥

wassadalug muanay) aedeyainldafaliiduua
fanvesetnelen 4 Jade An sALANNEITBINYT
TRALAZANUIUART T9u D9 U R T AaE R sa8
eTlAUa9dRT ANUIUERT WATAIUTHUARD
YFu10in13Raf 19T MHINNG19ALA NGBS
dif d' 1 @ a al' [ d”d o Yo
Wuf aein9lsnd nanldannnismaassidugulaqn
Lm:rmmuuﬁuﬁmmnivﬁuﬁﬂmmﬂmﬂmqmnﬂdﬁ
1,000 wmszull mmamN@mmmqmwmﬂmmm
wazthAnasanannun s lemd dauanwilaannidie
mm\‘imuLme”Lﬂumiﬂumimmm

P = = ! P | 2 ¥ A

walFauauanldanasetduagiluunh
WA aTanniunlduialadauuseuialagas 95
WU BN A IDILATAIELA IAEATUIDLALADN UD
LATDILUE ANTANTEY SINDILBNAATN 1 ETININ

TunsldauetnedsaNaduay 68.50 w17 Wuwan
=y 1 ey = d’lj a a L7
11 wuqn nslRngTan W wasi A ldans
wanilay 3,842.00 U lwansen lunsuinalaaas
95 HAnldaegeile 23,476.85 U nsldfngdanIw
astqsszndnlang 6 Wi (Table 3)

nsiszsiiupanuianala
nstseiiumauianalasag 14 una
d‘ rdl Yy = dslj a o
AniAzeat U I AN TN W wmeInae AU 4
918 TnadunnealmuuuugaaunIn wWusn INwAINIR
prNanalalaALsT AL “NnTge” (HANAZLL 4.65
anazuusn 5) Tnatsnela “uiniga” Tudunis
AnsiaAseseusiysylumipantsn 1 ludan szazinan
o 4 2 ¥ da | v
ngldanuresAsestuin eI nasan NAaINIg
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Table 3. Comparative expense cost of engines using gasohol 95 compared with biogas as an energy source

for 68.5 minutes working per day in a year

Expense cost in one year (Baht)

Energy source of engine

Biogas Gasohol 95
Depreciation of 6.5 hp engine 1,712.00 1,712.00
Depreciation of H,S filter ? 150.00 -
Depreciation of Fe(OH), media’ 500.00 -
Depreciation of 12 m® biogas digester1 1,000.00 -
Gasohol 95 cost for using 68.5 min/d* - 21,275.85
Lubricating oil, change every 3 months 480.00 480.00
Total 3,842.00 23,467.85

'5 year working time
%10 year working time
%1 year working time
*27.45 Baht per liter
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Table 4. The satisfaction of the farmers to the developed water pump using biogas as a renewable energy

ltem

Satisfaction level

Average score Degree of satisfaction’

1. Installing the engine is beneficial for life 4.50 highly satisfied

2. Engine working time sufficient for pumping water 4.75 highly satisfied

3. Happiness of the family 5.00 highly satisfied

4. Improvement of life quality 4.75 highly satisfied

5. Good relationship with family and neighbors 5.00 highly satisfied

6. Gain new knowledge 4.00 slightly high satisfied

7. Decrease family expense 4.00 slightly high satisfied

8. Able to be a role model for people in the community 5.00 highly satisfied

9. Appreciation on the work of the authorities 5.00 highly satisfied

10. Overall appreciation 4.50 highly satisfied
Average 4.65 highly satisfied

'1.00-1.80 = lowest satisfied; 1.81-2.60 = low satisfied; 2.61-3.40 =

highly satisfied

G
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medium satisfied; 3.41-4.20 = slightly high satisfied; 4.21-5.00 =

mmﬂuﬁﬁmmxﬁwmﬁuﬁqq (B9ANNINNTU) AIUIA
el wianAnefneu grasnin toufeniug
WAZAMNUIAIY INAEY fidagurnANazaINLaL
ey afidulslom
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Abstract: : The objective of this study was to compare the levels of Pediococcus pentosaceus for ensiled
total mixed rations (eTMR) production on fermentation quality, nutritive values, and rumen fermentation
characteristics by using in vitro gas production technique. The experimental design was a completely
randomized design (CRD) with 5 treatments and 3 replicates, 1) fresh total mixed ration (fresh TMR), 2)
eTMR + no P. pentosaceus, 3) eTMR + P. pentosaceus 10° CFU/g (PP4), 4) eTMR + P. pentosaceus 10°
CFU/g(PP5) and 5) eTMR + P. pentosaceus 10° CFU/g (PP6), respectively. Comparison of fresh TMR and
eTMR had shown that ensiling process can reduce pH values, increase NH,-N, lactic acid, and butyric
acid concentration significantly difference among treatments. In addition, it was significantly decreased
proportion of EE, NDF, hemicellulose and accumulative gas production at 72 hours while, using P.
pentosaceus inoculation were significantly reduce pH values and butyric acid concentration when compare
with eTMR. Moreover, using P. pentosaceus inoculation can enhance in vitro gas production and increase
IVDMD and IVOMD of eTMR. The different levels of P. pentosaceus inoculation can significantly affect on
pH values and NH,-N concentration. It was found that at PP6 inoculation has shown the lowest of
NH,-N concentration. However, the levels of P. pentosaceus inoculation shown similar results in nutritive

values, IVDMD and IVOMD. Under this study, it could be concluded that P. pentosaceus inoculation at 10*
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to 10° CFU/g can be used for eTMR production, the highest quality of eTMR fermentation in terms of the

lowest pH and NH,-N concentration can obtain by using P. pentosaceus inoculation at 10° CFU/g.

Keywords: Ensiled total mixed ration, Lactic acid bacteria, Pediococcus pentosaceus, in vitro gas production

technique

UNAREQ: Qﬂﬂizﬁﬂﬂrﬂ@dﬂﬁ?ﬁﬂﬂﬁﬁﬁ@ AsulFauauss AU ainde Pediococcus pentosaceus
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P. pentosaceus ﬁizﬁu 10* CFU/g (PP4) 4) @ﬁ%’]imaumummmuuunmLﬁmlﬂm P. pentosaceus ‘mmu
10° CFU/g (PP5) Wae 5) ANVNIHAN AL AL TR N e P, pentosaceus fisvarn 10° CFU/g (PP6)
ANNANAL HANTTANEINLIN NIzuunsunyinliAn pH U3unoslusiiy Felaitliazanelusnsazaneiflunan
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aeelddAYnNan s SenBeuifleufuenmanasuganuLLan nadudae P pentosaceus N A pH
LL@”ﬂ?mmﬂimﬁqﬁ?ﬂrf‘i’muﬁmﬂ?ﬂuLﬁﬂuﬁun@iuﬁiﬂvl,ﬁ”l% BnanIslAN e P. pentosaceus ain sk
ﬂ?mmmmmewmﬂimﬂumqmLLm (IVDMD) waz@ursedsn (IVOMD) lunaennnandaeda1nisnanasy
mmm‘wmmmu I FUTRINNIAN T P, pentosaceusmmwﬂummaium pH LL@“’ﬂﬁ‘N’]m NH,-N Y
AMNLANFNIUadeldedAtyn1eada Tnawudnnnsifnide P ,oentosaceus‘w 10° CFU/g umqum Ll
%ﬂﬁﬂﬁuiﬂmsmm'@ﬂmﬁﬁmﬂmwLL@”ﬂﬁ?ﬂ@ﬂimumﬂm‘wm@m mnN@miﬁﬂmﬁmmmmﬂﬁdﬁmmﬁu
Lqm P. pentosaceus‘w 10°* CFU/g 19 10°CFU/ g anunsaldlunnsuane i suanasudauiuumadn e luane
finnsiduide P pentosaceus 7 10° CFU/gMmmwﬂumvmumwmwmiuuwmm pH tazdTue
NH,-N 98981919 UaNATLAIULLLNNNNGN

AFIATY: AIMTHANATLAILLLWNN LUATBENRRANIALAARN Pedicoccus pentosaceus Nstinsle lunann

NAADY
AN Tunszwnzld nasdaalalunssinizginull
UFZANTNINAINNITNIZANLAIVAIDTWI UL

AIUNTHANATUAIU I NBNDT (total LAZAINITTUN AITNANLAND HAINUNAUD

mixed ration, TMR) A@ N1THANDINITTLLATBINNT e N UFHIUNINULATAANITAEN N WIRIF AT
v v o o 1 dl o pZ o =3 d’l d’l k2 1 v ] 4’
neumaaduludndaunatuaulilnamnila WAeaaedlaN1InnINnIs i e M TUL L W N 01 B

fepniAnazaNdaInistnauzaesdng 1 msmﬁmmmszﬁ“m’ﬁmLﬁymﬁﬁunu@q%u‘lu
slununisldernisifiqasuFesaesnindin desgquisifesaindnisaraaauei ey
UszAndnanaenisidenasiduniuludad %ﬂﬁmﬂ?mmmmmmw Aasafusasiinasiiy
L?T‘El'?]Lay‘ﬂdLﬁﬂ\i'ﬂﬁﬂ‘ﬁ']ﬂf‘/ﬂb‘ﬁ@uﬂ@‘amﬂa‘w%l"lﬁlu fnernaanislugdaesnisudn fiReAaTszTady
NITNNTpNULAL AT LAY URANIINTENRANTT  nadaifiuuazamNIaneansfimsing fiana
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nafFauiiaussAUNIgIRN Pediococcus pentosaceus BNMASUATWITHANATLRIUULLLNANN

ARAMMWNNTMN AnAIMSIATUsLasnsdanlalunaannaaas

Antulunssinunasanuasnfy e ifeane
AABANIT]

AMUNTNANATUAIULL UV N (ensiled
total mixed ration, eTMR) 0 UNTZUIUNITALTNE
AN ATLEuLU L luan nFeendian

(Wongnen et al.,, 2009) IntiN1991191142 099 AUNTE

AuannIAWAARN (lactic acid bacteria, LAB) 111
wan Tnasinndaiidauudasinanaldidune
wanAn dagsualAn pH lUuanIWLIARBNAA A
vidafannidunsaatinesinidy daddulselagelly
miﬂ“u&qaﬁum?ﬂ’mjuﬁ'u y fivnlrewnaRanisid
@8 ¥ AUAIM N INTULIBIB NN TAART iasann
NILUIUNIIUTNAINEIINTIRNN9G Y RYADLAN
nalnruzainnisnalasesie wazniseesdaans
wa4l1lsfn 1ufu (Ramos et al., 2016) Fravits nnsiss
ﬂizmumwﬂnﬁwmnﬁmauﬁﬂ’ﬁmammmmmﬁn
Wuantu dafuuuannslunisannisiindevie
nsgoyidanniAmietnrusla (Kim et al, 2021)
dandanlunisvinuawinfianld Lactobacillus
plantarum usiaginglsinn ladn1ssee1udngs
9 Pediococcus spp. HAANTTR lunsiasey AL
aluaniarguvnfiuasan pH Aulslaauldands
ﬂ@;ll L%ﬂ Lactobacillus spp. (Agarussi et al., 2019)
Oliveira et al. (2017) l#%1n13An=18A NI (Meta-
analysis) 299N A NA LT oL AT B NAANTA
wanRnNasluNT1M138n TN Nan1ANEINLLN
ST FUTBINTIAN B A UL AT BUHAANIALAA TN
warnuantaududuiclussfudes fidinns
DesAudestaud 10° CFU/g 53 (60.1 %) muAAE
10° CFU/g (34.1), 10" CFU/g (3.5%) uaz 10" CFU/
g (2.5%) mmmrﬁm mmﬁmmﬂmuimimmm
B9sEAUNIANT NN Z&N FananiinisAnen
WReufausysureaniafudedasyin g s du
109N AT N MU vaN azdanalldenisan
sunulunisnaniaavisdnduinlaanaog
P. pentosaceus Wl UL AT LATNLIN
Tungu homofermentative A1N1T0 AN WAIIU
lasaansruauntsvdnuuyladldeendiaun uay

111

ANNITONARLLUAWMAT AT U (bacteriocins) ﬁq‘w%
lun1saruaunisasyAuinveuuAf Bangud
lLinadsrloallauselinmuantiAluntsnuen
21113 IR N9AN I DINITR TS P. pentosaceus
wuuRgauarNaNSaNAL@anguaulunsruaunig
NARBIMITATUAIULLLNENNLIN@ N0 1T P.
pentosaceus WsTAUAMNENTYW Faus 10* aung
10° CFU/g lunnamsindaalalaviawee wnjndawasin
nin wazld P. pentosaceus $aunU L. plantarum
Tuntsudndudraunfiae saudenisiinimelu
NITUIUNIMANAIMITHANATUAIY AINNITIILTIN
IANANTIVENNUIN P. pentosaceus EINITDAAAN
vl o o val .

pH ldAuazineiamunInaasnisusinlda (Filya
et al., 2007, Jiang et al., 2020, Liu et al., 2012;
Taylor et al.,, 2002) wFag19lsAA NI ALUIRIANH
WandulunisiAnge P, pentosaceus alAINEL
uwiege anNRgIuIeNINISEHRIN I IANTaTTAY
d‘ v v ¥ a o a d’j o

nlauasarlinalnalAeaiunsANmase AL
dJ 1 ¥ v o A o o ¥
Hyazasualiansunulunisinigeasdndnsinla
o o = Y A= Ao oA =

Aattun1sAnE luAfalaldnglsrasminaAne
nFauaussAUNMSRANTe P. pentosaceus ANMiL
NIIHARNDIMITHANATUAIUUL LN NFARATUAINIG
Tnruzuaznszuaunimmdnlunszinnzaiua o
WATANTRNARLAATUNARANAADY (in vitro gas

production)
L4 aa
AuUnsaluazlians

nMsIASENIG e AauanLEa P pentosaceus WAL
NN9LATENANWTNANATLRIULLILINAN
AnsAnmElLANTe P. pentosaceus AL
1B IHAN ATUAIULL LN NS sAAuanldann
AMTANEIALUMIN (Ketpanich et al., 2021) TneiinTl
AN IAENITaULILIMAY MRS (de Man ef al,
1960) umiuamunu 37°C \ilugzay a1 24 Falag
Wefusy ﬂ'LIﬂ’MN dudureadeauds 10
CFU/ml annifusinuniTumdgaiafugadize
P. pentosaceus WazU5uA21% dudureadelag
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aNLNINAS (0.85 %) Lﬁfﬂﬁ’lé’mwﬁuﬁuqmﬁw
g093a1y 10° CFU/mi it asin 1 19w u iy
Folunismineisnanasudausely d1miy
TSNP TPV EYTAPOTF: T N PASTAPL TAYARE: O £
P. pentosaceus AYLUANUITHANATUAIUEFATIE2U
Be 150101 10 TadART ADAIVNIHANATLEIY 1
Alansu (as fed basis) Lﬁﬂlﬁ’iﬁﬂmmﬁuﬁuqmﬁw
A8 10°CFU/g Uas¥innnaideanaide P, pentosaceus
11w 10" CFU/ml uaz 10° CFU/mi naunld
AAnsUueMNINAN ATUAI WA 1T | 3 LAY
Liuiummﬁuﬁ@qmﬁﬁmﬂu 10° waz 10°CFU/g
ANNANAL
@\1ﬂrﬂi:ﬂ@w@ﬁmqﬁuﬁlﬂumim?w
ANUNTHANATUA2ULAA1W Table 1 TaaAIRAD

WlaldsAuneauwingu 16 % warlndusitasls

994 (Total Digestible Nutrient, TDN) 1¥infiu 68 %
NNINANBNMNTHAN ASUAI U AT AN NS
NANATLAIY (Jaylor, Canada) Wit e 1% a11n 98l
AnNA LA a T

WHUNITVIARDY

AsAnE lua s enBouieunane
AsiANEe P pentosaceusﬁl,wmﬁi’mﬁ"u 3 9EAU
AMIUNNINAR BN SNEN AT AL Al sl
AnAMIINTUEUAINTIIN TRENUNLN1IMAADY
wuuguanysnd (completely randomized design,
CRD) 41493 5 NGNNARDY | AT 3 sr?ﬁ ﬁﬁi‘i“’f‘i

mjmﬁl 1 AAMTNANATUAINAR (fresh TMR)

ﬂ@'m'?i 2 SN AL s A
Lﬂ]@ P. pentosaceus (eTMR)

ngudn 3 BNMNTHANATUEILLLLMINT R
L°]l'a P. pentosaceus Tuszey 10° CFU/g (PP4)

naud 4 ANVNTHANATLEI ULV NT R
L°]l'a P. pentosaceus sy 10° CFU/g (PP5)

ngud 5 ANMNTHANATLEILLLLMINT R
L%@ P. pentosaceus M3za110° CFU/g (PP6)

vesqamsnanATudaulunguil 2 8
5lUNTLABUNATAANTUIA 18x30 B9 LAL3A
mmﬁmﬂu@ﬂﬂLﬁﬂ’l,ﬁ’mﬂumzmumwﬁn

Table 1. Feed ingredient composition for ensiled total mixed ration (eTMR) in this study (as fed basis)
Ingredients Amount (kg)
Fresh Napier grass 60.00
Maize hulk 10.00
Ground corn 10.00
Dried brewer’s grain 8.00
Soybean meal 5.00
Rice bran 3.60
Molasses 2.00
Dicalcium phosphate (DCP) 0.50
Mineral mixed 0.50
Urea 0.40
Total 100.00




nafFauiiaussAUNIgIRN Pediococcus pentosaceus BNMASUATWITHANATLRIUULLLNANN
ARAMMWNNTMN AnAIMSIATUsLasnsdanlalunaannaaas

woulfeandian iantsudnidussazioan 21 4u
M@T\m’mﬁmﬁuﬁa@ﬂmmmﬁ?&uumnnn@u"ﬁ
‘luﬁlﬁuﬁfqmuqﬁ 20 °C it atinluF s zea
ANANINNI9IUIN azesAlsznauniaasie bl
nF9aNTUAIEN8 M SHAN AT AT 5 naNNN
Anmanszuaunisndnlunszinizgmudaamaia
NIIANAALAALLL in vitro gas production

N53tATITaIAlsEnauNIAR TR MNTHAN
ASUAIULLILINAN

u']mamm’mwmmumumuwrmzm
HANTULANANUSATIEau 10 NN AetnAY
0 NAAAAT LATNIN1ITAAT pH ATNITN1T2R
Bal et al. (1997) A2 ¢11A%a ¢ pH meter 2 1A $1 2
Usurniaaensalasuisvimelddne (volatie fatty
acids:; VFAS) WATNIALAARNAINATURY Scherer
et al. (2012) Imﬂsﬁmﬁlm High Performance Liquid
Chromatography (HPLC, C18; mobile phase 20 %
acetonitrile LAz 80% KH,PO, 8m31n1911a 05
Nadansauifiuaz I8 UV 210 nm) (1220 Infinity
Il LC, Agilent Technologies, USA) U3u1tu a2
wanluelulngau (NH,-N) 619891035019
4849 Chaney and Marbach (1962) & 15U Nn139-
Az iesAdszneuntauni lnadsdszunn
(proximate analysis) 11ineaw Faag19811197,
60 °C ilutaan 48 4alue UALATTEURIUAZLNTY
1 HaaWAT TAIIUTAQUIAS (dry matter; DM)
AunIudn 7 (organic matter; OM) T4/ A UNY Y
(crude protein; CP) a3l (ether extract; EE) AMN3 3
289 AOAC (2000) A3 Azsiialadaainaes
Van Soest et al. (1991) Usznaudaeielefliazans
lu@’liazmﬂﬁl,ﬂuﬂ@"}a (neutral detergent fiber;
NDF) delafiliazanalunse (acid detergent
fiber; ADF) uaz@anili (acid detergent lignin; ADL)
ATNANAL UaZUNNNATUILLENNNL Hemicellulose
1Az Cellulose TagdsN16aT

Hemicellulose= NDF — ADF uag

Cellulose = ADF - ADL
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NMSANHINTELIUNITUNIN LUNTELNIZTINY
drusunisAneinsruaunsvdnlu
NITINITIINU INUNUNIINARBIUL L HANY TD]
(completely randomlzed design, CRD) @ﬁuqu 5
NGNNAADY 7 AT 341 0N IHANATUE IR 5
nqu al8ANNT LT 60 ‘C UALATIAUEUAZUNTS
UM 1 NARLNAT {qﬁfmﬂwmmﬂumﬁwm@m
UTunou 200 Hadndu usrqasluaanlinams 50
f03ans nsAnenluasl lda09marannnIznTg
guaeelAuNlansza199 U 3 A9 4l&ann
Tsegindnd Aamdnaszays nanfUaNTazaenang
Fanlusnsndau 2 de 1 ldasluaaaiislanunsh
wIen I3 ludSunm 30 iaddans mN3TN17209
Menke and Steingass (1988) #Mn1slaul@aA1Fuau-
lnaanladatinaraios Jadauqnaisuazdy
aqiliflen Ual47 39 °CanasTuiinuiaiiia
Tuidalusdl 0,2, 4, 8,12, 24, 48 uaz 72 $91u 4
WAL Y YSua LR ad A nd N A ug
AAUANARTNITHAR LN AR TNANNTUDY Drskov
and McDonald (1979) aqa T sunsu SigmaPlot
rﬁT\ﬁI
a+b(l-e)

Y=
P=la+pl

)y

2

A a a d?l ] dl 1 Yo a
We a Aeufaniialvaindiuindaaaans i
b

)

23

A a | P My .
Aaufannaandunsasaanslylsuws

o

nainsiaele

o

¢ ARBRTININARULAA

t AaLan
Y e tunoufianifinaundatugsing - (¢)
P Aatlsr@nsninnisnanuia

nsAnEIANAINIsalunstaslawuY in vitro
c o d L
Wudfetvluganduiunan 24 4aluq
U1NN1ANHIAINEINTD Tunseiae s mNAT
2184 @rskov and McDonald (1979) Irﬂﬂu’l'ﬂ’mw‘m
m@@@ﬂummmqmmmmum ansazaned
Wl1nang (neutral detergent solution) wazaula
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ALTUT 100 °C iluiaan 24 Falue Feuaztiuiin
drminifetunA e uaunsalunisdes
Tdaesdnnuislunaannnaag (in viro dry matter
digestibility; IVDMD) waznnstias laaesdunssdnng
Tunaannnans (in vitro organic matter digestibility;
[IVOMD) sdaNN19uas Tilley and Terry (1963)
ol

(DM Initial weigh- DM final weigh)
IVDMD (%) =

— . x 100
DM Initial weigh

(OM Initial weigh- OM final weigh)
x 100

IVDMD (%) = — :
OM Initial weigh

NSIATIEUNNAD B
Fwnszvatnuulsdsonresdeys aix
LNUNITNAADI completely randomized design
sae ANOVA TaeldTisunsu IBM SPSS Statistics
25 31ATI LU AINLANAIT0IANIRA A28 T
Duncan S new multlple range test (Steel and Torrie,
1980) fiszsuAnnudiesi 95 % vide P - value < 0.05
3L L ARA TN W adaLng

Bh orthogonal contrast
a o
NANITNANBILALIANTIU

ATNINNITUINUBIBTMNTHANATUAIUULILNNN

NANIINARBINLINNIZLIUNTNTNAIHA
lnnﬂ pH qummmmniummmunmnﬂu sl
Lm@nnmnmquuﬂmnmmmmnn (p < 0.01) e
Wiegueudue unsuanATuduLLLER (5.93
Weuiy 5.00) (Table 2) ile9annnIzuaunIImen
ﬁgauw?ﬂ%ﬂizimﬁmnﬁﬁnﬂmﬂﬁlﬂmﬂunin
LamAn @9flun13¥191uI0uLAT Fuaannsa
LAaARNAINALTAT pH TUeN M TNENATLAIUAARS
wasileldide P pentosaceus MNTTUIUNITRNN
wudn @ransnandn pH ldRndnguilildde
P. pentosaceus (eTMR) @ﬂ?ﬂﬁﬁﬂﬁﬁﬁﬂﬁdmmaﬁ
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(4.53 Wz 5.00) (p < 0.01) wnlindniuniaida
Fuldafisy Ui dneiugdanalien pH 183981119
HANATUAIULUUNNNH A UANA19TNaL 198
ﬁmﬁ’]ﬁmmmﬁﬁLmﬁ%mn’lunzﬁmﬁ@uﬁuﬁn
10° CFU/g \WimaNNIaLlin P. pentosaceus &HA
Iehanafinauautes P. pentosaceus zglq?n%u
denalWiRansuAnnsauaARNTNINGL Aevinlen
pH nnmnlnﬁlqn (Ertekin and Kizilsimsek, 2020)
Slefiansniniiiunes NH,-N W41 nszuqunig
ningenalidFunns NH-N lunguatvisuanasy
A9ULLLUAN (eTMR) g9ndNNgNaIUITHANATY
dqunuudn (fresh TMR) nn‘wﬁﬂmﬁwﬁmﬁlq (p <
0.01) ﬁﬁlqmuﬁuﬁummaﬁmm NH,-N ﬁLﬂuﬁq%fYn
fesziuldafiuluenunsudnignualy 14y
nezuqunIsudnuazin AN a9 s
fauAmeinauzanas lnanistesaanallsiu
Kudadulaanisvinaruzesund Gangs
Clostridia waz Enterococcus vinnnsilazullsiiu
Wnaneduninesfiluwarignlduslanidely
aunanenidu NH-N lufige (Bueno et al., 2020;
Jiang et al., 2020; Fijalkowska et al., 2015) NN9LFN
3a P pentosaceus W d9nafaUTN UL ID 9

NH,N L2 e uiunguea I InauATuAIuuLY

nﬂ’nw"l,w,mum'a P. pentosaceus (eTMR) (p > 0.05)
HeRansaniissduresnniudenudnisiiuide
P. pentosaceus Tuszau 10° CFU/g (PP6) J3unou
NH,-N nfmnn NARINNITANIZALTRILL AT Y
ﬂmmninLL@nmnuu‘wﬂmnnnmﬂmm@mn?n
LAARNTINANT 1 danaliien pH anald Lavee
nistlaaaansaaellshn aqzﬁannlﬁn@iuﬁﬁén
PP6 H15110u NH,N finign danndasi Oliverra
et al. (2017) T’]EN’]LL'J"m’]ﬁ‘LalIL%ﬂﬂ@:ll‘ﬁl&laﬁmi‘m
wamdnlufganuisudn luszdud 10° uaz 10°
CFU/g @a1unsnandTuioians NH,-N Ainduly
nszuaunisundaflunaannianssunisdaes

dansueallsAuniasag
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AINNIFANHIANNINNINNNTBIBINNS
pauATd UL luA SN LI I a1 un T AI9A
TadTunniaeansanaafnlua I MITNaNATLAIY
HULAAUAT Lﬁm\mﬂ'wﬁﬂﬂﬁﬂﬁmmmaﬁ (p<
0.01) esinunimming 21 LLm"LuwummLmeq
Vlmmﬁl’mﬁ“’m_l“nmﬂ']a‘wmmﬂ P. pentosaceus
ﬂimmmmfﬂwnmHMNMWLLrﬂﬂm\mum\mmm
(p < 0.05) YNNI 09N sATiaREN
mwu@mquummmmmmm dewFauifay
FEWINANUITNANATUAIUVULLAALAZAIVITHNAN
AsudauLuuvd il e P pentosaceus
(eTMR) (p < 0.05) asinalsAn1u dleul3auday
eTMR me@:u”ﬁﬁ@ P. pentosaceus M7zl 10°
CFU/g daualiszsuaestsunaunsadafznanaa
@mmuﬂmmmmmmm (p<0.05) me‘lumum
ﬂmmmummmﬁumm@ P. pentosaceus Tunnediuels
N191a3 Y A U IA89q AuNTHN 4 W Clostridia Tne
1 liAN pH anasatineganLda (Agarussi et al.,
2019) u%mmﬁmmimgﬁmam?mLﬁu‘iw?ﬁ@
wuAMe3ladu (bacteriocing) aeinalsAmnldny
ANHNLANFNNTANTEALUAINILAN P. pentosaceus
AetTu1aeansadafnin

AMATMNINTUSABIDTMNTHRNATURAIUULILNN

AN AIMININTULIBIBINITNANATLAIY
LUUAAKAZANIUNTHANATUAIULL LN NLARAS Y
Table 2 UFnnudnguie Bunsadng tdshunany
dalafliazanalunsa (ADF) waziaaglaa Td

ANHUANANAUNINANE (p > 0.05) AINNNTATIEH

13uaeladunusn nezuaunsusindenalidTunng
lagduluamnsnaunsudiuanasad 19808 d1Any
Sanneads (p <0.01) ilagannlunszuaunis wein
losiuaniagninldlddss lonilnaqaunsduu
nezuquniseesinaeulollala (lipase) uas
s lalnsiaulunsnlasiuilaidusalhidunse
TasT Ui a usa (biohydrogenation) (Bueno et al.,
2020; Han and Zhou, 2013; Wu et al., 2021) SIEFUalal!
\f0le NDF 189819113H@N AU UULLNETN
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(eTMR) ama< (p < 0.01) dlenFauifisuenmisuan
ATUAIULLLAR (7228 WeURU 63.12 %) Anva
doduaiaglaaluainisnanasudiuuuy
WNRAIAINI10MMNTHANATUAILULILAADEN ST
WagATYNI9aDa (p < 0.05) (27.19 Wauiy 35.59
W aFidus) Hiagannluszudnenszuaun1suaTn
wilwaglaagnlfiduwnasndsaulnaqdaunse
waziaflmaglaaidulassaieiignlalnslading
nenladne (Bueno et al., 2020; Dewar et al., 1963;
Houfani et al., 2020; Patel and Parsania, 2018) a4
Wunari s Sunauiie NDF uardndauaiiaaglaa
AAAY AN NENLTINFLA LT P pentosaceus
arnnmnannisgoydaaiimaglaalunszuounig
wln'l& (p < 0.05) (31.62 WUy 27.19 % TaQUI)
LA LWL AN AN AN 099 AL TRINTIANLT S
P. pentosaceus ARLTNIUIR W Ssunoudleled
laiazatalunsa (ADF) 2998191 FHANATLAIULLL
AALATRIMITNANATUAIULL LN (eTMR) 11T
ANINULANFAINNWNINEDH (p > 0.05) HANASANEATS
#anARAYTIL Wang et al. (2016) fineanudntBunoy
#alel NDF St Bunniamaslunsyuaunismsin luane
fieleliazanelunsa (ADF) lfinswlasuutag
?ﬁuﬁmmmimwﬁqmmmﬁLm'gg‘imimwdw
nsrLauNIvsin Maue P pentosaceus NN
fFunnaniuluaimnsuanAsudauuu L nanas
agaldad1AtyN19ana (o < 0.05) (6.52 Wauiy
4.36 % TN UI3) Hle9ann1stnauaeuLAiGe
NARNIALAARNT HA R Y lTT lignin peroxidase
i anunsnteesAlsznausig flagluaniu
A9l UTuuaniiuanas (Kachouri et al.,, 2016;
Kietkwanboot, 2013)

nIsANEINSEUIUNISUNN LUNTELNIESINUA S
WMANANNTIANANRALNRULL in vitro
annnisdsziiuine lmalian suanuia
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AsRARLAE (P) TH AN WANANN9ED A TTUINg
ngNyNAa83 (p > 0.05) TaETinTHan LR AT 72
F9T918991 M THANATUAIULLLAANINNT
AMMNTNANATUA KL LV Nat el Tud ATy (p <
0.05) (38.98 Wl eiufy 3222 Hadans) iiesann
nszuqunsusindnnsgodalnaus fAANIAN
AUNTLFN Avanisasulnaussiig 1 Tnw
ezt aaswduansay U N lesiy
sviednanaznsananmniduie aadanaliians
ﬁ:\iﬁuiumﬂ%muimﬂ@ﬁum?ﬁummm a'ly
NIzNIZINUan AN (Al et al,, 2015; Zhao et al.,
2018) aeinglsfmunisiinide P pentosaceus W
mmiﬁéuzﬁwmlﬁmwamLLﬁ”@Mﬂ%u (4117
Lﬁmuﬁu 32.22 f0@AR3) (p < 0.05) fiasannniaify
o P pentosaceus fuunTuiBunuesdlszney
\#lale NDF pevde mnmm@uimmmm@ P.
pentosaceus Aenavnd T A nanARLA TNy

AAAARBINLUNITANEIUY Huo ef al. (2021) Wle

ANEINITBNLLANTUNARNTALAARNAIIUD D
gan iudn wusausandauialauinnaingu
FldiAnide luniefnEasaanudnAuaiui e
lunistieslaaasinguisuazdunsadng lunaan
wmawmn@iuﬁlﬁm% P. pentosaceus §4na1
neuildldadr9ivadifynicadn (p < 0.05)
(55.62 WigIUAY 48.95 % WaY 57.76 e Uiy 51.76
% ANANFL) LHBIAINNITANAITRIAN pH LAE
N2ALAARNTIANT UsEHINaN s ud Ayl
Lﬁmmmmﬂaﬂﬁu‘ﬁ'Lmtmwiﬁumﬁu”l.mmmﬁ
Wulaseaing LL@zL‘ﬂmmﬂaﬂﬁuﬁﬂﬁﬁuﬁuﬁ’ﬁu
Annnstiagld nafianTiusnasaadealsifannseas
Vlﬁ"ﬁluﬁﬂé\‘i%u (Kaewpila et al., 2021; Raffrenato
et al., 2017)
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WU Madadeiiszdl 10°CFU/g aN3nLiudsa
AMUNINTBINIUNN AN zaN JatldaganszAy
pH uazdTuI U89 NH,-N 284819170 aNATLA Y
wuunsTnlduaniige usieilnasAnilederinges
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Optimum Dietary Protein and Metabolizable Energy Levels on
Production Performance and Carcass Composition of Crossbred Native Chicken

(Pradu Hang Dam x Hubbard JA 57 Ki) During 11-15 Weeks of Age
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Abstract: A total of 630 male and 630 female Pradu Hang Dam x Hubbard JA 57 Ki crossbred native chickens
at 10 weeks of age was randomly allocated into 6 groups of 3 replicates. They were raised in an open house
during 11 - 15 weeks of age and fed with diets containing 17 % vs 15 % CP. Each CP level contained 3 ME
levels (3.2 vs 2.9 vs 2.6 kcal/ g) based on a 2 x 3 factorial in RCBD having sex as a block. The result revealed
that no significant interaction between CP and ME on all parameters. The 17 % CP diets gave significantly
better BWG, ADG, FCR and feed cost per kg BWG (FCG) than 15 % CP diets. The FI, mortality and carcass
composition were not different (P> 0.05). Decreasing dietary ME from 3.2 to 2.9 or 2.6 kcal/g gave higher Fl,
BWG but worse FCR and FCG, while the 2.9 kcal ME / g diet gave the highest BWG and ADG (P < 0.05).
Neither CP nor ME had significant effect on carcass percentage and carcass composition, except the
gizzard and abdominal fat which were higher (P < 0.05) with the decreasing level of ME. Male had
significantly higher growth, nutrient intake and carcass composition but lower breast meat and abdominal
fat than female (P < 0.05). Sex had no significant effect on FCR, FCG, mortality rate, the percentage of thigh
meat and wing (P> 0.05). The optimum ration for this crossbred native chicken during 11 - 15 weeks of age
should contain 17 % CP with 2.9 kcal ME/g.

Keywords: Crossbred native chicken, Pradu Hang Dam chicken, Hubbard JA 57 Ki, protein, metabolizable

energy, production performance
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undnda: Wiignuanfiuidestlszguiedn x fuunaiaie 57 in'le (Hubbard JA 57 Ki) @1g 10 dany
wraz 630 A9 duuiallu 6 ngu 7 a3 51 1M9LHUNIINARBILLL 2 x 3 factorial in RCBD Tnailineiilu
block 1581113 6 g3 AB CP 2 92AL (17 % WAz 15%) ME 3 961 An 3.2, 2.9 uAY 2.6 keal/g I%Lgﬂxﬂﬁfmgl
11-15 ddanef TulseFeununde wudn A nduiugssudng CP uay ME sluvlﬂmﬁ'ﬁnm 81U1T 17 %
cP i linnaasyEuls (BWG), FRuantinwin (FCR) uazfuyuAne1113 (FCG) Andn 15% CP (P<0.05)
mui_l?mmmmiﬁﬁuiﬁ FI) 8m99N19618 LL@”@qm’ﬂi”ﬂfaumniﬂLLmﬂsmﬁu (P>0.05) N19aA ME a1n 3.2
vu 2.9 w30 2.6 keal/g N1 FI LAz BWG mmu WAN FCR Wway FCG Aaaas lnaszau 2.9 kcal ME/g 1
BWG uay ADG Afign (P<0.05) JaszH U CP uay ME”Luwmm@mmwmmm vavAlsznaugnn andu
NIENITUA Lmﬂwulum@wmw@;wumfa@mwml ME (P < 0.05) W8naNNENLI9 linwadd Fluaz BWG
iqmﬁqﬁmdqumﬂ WATEIAUIENALTINANIN LLﬁﬁLﬁ@fanLmﬂmﬁuhﬁmﬁmﬁﬁﬂfiﬂmmﬁﬁ (P<0.05) Tnusd
welifinasia FCR, FCG §msnnsme sounadadausasifeasinnuazin @;mmm@ﬁmmmuz&’m?ﬂ
Tignuaniuilesaneiugilugasany 11 - 15 dilani fia 17% CP, 2.9 keal ME/g.

AdnAny: Tngnuasiiies Tndszgueen Induunfaaie 57 wnle Wesiu wasauldiszlemnd anssnninnin
NIUAR

AN pantuliudiugdszianiailenslyd Geazd
Amangnlunnsliflage ailuBununisuas
AN ea (native chicken) WlulanAwlneg antililaauauninndldudlnfnuilesvany

Aeudsaiunuunanedenil 1 sz logdudn Winsa 1ﬁ@Jﬂmmmﬁymﬁmmzﬁﬁﬁmmmnww
grunslfiie mudanisenaunsiuguangn  satndzesile ledaaueses ieuduy filasy
wnsilanuarunsnlnawuicludunisinls a1 dwdsaduliiudles uifaussanmniauan
NM7Asagn uazAanunIusalia adalsfia  (Maednidvln nisfueng uazdRmuanitin
lesannlifudlestimassyfled flsz@ninm Andn) sasalddununisranandnlituiledas
A9l anmn2mn (85191 wanuaming ANg) 9T (Tangtaweewipat et al., 2000)

fanmarunanlunilildsdan faduglasee aq1iu Wrfudndln nadandnarans
sanafiuiunanisuanliiieemesanauie wazdRSin puznEAsANARS LuAnended el
lunstslng Teldnmguiuetneseiios mumenn  Idnanlignranszudnanefuideaiugilszy
224 Office of Agricultural Economics (2020) $2141 WNAAUUNAUEEULNSA 1918 57 1ale (Hubbard JA
T w.at. 2553 fuunnddinudlesalszmasauan 57 K dewsiliwugiiduliffudelnaudsm
70.80 UM WAL AT WA, 2562 AL 2563 & FUu1Fm (Hubbard, 2019) Hane oz udusas
§1UNU 74.96 WAz 82.13 AU Wiawfudnay (recessive gene) ﬁﬂﬁgﬂiﬁ‘ﬁ'Lﬁmml,l,wumim@u
dszanns 16% wafdeldifaanasianonseanis  Wugdedudguansusuasanandfimiauiy

Faazinlaainsiatannine il eslTinme wa Aa lntlszguiannganan (Niyamcom, 2019) @4
= o | A Aaa ) = ] o o Ao o o - ]
Weouduliided@ie (oroiler) azdsangendndy  Anduguansacineu iudnansniaasli
2-3 w1 (80 Wauiu 30 unsafilaniu; daya  gnuana‘awudid Tnoudanldaiuouilszuin
41909 R auNquILY 2564) Aaeinn il Aeligeia 40,000 Aasiathen nwansun llimeaduligu

a ] & P [ S 4 o , Y $ Aa o o
nsuanlignuaniuies lnaldnalifuiles  esmieluniamilenialyl (qau fanddiwmd
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seaulilsAunaznasnuldlszlagiluaivisMuanc aNAaaNssan IWAIsSHAR LazasAlsenaud Nl
Ingnuaniuiias (Fuunsaiaa 57 ala x Ussgunesn) dasang 11-15 dlanv

wuanenaedeslud: Tl laRRN
luduemissadlignuanituiies 3

HUNAINRALATAER LN 7 1 Hin3daneenu

AN 8171 Chomchai et al. (1998) 31819711497

a3l e usnnllsfiu (CP) 17.4 % waagnuld

SIEAIE (metabohzable energy; ME) 3.01 kcal/g
’Lu"l,n@ﬂmmu‘wra‘wummﬂumeuﬁmmia—
Trnlafuauduns-urfwasinean (N x Shanghai-
RIR-BPR) Wfuan1saseyiulniiswasd funu
AN81%1957 4 Tangtaweewipat et al. (2000)
aa1udn ignuasvieiudleslszguasiuul
Wuglsalafuauduns-nainienas wiaealus
(N x RIR-BAR or Redbro) FenanTagLsEMIanTY

uiands Tudasengyln 1-5,6-10 uaz 11-13 dilanf

aRTa MaflanzanAe 21% CP, 2.9 keal ME/g,
17 % CP, 2.9 kcal ME/g Lae 15% CP, 2.6 kcal
ME/g RMNATAL AaN1 Pingmuang et al. (2001)
LAY Tananchai et al. (2001) "Lo%’ﬁﬂwﬂuirigﬂmu
fuiileq x Redbro 19481 6-10 49 Ineludaq
Aounnaesldliennnshimunzanniuise sy
131ae Tangtaweewipat et al. (2000) 1510741
WAL zgmmm?ﬁ'mmmuﬁ@ 17 % CP, 2.9 kcal
ME/g daulniwwaiilie Ae 17 % CP, 2.6 kcal ME/g
YNuadlAeaiy Tananchai et al. (2001) 91&ANMA
’Luiﬁmmﬁuﬁ:ﬁlwﬁmmq 11-13 dda9i IneTudas
Aeunmaedldlionmnsimunzannniisneauly
Imel Tangtaweewipat et al. (2000) Ilae Pingmuang
et al. (2001) U31ng91 emsimnnzanduivln
JageaneRe 15 % CP, 2.6 keal ME/g il Feany
eaudradunudn livageamaaziindngm
AARIANNNIIANTEAL CP UALANTUAILNIIAAR
2189 ME lugnsaiuns é’qmwﬁ:mmm:ﬁu CP
waz ME a9l FCR daeas @21 Nguyen and
Bunchasak (2005) 31¢1971491 1A AR U At
NMANLIANHATANART (Batong KU line) Tudag
IAan (818 0-6 d1lanif) qmamuwﬁmmmuﬁ@
17-18 % CP, 3.0 keal ME/g dautaalnigu (a1e 6-
12 §1mn9f) Aa 19 % CP, 3.0 kcal ME/g (Nguyen
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et al., 2010) d1usulnlasne ﬁﬁl\uﬂuqﬂmamwdw
veRuileamAnamiennafuudAug una. nan
Tnanudnendamatuladqound Maliwan et al.
(2017) 97297490 mmiﬁmmmﬂum\ﬂﬁmq 0-2,
2-5,5-8,8-10 wuaz 10-13 4lanf Ao 81119
ddagunianeffia 21,19, 17, 15 uaz 14 % CP
dasanniidunuatenisin uazlifinaidusie
naselAuls warAIAINTIN
Tunsilaedlignuansznineiefuiies
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AUnsaluazlians

AnINaaag
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fuunsa 1aie 57 1Al 91g 194 a1uew 1,700 5 1w
weduaznideTinas 850 6 gnliusazndides
weniwlulsefewdlnaunn 12 x 50 wms Gautic
aanii 2 491 (VRIAAIUAZ 12 X 20 LNFT) ﬁ‘ﬁuﬁmw
nanlredauduiidng druiuldauinll fdeu
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(18 70 ) mm@@ﬂiﬂwmmmumm mmwmm”
LE9UT9 SIUALNARE 630 Fa DU mindalede
0.76 Alansu Tr;mLWﬂ@.LL@wamuﬂuu’muﬂmm@m
0.78 WAy 0.74 Alaniu muasU mn&u@imu_iqiri
wiazinAeanidu 6 ngu 7 as 31 1 8% 3569
THlunsazanaeslunanauin 2 x4 s a4y
pandoaiutaunielulssGeuiufinans tne
wiazdereslssBouilnantdaadiuay 18 aan 14
Aeslimwalamanilouen

BIWSNARD

BIMNINARBIH 6 49 UsznauAag CP 2
S2AU A 17 WA 15 % WAAZTZAL CP J ME 3 3241
Af 3.2, 2.9 WAY 2.6 kcallg NIHANUATANUITUGAS
a9 b ldsunsud3agyl (Least cost formulation)
28R A URIUINTA F9N8IAT 22NTmA 91T
Fealuad Wuduan Faifluamnsainea (mash form)
Tnefualiiinsnezufianidu 1dun wnlslediu
(Met) F3unaslsdiasndn 0.43 uaz 0.41 % dauladv
(Lys) ) ldfeendn 0.85 waz 0.70 % 1ummmmi
A/ 17 % uaz 15 % CP ANANAL mmmﬂiwmu
1/1LLu:uﬂﬁ’Lﬁ"lu@Jmmmﬂnha;umgwuﬁfluLﬂ@@ﬂ
liinanauazilaen1aidans naname uuzialild
Met lifaendn 0.23 uaz 0.25 % @24 Lys llilen

n91 0.56 waz 0.60 % ludadlieny 6-12 §lauf

daudaalneny 12-18 dlaaf wuzd IWdSun
Met laifaaindn 0.19 uaz 0.20 % d9u Lys ”Luum
N97 0.42 WAL 0.45 % AANANFY (NRC, 1994) v1ei
¥ a v A ¥ o a A gy

dudnldiden dTngavaief 14vialllunanisd
it nannfuRaanaaaniIInaaaadungn 5
Aunaf (a1gln 11-15 dilanid) Tineaesusazing
= ] . W o

GeflinAns 6 nqu gngulildsueumaang
4a9lngm TNty AIUUNUNIINARBILUY 2 X 3
factorial in randomized completely block design
(RCBD) ) o i o ol g blook”l,ﬂmm@mwnmim
iumLL@ mmmm\umuw (ad libitum) Juae 2
% i uazifiuiiioan 7.00 LAz 17.00 4. AAeA
N19INARAY
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NSAATIZNRIMTNARRILAIALIaYA

quan1manaangnslilimsnyiiun
perdsznaunitaafinadseund (proximate
analysis) A1u 1914 Tne AOAC (2005) Tn e fin
DM, CP, EE, CF uag ash 81984614 AOAC Official
Method 934.01, 2001.11, 920.39, 962.09 hwa ¢
942.05 AN AU TuassRAn %NFE AUy
AINA1 %DM - %ash - %EE - %CP - %CF @214
NNSAAEHAMAENIUIN (GE) luemsldiaTeq
bomb calorimeter ju AC-500 (LECO Instruments
Ltd, Thailand)

19U ayAATUANTIDNINNITHAR LAY
annstiindmindalilaedeliuusannnaaly
LLﬁi@:ﬂ};’wLﬁfaﬁuﬁuwmfaﬂuiﬁmq 11 ddanif uay
Lﬁ@?;ummmimmmﬁmﬂiﬁ 15 dUaiviTysal ATl
Tmuﬁiﬂmuqmmuuﬂmmu (body weight gain,
BWG) Lmuumuﬂmmmmammu (average daily
gain, ADG) muﬂimmmmiwnu (feed intake, FI)
Tufinnnasaiily udatihanAuans aevinarwnsdi
m%@@@mﬁ@éu@mmsmmm A nuA AR
Lmﬂﬁwﬂﬂ (feed conversion ratio, FCR) a1n/3u14
awnsRnuAi i WAZATUIDIFIUYUANRTYNT
ﬁi@ﬂ’mﬁlmﬁ’mﬂ'ﬂﬁq (feed cost per gain, FCG) a1n
[('a"mml,mmi’mﬁn X SIANRIMNIFBNIANTN) / “LE’]WLIT]
&Tmﬁu] dausmanniaan uaznisfaliesn Wesan
finng viaRaouBauniau | Tuitnnasadieny
Wi udavin Tl Auanniluattesaziileduga
N1INAREL

lugunninmann sidleduganimanes
TneguidenlifdlimindlndiAeaiuAaaeaes
LAAZEN MUUARLINA STLIUNARE 2 FareT) 113D
wiiuwneaz 6 faslangw Wiliaaanmsidungd 12
Falusnaunnataumas antsufintnmingaiaan
(live weight) LANINITINAL mmﬁm?mmm
yiufinsivingn (FitlsrAanniin A? uazLdg) m‘wuﬂ
IANATENY (ALUAZNIZNIZLA) Tudanaassn (Lu‘ﬂ
an azinn Was 1n) wazluduludesias Ineneudlu
f?@ﬂ@wmﬁwﬁﬂﬁmnﬂ'u (% hot carcass weight)
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dAnsuidafidusannAuaiaInUIRI NG/
Wudnliudesn (1811aenean LATDAUT) AT
fngl 100

nsItATIzRd Ry

sindayad I iR sl sisan
(ANOVA) AnelLNUAT AL 2 x 3 factorial in RCBD
WA ITH U UAIIHULANG 199U NN gN A0
Duncan’s new multiple range test ﬁl’]ﬁdﬁi:ﬂ_ﬂ'ﬁ"ﬂﬂﬂ
Steel et al. (1997) Ing/ldTsunsug5agnieadin
(SAS Version 6.12.0.1 Software)

NUNAABIR AN FuFasTn nnadan
dmadanfuasdndin anisinmasAan s
wmaneaedeslud Tnanisayuig N9
AABAAUNTRNTAT Y LaZN1TTANIIAY 1 UUR
A llsunsneeannfudndln nnAlandnadnans
wazdndin amanendedadlul ynisznis

NANSANBILAZIANTOL
24 F{ﬂizﬂﬂ'ﬂﬂ'\ﬂl’ﬂ ﬁ‘ll’ﬂ\‘]’ﬂ']ﬂ']ﬁ‘ﬂ ANRAN

TnaugndnAnyaeegasanis toun Tdshu
Tty Waly wazId199981119MAADINN 6 §A9

A1 efle waneldlu Table 1 AA1lnaAEaR D

Aruadly iuaadaaduAl GE N leann

q
AN
g

o) Sho

AIIEWERTRINNINAREY WU HANFN9TY

)

7

N

5
1n

wanaInid anuanisiamedseaudalaluaimis

FUATUILaNns 200 keal TIRHAITNLANF N
v

gwpaaiudn MEAlan1vualddumaaiu

NARBINA 6 A4RTAINATT NN zgmmmiﬁ'ﬁ ME
wie GE szsumn azdifialagelu dailulylu
fan1aAgafuA T A uanl sieiidesannd
nldsmnAnunavdials ldur srdaazidanlu
ARIDINIITALIG witapeldSunaudiele luszsy
Funnh WF1 naafe flszdt 2.5-35 % uaz 3.5-
8.0 % Mulidaaeny 1-8 uar 8-19 4w muansu
(Hubbard, 2019) wsadlszaulaiiiu 8 % lua1uis
1ﬁ1ﬂiizﬂx§'umﬁ0 (Tangtaweewipat et al., 1996)

ANTTONMNNITHAR
anNN13lFeNuNIRaeATEETN1INARRY 5
Flarfludadlieny 11-15 a1l nawansldly
Table 2 Usangdn TdwupUfauwuS (interaction)
URITZAL CP ey ME (P> 0.05) ‘Lunﬂﬁ’ﬂwmzﬁ
= dl a o o £ U $%
Anw Wanansuntladauanmnu CP wuan n13le

819NN CP 3vA 14 (17%) WHas uanssann

Table 1. Chemical composition of experimental diets (% air dry basis)

Level of CP (%) in diet 17% 15%

Level of ME (kcal/g) in diet 3.2 29 2.6 3.2 29 26
DM 91.66 91.65 92.94 91.70 87.13 86.81
CP 17.24 17.16 17.04 15.70 15.23 15.05
EE 7.50 4.73 4.21 7.18 4.40 4.14
CF 3.80 5.70 7.52 3.83 5.20 7.1
Ash 5.07 7.74 9.36 6.23 8.24 10.70
NFE 58.05 56.32 54.81 58.76 54.06 49.81
GE (kcal/g) 4.046 3.821 3.602 3.960 3.799 3.539

Analyzed at Feed Lab., Department of Animal and Aquatic Sciences, Faculty of Agriculture, Chiang Mai University

DM = dry matter, CP= crude protein, EE = ether extract, CF = crude fiber, NFE = nitrogen free extract; GE = gross energy
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N1su@n (BWG, ADG, FCR) ke uyuA181%13
m@umuﬂmmu 1Alanfu (FCG) Andanasled
CP s AUAN (15 %) ad il Tad Aty (P < 0.05)
TR USu M e I LA TERTINTIANY
TduAns1afiw (P >0.05) a1usuiladasiu ME
wudn IiAue i sld it ve it dn Ay

N138MavT895zAL ME Tugasanuns asdana 1

AT vinein i (BWG waz ADG) Qq%u Tnefiss i
2.9 keal ME/g l5f BWG uaz ADG gafiga uansin
mﬂmﬂmmu 2.6 uaz 3.2 keal ME/g (P < 0.05)
YaNaNTNLI mﬂummiwmmumm 2 9¥AU
(3.2 ua¥ 2.9 keal ME/g) l¥A1 FCR way FCG An4n
151819 INAI9UAN (2.6 keal ME/g; P < 0.05)
Tuanuefignsnisnig ldunnsnefu (P > 0.05;
Table 2)

nnsfileansydu P luenunsann 17 %
il 15 % 1115 BWG uaz ADG 384lnianasiy
farmmiesaintifueruisldlaisaeiu fe
IA5uaTuan 3.31 uaz 3.34 Alanfusasfa AMNAAL
Aedana W lA145UU3u 00 CP (CP intake) s2%19
& U Met way Lys (Met and Lys intake) CRICEY
nsnezfilusdudlndnanaduddui 1 uay 2
(1* and 2™ limiting amino acids) anaalldaaniu
nawm"l,ﬂmm AU CP m@u@”l,m"l,mmmvl,ﬂu
i) ) InTuzAInanalunuIng Aty sadam iaeann
Fadinldsiiulddilenssnsedn nsaseyiivin

nsliiile Iiun naanaunisila uaznisdunug

susaflugouiseneuaesimad enzyme #8511
waznfiAuTY (Cheva-lsarakul, 2003) Ms#ilisl BWG
uaz ADG deld5uemnsi 17 % CP 44n91 15 %
CP u ARAARBIAL TangtaweeW|pat et al. (2000)
‘wvl,mﬂﬂm‘LuvLﬂ@ﬂmﬁm”mwwwummﬂivmuw-
ALLsRUgLen TS (N x Redbro) Tutdasangln 1-13
dlanef fisnaanndn mﬂﬁ’mmiﬁ'ﬁ CP 5L/ LG4
Azl lA T minFafiunanndn luaneiny
annsldanaaileauiunisly cP szdusn
NIULLALINLNANITAN 1284 Phaitong (2017)

lulinszgnalasanisnansdasany 1- 13 §1a i
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Wa e Songsee et al. (2020) NAnu1 lulAwsanay
9181911491 n9lFRmnIRal CP $2AUE (19 % CP)
M1 1% BWG, FCR, ADG Wz CP intake Andn CP
SLAUAN (17 % CP) at19ldud1ATy dmiunedl
n1sanszau CP luauisaslneldduanseny
satsu1neIunsiuiy aenadesry Liu ef 4l
(2015) 17;ﬁnwﬂuin’mzqﬂﬁﬁzil”wmm”wmﬂﬁ
@115 12, 14, 16, 18 UAZ 20 % CP lugasang 7-12
#laef lilnan I lnniue i sunnmneiy (P >
0.05)

n1sanseaU ME lugnsa1uisaenali
IifAuawnsldifindu (Table 2) u a1adaniug
iegannlingnenufivewnsite Iy lésuLsun o
NAWNIU (ME) WiNeNNaAUAINARINI3U29518N 8
fadl Mbajiorgu et al. (2011) nan941 naziuenuns
AUlAFUNAIINUATUAINANNABINITAINY AT U
aanndasiusEIIud Y °] 1% Phaitong (2017),
Pingmuang et al. (2001), Tananchai et al. (2001),
Tangtaweewipat et al. (2000) L@ £ Songsee et al.
(2020) el nalurnue i an iy uazainnisila
Auavnsld i nduilie st edena 1A IE T Sun o
Tnguzifingu v ldlifinsssyduladiu s
Cheva-Isarakul (2003) lenanqa19131a9 asinglsfia
nsl¥anmsi s ME sz usingn (2.6 keal ME/g)
¥nliAn FCR daandnnisliemsiid 3.2 uay 2.9
kcal ME /g (P < 0.05) %qdqmaiﬁﬁunuﬁﬂmmi
Qa%uduﬁu Tnelunisinenadell nsldenns
7151 ME 5261 2.9 keal /g It BWG uaz ADG gafign
LANAN9aINN3IH LAY 2.6 LAz 3.2 kcal ME/g
(P<0.05; Table 2) aamAR a4 U Hidayat et al.
(2016) 2181911447 VLﬁQﬂN&NﬁuLﬁ‘ﬂ\i‘ﬂﬂ\iﬂ?:mﬂ
Aulnl@efldszAnsnannisnanimunvauiile
TWgnsa1nisiiil 2.9 keal ME/g Haueaiiaarfy
718491UU8Y Pingmuang et al. (2001), Tananchai
et al. (2001) waz Tangtaweewipat et al. (2000) 17{1@”
Anelulignuanituiflesszguasiiuusinug
isnlus P ldnannldud
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Table 2. Production performance of Pradu Hang Dam x Hubbard JA 57 Ki crossbred native chickens fed

diets containing varying levels of CP and ME during 11-15 weeks of age

Initial BW BWG ADG Fl FCG Mortality
Variables FCR

(kg/bird)  (kg/bird) (g/bird) (kg / bird) (THB/kg BWG) (%)

Mean of main effect:
Level of CP in diet (%)
17 0.75£0.07  0.95+0.14™ 27.01x4.09"™ 3.3120.53  3.52+0.35" 47.95+3.80" 1.10£0.12
15 0.77+0.02 0.83x0.14"  23.97+3.93" 3.3410.78 3.9720.50" 52.01#5.26"  1.17%0.07
Level of ME in diets (kcal/g)

3.2 0.76£0.06  0.74x0.09° 21.19+2.56° 2.56:0.33" 3.45+0.12" 47.63+1.48" 1.09£0.14
2.9 0.75+0.07 1.01£0.13*  28.78+3.71°  3.55+0.12" 3.58+0.49" 48.02+5.80" 1.15+0.08
2.6 0.77£0.02  0.93x0.117  26.49+1.48"  3.88+0.32" 4.20+0.37° 54.29+3.69° 1.17+0.08
CP x ME

17 3.2 0.76+0.08 0.78+0.05 22.33+1.30 2.65x0.21 3.40+0.26 47.94£3.56  1.02+0.81
2.9 0.72+0.09 1.10+0.04 31.40+1.12 3.5656+0.27 3.23+0.26 44.29+£3.58  1.18+0.92

26 0.77+0.04 0.96+0.07 27.29+1.90 3.73x0.14 3.91+0.28 51.63+£3.72  1.11x0.87

15 3.2 0.76£0.06 0.70+0.10 20.05+2.99 2.46+0.37 3.50+0.20 47.32£2.69  1.16x0.90
2.9 0.78+0.06 0.92+0.12 26.16+3.51 3.54+0.13 3.92+0.49 51.75#6.44  1.11x0.87
26 0.78+0.05 0.90£0.07 25.70+2.13 4.03+0.36  4.49+0.25 56.95£3.19  1.21+0.94

Sex:

Male 0.78+0.02" 0.93+0.12" 26.61+3.39" 3.50+3.15"  3.7840.47  50.09+4.94  1.10+2.15

Female 0.74+0.05° 0.85+0.17° 24.37+4.82° 3.15+0.68° 3.71+0.51  49.98+2.99  1.17+2.23

P-value:

CP 0.224 0.001 0.001 0.587 0.001 0.006 0.855

ME 0.523 0.001 0.001 0.001 0.001 0.005 0.978

CP x ME 0.450 0.082 0.077 0.102 0.061 0.058 0.956

Sex 0.007 0.002 0.002 0.001 0.529 0.513 0.821

SEM 0.01 0.02 0.71 0.10 0.08 0.93 0.14
Ju—

Values with no common superscript differ significantly (P < 0.05) when tested with Duncan’s new multiple range

test following analysis of variance

Feed cost (THB/kg): 17 % CP, 3.2 kcal ME/g = 14.10; 17 % CP, 2.9 kcal ME/g = 13.70; 17 % CP, 2.6 kcal ME/g = 13.20; 15
% CP, 3.2 kcal ME/g = 13.50; 15 % CP, 2.9 kcal ME/g = 13.20; and 15 % CP, 2.6 kcal ME/g = 12.70

Culling rate of all groups were 2.3-2.7 % without significant difference among the groups

ME = metabolizable energy, CP = crude protein, SEM = standard error of the mean

129



M5A19NEAT 38(1): 123 - 134 (2565)

o
asndsznaudin

4 2 i I
Waduganimaaasiiinent 15 d1Uni

iinnsdalimeaz 2 faseth linmesdilsznes
70 wauandldlu Table 3 Ysngdn lunuidadaAny
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fnunueRAnen vueaRatusyAy CP luanuns
AldfuasadneueaInataad 9 ldg1 ATy i
A2UNAUDI ME W91 AR4IUIBINTEINIZLA LAY
lafludeafesdlUi i i uaunisanases
7eAL ME Tugmnsamng (P<0.05) ‘1%\1?: It
lasuludesiesgeiu fanmeidesann ildsu
UTunmlnaurgeiu Feuanannazinlilniinns
L@?@Lﬁuimﬁﬁﬁuuﬁq Tnauzdoniimaeldressrane
Tneiannzatinadaliunn ME azgninliazanlugy
Tusfurdndesiasuaziaiuedanznialuiienig
(Kubena et al., 1974) Tunstiaesllsiuusdinazien
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§19n1e/l8 (Cheva-Isarakul, 2003) anADAARDITL
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melufiBunnufinduiiedinisansysu CP uazsise
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N7 lunnanssiiudnaiermsid Cp A anadings
arfilufisniuld e anefuaanufeanisres
franna M ldnsdaanmefldsiuddszdnininidas
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NNUBAUAETL Paitong (2017) ﬁmmqudﬂﬁna:@ﬂ
slassnnsmand idndanlasiulugesteaiisduile
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laiumnFneiis wae Songsee et al. (2020) finenudn
Ihwsaneuidadouesluiuludesiesansaie
fAnn7an7zau ME Tuanuns dauAuuANsNggag
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Table 3. Carcass composition of Pradu Hang Dam x Hubbard JA 57 Ki crossbred native chickens fed diets

containing various levels of CP and ME during 11 - 15 weeks of age

Carcass Carcass composition (% hot carcass)
Variables

(%) Breast Thigh' Drumstick’ Wing Liver Gizzard Fat’

Mean of main effect:

Level of CP in diet (%)

17 75.14£2.09 18.81+0.74 18.59+0.20 16.10+0.55 14.94+0.22 2.78+0.41 2.82+0.44 2.21+0.77
15 74.60£1.32 18.54+0.61 18.41+0.68 15.97+0.65 14.78+0.27 2.92+0.62 2.91+0.56 2.35+0.64

Level of ME in diets (kcal/g)

3.2 74.0241.16  18.33+0.48 17.27+0.45 16.30+0.45 14.93x0.22 2.90+0.62 2.27+0.11" 1.6520.65

2.9 74.86+0.65 18.82+0.59 16.60+0.93 15.86+0.93 14.84+0.30 2.78+0.30 3.10£0.19° 2.31+0.42

2.6 74744232  18.88+0.03 16.42+0.32 15.94+0.32 14.82+0.29 2.88+0.56 3.23+0.26° 2.89+0.22"
CP x ME

17 3.2 7455239 18.61£1.94 16.30+0.87 16.23£1.89 14.98+1.17 2.74+0.77 2.29+0.14  1.36+0.63
2.9 7449256 19.30+2.02 16.78+0.87 15.90+1.01 14.96+0.98 2.75+0.29 3.01+x0.31  2.42+0.69
2.6 7537£220 18.52+2.62 17.56+£1.24 16.16x1.25 14.88+£1.04 2.85+0.42 3.15+0.34 2.85+1.24
15 3.2 7548+7.72 18.04+4.12 16.99+1.35 16.36£1.66 14.76+1.45 3.06£0.50 2.23+0.44 1.92+0.67
2.9 7422222 18.35+2.52 16.41£1.17 15.82+1.16 14.72£1.09 2.80+0.36 3.18+0.33 2.19+0.75

26 74.11£574 10.24x320 16.33£1.66 15.72+1.17 14.87+2.23 2.91+0.33 3.31+x0.34 2.92+0.78

Sex:

Male 75.06£0.66" 17.11£0.72° 16.68+0.44 16.56+0.44" 15.07+0.07 3.01+0.35" 2.99+0.54" 1.95+0.71°
Female 73.68£1.82° 20.25+0.63" 16.64+0.38 15.50+0.38° 14.65:0.16 2.69+0.34° 2.73+0.43° 2.62+0.49"
P -value:

cp 0.595 0.632 0.225 0.670 0.630 0.180 0.215 0.454
ME 0.974 0.668 0.060 0.464 0.961 0.605 0.001 0.001
CP x ME 0.583 0.436 0.868 0.746 0.984 0.506 0.331 0.199
Sex 0.012 0.001 0.430 0.009 0.203 0.004 0.007 0.003
SEM 0.50 0.32 0.15 0.16 0.16 0.08 0.06 0.11
e

Values with no common superscript differ significantly (P < 0.05) when tested with Duncan’s new multiple range test
following analysis of variance

"2 Meat including skin and bone from both legs

’ Abdominal fat

ME = metabolizable energy, CP = crude protein, SEM = standard error of the mean
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WAL EYNT87E ABAARDINLIINENIUTRY Paitong
(2017), Pingmuang et al. (2001), Tananchai et al.
(2001) waz Tangtaweewipat et al. (2000) AlAAnNE
ulignuasituiles (N x RR-BPR) uazlinszanen
TATINITNAN
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Effect of Cassava Chips Meal Fermented with Yeast
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Abstract: Cassava is a potential energy source and cheap, it has been mixed in all animal feeds including
broiler feeds. However, it was very low crude protein content. Thus, increasing protein content in fermentation
of cassava chips meal with yeast Saccharomyces cerevisiae (CCFY) might improve feed quality. Therefore,
CCFY was tested on growth performances, blood biochemical values, and carcass characteristics of broilers.
A total of 120 Arbor Acres broiler, 11-day-old was randomly allotted to 4 treatments with 3 replications per
treatment in a completely randomized design. The experiment lasted for 42 days and dietary treatments were
composed of 4 different levels of CCFY at 0, 10, 20, and 30 % respectively, fed clean water and ad libitum
feeding. The body weight, feed intake, feed conversion ratio, blood biochemical values, and carcass traits of
broilers were recorded. The results revealed that the CCFY at 20 and 30 % in diet were a significantly poor
effect on growth performances, blood biochemical values, and carcass qualities than control and CCFY at 10
% (P<0.05). Base on this experiment, it would be concluded that the levels of CCFY at 10 % in dietary were
optimal to improve growth performances, blood biochemical values, and carcass characteristics of broilers.

Moreover, it was decreased cost of feed by 6.24%, compared with the control group.

Keywords: Chicken, blood biochemical, carcass characteristics, cassava chip, yeast
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v
o o A v

wididesnindellsiusn winvinanedesniniulduaciideyanisidasduszlaniuinsasanisadnd
ﬁqﬁumﬁ%ﬂ%ﬂﬁﬁqﬁﬁmgﬂimm’lﬁ@ AnwnavevseAudwduuandndas Saccharomyces cerevisiae
(Cassava chips meal fermented with yeast Saccharomyces cerevisiae; CCFY) lu@;msmmwi@mmm U
nswasniAnln Ardanidluien wasdnenzanvesdiie sumunimasesuuguasysal Ineldlnile
aneiug Arbor Acres AQZINA|11IY 120 A ’lﬁimmmmsm@mmumifuumumnmrﬂmmmmimqnu
4 335U 9 0, 10, 20 ua 30 % ANATAL 111 3 31 7 8z 10 #a WensuazthaniuLLLR ARaan1maaes
42 Su indeyauing Wanmewnsinu samnisdaguewnaduimin Adaeilluien wazdnes
g1n uanimmanaswudiiiald cCFy lugneamIaeAL 20 uaz 30 % Huavinlfanssauzninasayiuin
Andaunil uazesdlsznaugnaadliideinaniinguasunuuaznguild COFY szdy 10 % athafldtddny
(P < 0.05) Asagd1&dn n1sld CCFY 7 10% lugmsenws uszdufimanzauseausnuzninasoyiduls
Adandluden wazamnnainaesliife Tagliunnsnsannnguasugaitlaild CoFY

! A

AdA: 10 Adaedluaen aneouzsn Sy dasl

‘LI‘VI‘Ij’l phenylalanine, isoleucine, proline, A17uA 1IN ULAY
LLﬂIiﬁu@ﬂ‘miuixﬁuﬁw (Khajarern and Khajarern,

TR nuazndewiduansermnsdndoyd 2007) Morgan and Choct (2016) $1£19143199 51
dndradlasuatnaiieanamnani NAeInsluws e nduad Imquits (dry matter, DM) Tushu
azdu nandamades dantlu dunguingaunan wey (CP) e lemeny (crude fiber, CF) lasiu (fat or
unaslilsfiu §1 daredio wazdiatne iungu  ether extract, EE) lulnsiaunsi@nunsn (nirogen
ﬁmqﬁuuﬁnwﬁwumiﬂ?uwmmniummm“m’ free extract, NFE) 481 (ash) wAaL@esl (calcium, Ca)
NTLINNZLAEN ?ﬁx‘iﬁﬂmﬁ@wﬂ’wgq dana’lifisnmn wazWaanasda (phosphorus, P) Winfiu 89.42, 3.10,
ﬁunuﬁﬁmmizﬁ“mﬂ,ﬁu"ﬁyu N lidnddamiu 372,098, 82.77, 3.88, 0.16 WAL 0.37% AIHNANAL
asdndfesiduuasimundngaueinisdnd  Buinesdlszneunianiluiasiudrdeudias
wuaeltsfuuazunsandssuiiddszaninn wlsiulimuanawiug mmwﬁuﬁqummumd
LmzmmqﬂLﬁa@mﬁunuoﬁ”mmmi Tuddzuas 1R9A U mqmﬂ,ﬁmﬁ'm WAZNITAANNT (Khajaremn
(Manihot esculenta Grantz) Lﬂuﬁﬂn‘ﬁ'ﬁuﬂq (starch) and Khajarern, 2017; Wanapat, 2003) LLEﬂ'ﬁWiﬁ/u
SuUNINATANTdIUIN (WasTu) dszanod 80 % arunsnliul e muninaasdudnleuds 19
gﬂi%’l,ﬂummﬁrl,m'@'qwzi”\'mu%a‘l,umw,l,am‘fmﬁ,l,m Usuraldsfusanfensaazfilunieaialdifia
H31angnnduuandaaine Khajarern et al. (1982) Fuld Wnaendanszuaunimmaanalulaiainan
21891191995 UA11U £ nA9UA (cassava root meal) (biotechnology) 11 nsldqaungesatiasidnun
luwaaa’]uw%ﬂ?”‘iﬂﬁuﬂlm metabolizable energy, 4981 (Omede et al., 2018) Antai and Mbongo (1994)
ME) Lmﬂmmummmqﬂu 3,260 nla Lm@mm $1891431n13 B4 Saccharomyces cerevisiae
Alansu Wwliwind 3200 - 3,260 AlanAaassa niinaenTudnl enaeana (cassava peels) 111
Alanfu uwazfinsnaziTuanaiiu (arginine) g9 115000 P Wiinduann 2.4 111 14.1 % Oboh
windeanimAeszaullsAuneny (crude protein, and Kindahunsi (2005) $181911491n131 4846 S.
CP) nsaa i 11 methionine, threonine, cysteine, cerevisiae MNBINHUA1Uzuad daungndsuse Ay
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P TuuTssiuglevdafadlgann 4.4 1 10.9 %
yanani Boonnop et al. (2009) $1e41131n19 1
gasf S. cerevisiae nINTudu wazdaudUeuds
andu ¥ 1A CP waz EE nsneazi luladuifix
Fugnn wenanniusain1Fadu Heduda waznaw
soaTuduna s ud 1 sudsandundn Ay
TuanueiiBunnnselalasloaniin anadetinenn d
dwaansiadiviud fudenmannadudnlznes
Widuingaufiddnaninlunislddsslandily
wnasllsfunazunaanaseulugnaanunsdnd
atinalsfAn s ld T ud s nd R munvan lu
gasarvisneluliide uazlild fsoeuaes
Gomez et al. (1984) iLa £ Osei and Duodu (1988)
szydn Wiiileaun ol 1df sz i 10 % Gomez
et al. (1987) 81991 14 1A 093261 30 % @21 Enriquez
and Ross (1967) LAz Olson et al. (1969) 318191191
aru9n’ldliganania 40 - 60 % dausululnld
sveizli@nnannnsnldléRs=du 15 % (Thirumalai
et al., 1990) daulilily (uadld'le) W14 R sy 30 -
40 % (lyayi and Tewe, 1994; Khajarern et al., 1979)
Uchegbu et al. (2011) $18197u4n13 M Waduua fau
FunnmEadalne /nnudadianineimaeann
19N Lﬂ?lmﬁlu (maize/sorghum brewers’ dried
grains) Tugmsnd@an 1: 1 anu190 Mnaununigld
windralnaualdfiszdy 30 %lugnsaiuns
e wananniu faflsnaamnislddauaesnin
WAEANTYURA AN A9 N ug 1 uas
wWuanusln Knempaka et al. (2014) sne91u37 4
nnfuihfuiasmaefandnatinllwinid e
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1475260 16 % luaniz#i Boonkong et al. (2018)
9789 1UNA N0 MNNERdNL <1ad (cassava pulp)
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1Al47se i 10 %
widnaziisnearunisldwasiugnlenas
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Wuszaziaan 10 94 lusendrafilinnsalisy
81M1INGNAIUAN (Table 1) wazHu1aze1n
1A UeENANT (ad libitum) anniugulneng 11
Ju uveanidu 4 nqu WWlATuammaaesni
n19ld CCFY lugasaiunse19aiu 4 526y Ao
0, 10, 20 kAT 30 % MINAAL TneuAngNe1nIs
NARBINI 3497 ] a2 10 A3 A luABNNUABUNTA

I 4 Y . &
WWANUT 4 An31uns Mdunauidudanyusesiu
= a/%l v 1
daunsalliuazervisuuunaulinigluusiay
pBNNAADY b lAFUN19IT LN ANLAZLAIAN
¥ = 13 ?/ o
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(SAF-INSTANT®) S. cerevisiae) a11914 500 NN N
agluindzan 2,500 Haaans anntuuds lfidnnu

A9l 1 dalug



M5@19NRAT 38(1): 135 - 148 (2565)

Table 1. Ingredients and nutrient composition of experimental diets

Grower period (11 to 21 days) Finisher period (22 to 42 days)
Parameter Levels of CCFY (%) Levels of CCFY (%)
0 10 20 30 0 10 20 30
Ingredients (%)
Corn meal 42 32 38 30.5 4275 45 45 30
CCFY (22.63 %CP) 0 10 20 30 0 10 20 30
Rice bran 11.84 17 14.84 21.34 7.8 7.55 7.55 24.05
Soybean meal (44 %CP) 30 20 10 0 30 20 10 0
Fish meal 8 10.34 9 10 5 6 8 8.5
Palm oil 55 8 55 55 10 7 5 3
Dicalcium phosphate (18.70 %P) 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55
Limestone 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
DL-methionine 0.30 0.30 0.30 0.30 1.5 1.5 1.5 1.5
L-lysine 0.11 0.11 0.11 0.11 0.7 0.7 0.7 0.7
Premixed’ 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Analyzed composition
(% on DM basis)
Dry matter 93.71  94.00 92.77 9291 9439 9416 9439 93.82
Ash 6.76 7.26 6.45 6.72 574 6.10 6.25 8.98
Ether extract 8.18  10.26 8.49 8.54 10.83 9.14 6.73 6.48
Crude fiber 6.20 7.72 9.12 9.66 6.51 7.43 8.81 9.82
Crude protein 2406  23.02 2294  22.83 21.11 20.07  20.03 20.26
Calculated metabolizable energy
3.04 3.22 3.27 3.37 3.17 3.19 3.23 3.22
(Mcal/kg)
Feed cost (THB/kg) 17.75 17.51 15.47 14.24 2163  20.28 19.44 17.42

CCFY = Cassava chips meal fermented with yeast Saccharomyces cerevisiae

"Premix (mineral and vitamins) provided the following per kilogram of diets; manganese 86.28 mg; iron 108.11 mg; copper 62.74
mg; selenium 32.75 mg; zinc 136.99 mg; iodine 1.64 mg; vitamin A 1650 IU; cholecalciferol 330 |U; vitamin E 100 mg; vitamin K 4.31
mg; vitamin B1 2.53 mg; vitamin B2 8.02 mg; nicotinic acid 53.96 mg; vitamin B6 2.53 mg; vitamin B12 1.54 mg; pantothenic acid
13.23 mg; folic acid 1.38 mg; biotin 5.50 mg; and chorine 2583.33 mg
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9) Lm?m\l@’m*]sfgm%m"Emm’ﬁmnﬁ’]m@
(molasses) 600 n§u mmm (46 -0 - 0) 1,200 N§u
uazdstaies (sulfur) He 100 50 maslutingzenn
2,500 NaRamT mmmlmﬂmummmnu

A) mﬂuummm@mmmLmﬂmm‘u@ n)
mmmmummﬂ@mfmmwLmﬂmwﬂm U) NAN
Wiiwdemantu ugldduauaunaidn (PUMA
MINI® 12-2038T 12 V) laifnennnaiald 24 dalua

O s nfuduualunimaaeda el
’L%ﬂmﬁuﬁ%@mﬂmm‘mﬁﬂuuﬂwmanaum
q"ﬁﬁ”m (B8NS T9NTAENALAT) mmmmﬂ
meummumuumwmm 1 faRwmAs AN
Tk un a1 Ao uduiisrdy 80 % 1l ol
WanEgusLNITIAUN e IneiRntinazana 920
Lanans saduduun 1 dlaniu

q) Wi e auanwiaylgainde
A) wanfuuduuaisaenldainds ¢) lusngaw
50 Hadans fie 1 Alaniu nanagniaa1 g
mnﬁummmﬁqwmaﬁmmm 200 An7 8A LU
Iﬁﬂiﬁﬁﬂﬁﬂﬁﬁﬁ@ﬂﬁ@mﬂﬂﬂ&uﬂmﬂﬂﬁﬁﬁ'ﬂﬂﬁ'm
snsegilidauminiielfiduinan 2 dlanef deiin
aananAnuKs AL WlAY 15 % Wususm
ldnazaey et duanlugasaimaniugms
naaaasaly

46981113 Aa0 41N deautseandu 2
doepnenyedln Aedasszaziasiuls (grower
period) Tﬁ@wq 11-21 J1 wazd992829u (finisher
period) liang 22 - 42 41 InaudazdailszAuaas
Juduuandnias S. cerevisiae Tua1usmnaniu
433AU A8 0, 10, 20 WA 30 % MINATGL (Table 1)
ANUNUANARINTINTUTUAN (11951 LaswadIny
s Taamiile) ge¢liifen1uFIuuzinge NRC
(1994) 1ﬁL‘ﬁ’ﬂ‘ﬂ’1q 0-214% Aaenslysmu 23 %
nasndsuldisslonidld 3.2 wnnzuAaasine
Alansu uazliiiieany 22 - 42 4u Fasnasldsiu
20 % uazndasuldszlamild 3.2 wnnzunanes
sianlaniu mananAU
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3. mﬂﬁusqusqwﬁ"aga
| = o = PRPy
FNAARINNFLUNNLFHIURIUNIN 1T LA
d . e d - a ns
arusmuaaluwiazduinalsziiuanisnule
wazamsninlagueuis dauudnlinaass
AOWG TNAURE 119U wavdedindnyndland
Wadanunisasyiuln lnaA uiaussous
nsuanveslniianadl
aman1aasyLiuinefasadu (average
daily gain; ADG, g/bird)
R
JUNLAE

= YNNI AN / A1191

USunmuamnsifuieaafady (average
daily feed intake; DFI, g/bird) = U5unna1mIfiny
Vs / Saunslifivieriane

§nannnasuatmaaduawin (feed
conversion ratio; FCR) = e efidsianse /
duinsfiiasome taasuanufiusedi

8A31N19ANE (mortality rate, %) = [A11491
TAmne / SualAFud x 100

ﬁunummmiﬁiﬂmﬂﬁmﬁwﬁnﬁq 1

Alansu (feed cost per kilogram gain, FCG) =
[muwummmi (mwmn‘lﬁmau X BRI
Au (N3)] / sinsaTifaTes (n5)
ﬁunummmmm (umeanlaniu) (real
feed cost) = [ﬁunwﬁi’m’mwﬁi@m‘;?L‘WluiaiwﬁﬂﬁTfJ 1
Alansu x 100]/ FMINNNALNI0N (%)

AU UA18IUN9FR6A (feed cost) (UN) =
dwinsa ity (Rlanfusesa) x AuuA1IMNg
a3 (U nsanianiy)

nnlegssiasia (net profit) = yarinisangln
L'f':@ (LNBIBEN) - FUNWAIBINNTEBFN (LN, (*37A1
anelriiile = 36 U nsanlansy)

AATA129ALIENAUNIWAR1RIBIUNT
naaed Ty uazduduuansindas S.cerevisiae
(CCFY) ma35n19289 AOAC (1990) i dhgusis
Tulsdumeny s 180 e leveny

Tudasfinaaasnimaaaslinaassang 42
fu vanrsenaamsiiutu 10 dalus arndugald

aanuianun 16 ia Inaguln 4 5a (Aaznesag
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2 f9 WALALHE 2 f9) ABDIUITNAABIBANNILAL
faagnadann1u3iadn (wings vein) U3u1ms 2
faaansaas ldluvaenianslastunisuds
mwmm@m (Vacuette® Lithium Heparin) )y nulalu
mmnml,m'ammm 4°C aniuganadinmed
AdandludenfiusEnaeuniunal 1ine
1189 9undnaauwiy oA ANATeRATY (creatinine)
neAEIN (uric acid) ABLAALABIEA (cholesterol)
ﬂ'aLMmemmﬁmﬁﬁmwumwuqq (HDL
cholesterol) ADLARLARIAATEAT T AN LY
ﬁ‘i’] (LDL cholesterol) aspartate aminotransferase
(AST) WazAN alanine aminotransferase (ALT) Lag
gulieanun 8 fasieau1Imaans (WAL 2 Ao
wazinAle 2 69) Wedlsy il udnmaizan e
daminldndeannanainisagldAdaninde
FIUNAZTIN (shrunk live weight) WAZNINITE A LG
TANMINAENNT Jaturasitha (2004) Iaeianme
LmLﬁamfa@ﬂLLzﬁ”qmni’w%’@uqmuqﬁﬂi:mm
75°C 11U 2 - 3wl iieneuanli lnesunzaely
(evisceration) 880 lAtN1LTII0U pelvic bone U
NANTVUN FAARBAINTREARNTZAN atlas joint LA
Faudana 2 audawin udaenadanznne ludou
13TnA14 Giblets: %ala fU uazAY wadatinven
g7n1an (eviscerated carcass) antuLengaRy
i’f@g@{qﬁmﬁﬂﬁu (liver) ﬁu (gizzard) wazlusisu
Tutdesiag (abdominal fat) Anuendduaasrasinn
aanaIna1falnaINwUINszan antuutdan

284991 (leg Y138 drum stick) LL@"’@“’I‘WH (thigh) 8@n
mﬂﬂumuLLuq"u@m@m”anmeumuﬂ l@1znIEaN
°mmeiu@ﬂmiwn@@ﬂmumuﬂLu'am (drum stick
meat) LAY Lﬁmﬁ'qmﬂm (thigh meat) dquae4in
(wings) ‘me«m mmm‘mmmmmﬂnmnmn
mmummmmﬂ Az Lu@mumm@ﬂ (breast) 1N
AL INaTesanudafatinuin anniiy
Fnnnduganvesnliudarganild o fidus
Feuduiminanilanaesli

4. MINATISUTRYANNADA

i@g@ﬁ“@uumﬁmﬁﬁLmqw’mfg’muﬂiﬂmu
AINULNUNIINARBILLLGNANY DS (completely
randomized design, CRD) ii3aitifiei A NLANFNS
IANRAEITE NN AEAFN 13999 Duncan's
new multiple range test (DMRT) ﬁixﬁuﬁﬂﬁﬁﬁm
0.05 salisunsa SAS (1996)

Nﬂﬂ']ﬁ‘ﬂﬂ@ﬂﬂtlﬂ%aqq’ifﬁ

1. a9ndsznaulnduzaasiuiduuanindas
S. cerevisiae

ANasAlsznaun elnguzaas CCFY uans
u Table 2 aannmAaeINLIN CCFY Hsvaullshiu
wenu Tusiu o Lmzﬁﬁmquﬁuﬁmﬁummﬁu 3.15,
0.12, 3.28, 88.14 1{11 22.63, 0.14, 3.85 Uax 91.07 %
(DM basis) AMNA1AL %qﬁm‘ﬁ'@;aﬂfjﬂﬁmﬁuﬂﬂﬁ

Table 2. Analyzed chemical composition of cassava chips meal and CCFY

Nutrient chemical composition (%) (DM basis) Cassava chips meal CCFY
Dry matter 88.14 91.07
Crude protein (N x 6.25) 3.15 22.63
Ether extract 0.12 0.14
Crude fiber 5.36 4.82
Ash 3.28 3.85

CCFY = Cassava chips meal fermented with yeast Saccharomyces cerevisiae
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aniduAdelavany AT AAAAIAINAN 536 %
AR 4.82 % (DM basis) Liiaifeuszvdnasiuidy
fU COFY uaflldhaanndaariy Oboh (2006) kA
Boonnop et al. (2009) Aisnseudnuduna iy
dlzudagniiiatinunisvsindasias S.cerovisiae
v LAt sdtumeny waylusiuy Wnau Eelaveny
anad duflunansadadiiefinnsld cory lu
gnsams TnesinllasutUlsfuiingu uazdenad
fanisldds=lamildaesdnddaeiasanndidiale
MENUTARAS

2. ANFTOUSNITATYLALTAUASAUNUNITUAR
andlitiia

A1NN1INARAINAT8IN171E COFY @
FLALLANANAU 0, 10, 20 4az 30 % bugnsaInns
ﬁfammmuxmim??ﬁyLﬁuimmimﬁﬂ (Table 3)

wudn Tudasliifiaeny 11-22 34 uaming’

AN
(body weight gain, BWG) 8 m91n 191838 LA U

16
(average daily gain, ADG) LBuNnanITiAL (feed
intake, FI) Lmz'é”mmmaﬁmalﬁumwmﬂuﬁwﬁﬂ
(feed conversion ratio, FCR) WAN A9 Bati 198
Wag 1Aty n1vans (P<0.05) Tne'ld e 145y
CCFY #5261 0 uaz 10% A1 BWG, ADG, FI uaz
FCR ldsnariuad el ad Aty n9ada (P> 0.05)
wanAnsved el dad1Atyn19ad @ (P<0.05)
dedlaufunguilldFu CCFY 7isziu 20 uag
30% daulugasliiiianny 23-42 fu szduzas
CCFY lugmnsa1uns Anasiafn ADG LavA1 FCR
gadliiile ldumnseiuad 19l g1Ay n19ana
(P>0.05) usiszALIAR9 CCFY Tugnsanis Anasie
A1 BWG way Fl uansneiuad 19l dad1Aynne
ADB (P<0.05) TR AaATI9N1IN AR (11-

Table 3. Effect of CCFY in diet on growth performance of broilers

Levels of CCFY in diets (%)

Parameter SEM
0 10 20 30
Grower period (11 to 22 days)
Body weight gain (g/bird) 697.61°  674.53°  402.34°  315.35° 4.82
Average daily gain (g/bird) 63.36°  61.02° 36.06° 27.96° 1.67
Average daily feed intake (g /bird) 104.92°  112.75° 86.45° 95.54" 10.96
Feed conversion ratio (feed/gain) 1.65° 1.84° 2.13° 2.30° 0.19
Finisher period (23 to 42 days)
Body weight gain (g/bird) 710.68°  698.89°  719.82°  586.89° 4.36
Average daily gain (g/ bird) 37.40 31.95 39.23 30.76 3.06
Average daily feed intake (g/bird) 129.76°  154.92° 119.71° 115.69" 7.23
Feed conversion ratio (feed/gain) 2.36 2.35 2.49 2.76 0.13
Overall (11 to 42 days)
Body weight gain (g/bird) 1685.41° 1547.61°  1206.38" 909.69° 4576
Average daily gain (g/ bird) 52.16° 47.25° 37.47° 29.20° 2.81
Average daily feed intake (g/bird) 117.03%  133.32°  102.67°  105.37° 7.41
Feed conversion ratio (feed /gain) 2.01° 2.09° 2.32° 2.45° 0.12
Mortality rate (%) 6.70° 10.00° 10.00° 16.65° 3.17

Mean with different superscripts in the same row are significantly different (P < 0.05), SEM = standard error of mean

CCFY = Cassava chips meal fermented with yeast Saccharomyces cerevisiae
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42 34) NaURINT b CCFY fisxFuumnsinarfy 0,
10,20 A% 30 % LUgAIBIUIT WUIIHUAG B AN
BWG, ADG, FI uaz FCR atineliadAtynieais
(P<0.05)Tmﬂ1n'l,ﬁm7i1m”‘3‘”u CCFY 13261 0 uay
10% HA1 BWG, ADG, Fl Laz FCR lasneriuating
Adad1Atynneadd (P>0.05) waumns19ae 198
Wad1AtYn19aiif (P<0.05) Lﬁmﬁﬂuﬁm@mﬁiﬁ
FU COFY lsz#fu 20 uaz 30 % lugnsenns
ieRansunnalagsauaesnisld COFY #
FLALUANFNAAY 0, 10, 20 WAL 30 % TWgRIaIUNT
AamuansTouznisiasey i uinaasln Henaen
namaaea (11-42 51 aguldanlniledilésu cory
fiszsu 0 uaz 10% ilAn BWG, ADG, FI uaz FCR
TufianaefimndanguiiléFu CCFY fiszdu 20 uag
30% lugmsanng QTR AN TANE (mortality
rate, MR) W13 n@iuﬁié’i‘“y CCFY Mz 30% lu
4R901MNINANGININNNgNeL WHTRIAATYNNATA
(P<0.05) %mmmﬁmﬁumiﬁﬂwwm Adeyemi
et al. (2008) 31841U31N17 b F N Ud U naaun
NINAILTRIMAIAINNTLINY iLquummmm@
1Aiile ¥inl9nnsdusimingy muunmmmﬂ
nsfuldsedy dss@nsainnindasuainis
saudanisinifiuansenunstisiiu dele uazlasdi
‘lm'wmﬂ@mmmm:vﬁvuﬁqﬁuﬁﬂﬂ:mﬁ"\mﬁﬂﬁL‘Wlu%u
ey Khempaka et al. (2014) e e TR LT
mnﬁm&”]ﬂwﬁwﬁm‘%@m A. oryzaeﬁ'l,ﬁlu"ﬁyu
Tuamslriile M linsasoyauls dsednsnan
Aslaguanuns nsiuld uaznisdesldanas
LAZNITANHAT89 Oso ef al. (2014) 714537y

dnlzudaunilaldiendenanndisz iy 20%
189gA981M13 WU9 B linildae nsuis
Yamiin e Usunouenmn i waznnsdesidae
TusAuanas wiinliAinglaaludsu uazsssiy
lasfunaeaalAeseafiugy e useAaeg
WiTud e alue M sy LazauTe
Zanu et al. (2017) 318971431 N304 cassava root
flour NALNUININATISL AL 100 % Tuausliiie
Auanlen BWG, FCR, ‘lef'mﬁﬂﬁﬁ’m (carcass
weight) wazidafidusnn (dressing percentage)
saqliifeanas

naw89n13ld CCFY RAszduunnsnefiu o,
10,20 WAE 30 % TUgMTEINIT ABAUNUNITHAR
a9l uanaly Table 4 1Wefiansuualae
mududununsnanesliiie wudn Arduu
ANB7 (feed cost, FC) TR AN LANANaT et
Hud1ATYN19ada (P> 0.05) Wl AUNUAI1RINT
fantsfunininga 1 alansu (feed cost per
kilogram gain, FCG) ﬁunummm?‘ﬁ wa39 (real
feed cost, RFC) wazninlsgns (net profit, NP) {141
uanAnefuad 1l dad Ay niead @ (P<0.05)
Tnawndnliile s 1§50 CCFY fisziu 0, 10 uay
20 % lugnsamns flAn FCG uaz RFC luiiAniad
Ananlnfilé sy CoFY fiszdu 30% lugmsenuns
Tuanuzlinguiild CCFY fisiu 0 uaz 10% lu
4R98"9N3 A NP gandngaitldiu CCFY fiszsiu
20 WaE 30% lugnsnnung aeeliad1AtynIg
A06 (P<0.05) LANA9A NS uans N nsld
CCFY luszauitunnndn 10% 1uldwanernlsqns

Table 4. Effect of CCFY in diet on cost production of broilers at 42 days of age

Levels of CCFY in diets (%)

Parameter 0 0 2 20 SEM
Feed cost per kilogram gain (THB/kg. BW gain) 36.20°  38.58° 34.03" 56.05° 23.61
Real feed cost (THB/kg) 38.30°  42.02° 36.83" 64.73° 28.30
Feed cost (THB/kg) 39.40 44.78 32.54 31.40 20.78
Net profit (THB/ bird) 40.05°  39.76° 29.07° 16.76° 5.01

Mean with different superscripts in the same row are significantly different (P < 0.05), SEM = standard error of mean

CCFY = Cassava chips meal fermented with yeast Saccharomyces cerevisiae
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(UMFaFa) anas awsataniainifadanisld
TRgAuunaInaIIuaIndIaing (30 42.75 %)
Uay 31 (7.55-24.05%) Iummmmimm@uwm
Lmumﬂﬂj CCFY naununindamanslussdud
zgwu (30 %) (Table 1) Al iiE elasanaeq
BAIUNTANTU T9 Kanto (2016) 3181911431 LElale
Wudagaduuiseudsiamaaaaui lun1am
819117 N1 AN M1IH AN ENANNIZANTUBN NS
= P P v a

ApdauNiIudenaliienladlun1amuennis
nanulAiun Khajarern and Khajarern (2017)
s1gauddnIdnuanlasuaifiulawmsn il g
wdadu 1maglaa wwiiaglas uasiwuinuay
- o - .o 0y 4 -
winladlnuamannles vinliainisneyluniasu

819119 (digesta) AR Nuila (viscosity) g9 owlsl

yastindasidganlaivaie Asanansenusianisld
Uszlamildresaursanauazidiumann MR
vl lnfld U CCFY fisziu 30% lugmsanuns
flAngendmnnga (P<0.05) iladszananaludiu
AN NP siafaReinldi A NP daandnynngy
(P<0.05) a¢inal3Am N nanimmaanald CCFY lu
zgmmmﬂrhﬁm%ﬁ A UL N AU T8I UL
Diarra et al. (2015) ﬁwmmu%’f cassava root meal

AU 34 % AU copra meal (mnmw%‘maﬁmﬁﬁﬁu)
Aszav 50 % wardnisldienlasdsqn (allzyme) 1u
gnaaunsln L‘ﬂ@ﬁuﬁ Cobb Wu31 W lwAunuly
ﬁmmwﬁmLﬁfﬂirﬁ@mmlﬁ@Lﬁﬂuﬁunzg'umu@u
WATANIANENURY Zanu et al. (2017) 1847191 Nl
cassava root flour nARNUI19INA 100% lugns
8191971 Lﬁfﬂﬁuﬁ: Cobb 500 ¥ 1WA UaIMITaN A
LL@:ﬁ?ﬂﬂiﬁQ%E (net revenue) i

atn9lafin nniatsundayaaiennig
1 Table 1 Wauiuaniznguauau (1414 CCFY)
(1A 21.63 Unpanlaniu) ﬁun@;uﬁlﬁ CCFY)
fisziu 10 % lugmsaiuns (391 20.28 UNAe
Alansu) wusan nsld CCFY fi2vdu 10 % lugns
219113 H31A19NNIAMTIUN 6.24 % %@H@?zﬂﬂmﬂu
dszlagflunisdnduladegsiale

D Sh.

3. ANTAN lULRan
| ~ = & A o
Ardqedluidenaesliiilenant 42 Ju
wanali Table 5 WU Ha283aN15LE CCFY Ngzsy
WANFiNar1 0, 10, 20 UA 30 % Tugnsanms wuda J
HAEBAINIAYSN (Uricacid) ANABLAALABIDATHAT
ﬁmmumuuuqq (HDL cholesterol) ANABLAZLADIAR

Table 5. Effect of CCFY in diet on blood biochemical of broiler at 42 days of age

Levels of CCFY in diets (%)

Parameter SEM
0 10 20 30
Creatinine (mg/dL) 0.12 0.12 0.11 0.15 0.026
Uric acid (mg/dL) 8.62° 7.12° 1.95° 3.52° 1.609
Cholesterol (mg/dL) 125.25 124.00 12675 130.25 12.04
Triglyceride (mg/dL) 59.00 36.25 57.25 75.50 10.63
HDL cholesterol (mg/dL) 59.50" 7275  94.50° 100.25° 9.64
LDL cholesterol (mg/dL) 50.00° 18.25°  25.00° 39.75° 11.33
Aspartate aminotransferase (AST) (U/L) 298.30 436.00 257.80 242.50 88.26
Alanine aminotransferase (ALT) (U/L) 0.50° 3.50° 0.00" 0.00" 0.62

Mean with different superscripts in the same row are significantly different (P < 0.05), SEM = standard error of mean

High density lipoprotein (HDL), Low density lipoprotein (LDL), CCFY = Cassava chips meal fermented with yeast Saccharomyces

cerevisiae
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TR AU LA (LDL cholesterol) WwazAn
alanine aminotransferase (ALT) WANANaiuas195
Wad1Atyn19aia (P<0.05) WAszALaa9 CCFY i
anse1ns inasaA1ATI@NLY (creatinine) A1AD-
LAALBIATRA (cholesterol) A 1nsnamalas (triglyceride)
LAZAN aspartate aminotransferase (AST) luidan
1rilite (P>0.05)

Simaraks et al. (2004) $1891%491AIN 1Y
FAd WA At UeNNTTLAUNITUN LN LA AT N
(metabolism) 194@1781%1 37 18 52l lusanae
%ﬂﬁwﬁqra'qﬁmuﬂmsl,%ﬂixl,ﬁuﬁ”ngmmwmm
Fnflddae wazAdaniludenesliiieduiy
naneilade Wi anrunnlunislasuaisennis
(nutritional status) L A 21¢ HANA ARESTREICRT
(trauma) @neWugvsensdan1adsal Wyss and
Kaddurah-Daouk (2000) $1814 191 AN AN LT N1
994 creatinine UWUETUN1TaANANFINY T4
ﬂﬁ%\m’mﬁm muscle metabolism 284N & 1H L'ﬁ’a
annnisiaaaulug A1 uric acid lwiden il una
fiAnaNNsTuautasaant@1sa1istsiy uay
tauannisiieuredladadinlg danisdy uric
acid 1098 RTTnigevienn enatuiunisldiu
Weiululrzanaiiguinanudesniesmnig
vaalflada s ndwdulsafifiuadanisminey
g09ln 1Al luiAen (lipids profile) vl
loun Apalaginesea msnaalss lduTia
ALV LA (LDL) wazlasiuainmanuminuidu
44 (HDL) ‘u'q‘uaﬂﬁmmmwmmmm@mﬁa‘“v il
2ANDINTTUAUNITLN N LUBATH (metabolism)
ansavnslasulusanie Inanilnsnaelssd
avanluiiade (adipose tissue) Azl UULNAINANN1
Isfanng uimndBunngaiundifisumedesnis
sz liAannzlasugpsudwaen Arlnsnawelss
arduRusuAAn1AgatuiuAl lasdusianau
VU LUUAN (LDL) 9 LoL ilulasfusfiaanyinusing
1udinalanineses lldvaenuazadaoysig o
Wuanuginliiialsanaendenfuuazudy
(atherosclerosis) ATl uTTia A NI LYY
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'
vy a @

44 (HDL) dulud v uaeaginesen
andausine fuludesaaneiisu el dundeny
189519078 FeFI8aANNZNRANSALILAZLT 9
9849141188 m Clinical Diagnostic Division (1990)
saauArdaail luidendnddniAndnAees uric
acid WAz cholesterol 8¢ lu194 1.9-12.5 LAy 129 -
297 mg/dl INNaAU Café et al. (2012) 18911391
Iriidaanawus CobbAviands™ ang 42 Fu fldn
L'ﬂ?llﬂ’ﬂ'a\i creatinine, triglyceride, cholesterol, HDL-
cholesterol kay LDL-cholesterol lutaanviniu 0.44,
32.23,100.72, 25.88 ez 68.39 mg/dl ANNANAL

nsmeaesristmudn ThilleiirnaTiefitiy
NIALEN ABLAAIAEIDA tRINALTRLIR ANABIAALABIEA
mﬁﬂﬁﬁmﬁwumﬂuzp (HDL) ANABRLARLARIDATIA
AP NMILLLAN (LDL) A1 AST uazin ALT Tneid]
Ag U199 0.11-0.15, 1.95-8.62, 124.00- 130.25,
36.25-75.50, 59.50 - 100.25, 18.25-50.00 mg/dL,
242.50-436.00 k@ e 0.00-0.50 U/L ANNAA U
et A1eg luga91ni (Clinical Diagnostic Division,
1990; Coles, 2007; Thrall, 2004) aznglafia walan
ARLAELARIRA AN tRINALIRlId ANABLAAINETRATHA
ﬁﬁmwumuuuzﬂq (HDL) ANARLAALABIAATTIATE
ARNMLALLLAN (LDL) Tueunaaesiilydanis
LANAINAUNINADA (P> 0.05) e fiansnun
saiaanudn i lé5 COFY fisesu 10 % lugms
21117 AAnpalagdinesea Al lnsnamelss waziAnig
m@m’m@L@mmmfamﬁmﬁﬁmmumLuiuzgq (HDL)
FUANARLAALAR0ATIATII AN LLUAD (LDL) &
FsNTANga (Table 5) uanslfidudnnsld cory
fisziin 10 % husssufmanzausantsldilss oy
A11N19 metabolism #1981 TNAY N1 1WA LDL
Twidensi Sudunaisegunwli uasiseduilng
fae iasannldiTnade il LOL #n

Coles (2007) 51297%491A1 AST LazA1 ALT
Usnanianisiiafiei fu (toxicology of liver) 114
dndiniArUnfludaeaeeAn AST uaz ALT lu
&ndUndauluniegszndng 52-270 uaz 6.5-263
UL AANaNAY %qﬁumwﬁuﬁfﬁm’ WA 218 haL
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AN1NWIAAAN Thrall (2004) 3189743 UINAY DS
AST Rt i A1sunnndn 800 U/L anafludynu
ﬂq%dﬁﬁugﬂﬁqmmﬂwgmm AINNITAN TN
AfainugnliilefiAn AST waz ALT agludaq
242.50-436.00 kA e 0.00-3.50 U/L ANNANA U
wanlfifiudn CCFY anunsaldifiuemisliiiie
lalnadsnAanuansenusaganInuazng Ly
nananveslilie

4. anuauzdnaasiniia

HA22472A L CCFY lugmsanunsse
anwouzanaecliiidanant 42 u uanslu Table 6
NUINUIRTNNAIAADINITAAUT LA TN
H o . % o = & P
waingnidan damineseslusan ween 21 Un
Fu U wazledudesieslArunnsneiues g
Adag1An19add (P<0.05) urazinnsau
& X omw C e
weaazinn wavilealeldunnsdeiueg1ai
Wad1Atynieann (P>0.05) lae'liiden sy

CCFY 3241 0 uaz 10% lugnsa1nis Huanin
NAIDABINITABUTIUUAZEIN AARIUTBITIN
wWan uaziiiean gandinguinlau CCFY fszdu
20 WAE 30 % lugnannuns at19aldad1ATY N9
#4056 (P<0.05) ez liilenlasu CCFY Nszsy
20 uaz 30 % lugasa1nis HaAuauinanson n
fu Nu wazladudesiasgendinguilasu CCFY
N9zAU 0 uaz 10% lugneanuis ateldadnAny
NNATR (P<0.05) a1adaugilesainiinaaas
nguil (20 uar 30 %) o suulaned luiniuduun
Tulsunungeandinguau waulgneasaanaas
dl v o o o & dl

wasuwdunglaalindwauiudnd Wenglaa
) ‘ﬂl a ¥ ¥ =3 = dl

dquiiiuandeanisldarufiazinisdaaugl
nangldduladuazanluiietieladuvse losiuly
1 v =X o % o 1 v d?/ U U dl
197189 AT lasiuludesiesgeaululingun
1A 51U CCFY s2/U 20 WAL 30% Iugneanung
(Table 4) aaAARBNAL Mir et al. (2017) 3189711431
nslafuatsanuisresinideinansenulnamnss

Table 6. Effect of CCFY in diet on carcass characteristics of broiler at 42 days of age

Levels of CCFY (%)

Parameter SEM
0 10 20 30
Shrunk live weight (g) 2,619.75° 2,619.50° 2,110.63° 1,504.38° 60.28
(% of shrunk live weight)
Eviscerated carcass 84.96° 81.57° 77.49° 74.46" 1.08
Giblets 7.36° 7.63° 8.65° 10.24° 0.41
(% of eviscerated carcass)
Breast meat 25.01° 26.18 23.66" 18.38° 0.78
Thigh 13.90 15.36 14.94 15.57 0.56
Thigh meat 11.58 13.14 12.63 12.72 0.54
Drumstick 12.39° 12.08° 13.14° 13.96 0.56
Drumstick meat 9.39 9.33 10.05 10.12 0.48
Wwings 9.01° 9.14° 10.09° 10.43° 0.32
Liver 2.03° 2.06" 2.82° 2.78° 0.16
Gizzard 1.60° 1.58° 1.93° 2.81° 0.13
Abdominal fat 1.19° 1.70° 3.03° 3.57° 0.46

Mean with different superscripts in the same row are significantly different (P < 0.05), SEM = standard error of mean

CCFY= Cassava chips meal fermented with yeast Saccharomyces cerevisiae
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. 4 . -~ -
santadasundasluniunisiaiyiuinaas
TA994514 (skeleton) $19N78 NAHLLE LAZNNTATEN
23T (fat depot)

G
sl as S. cerevisiae tUninsiuduun
meldanneilifioandiau Wiwaan 21 54 a1une
WndFunnulisfunany Tusiu &1 uazdnguiis
LﬁN%ﬁ@’]ﬂLaN 3.15,0.12, 3.28, 88.14 % iy 22.63,
0.14, 3.85 LAy 91.07 % (DM basis) ANNANAL LAY
yldAdelanenureaiuduanatainiis 5.36 %
AR 4.82% (DM basis) kazd1u190 1dTuiduun
winfas S. cerevisiae W38 CCFY lugmnsaiung
§Asziu 10% lugnsatnis Taelifiuaidede
ansInurnInAsyALln AT luaen Lay
fnearanaesliiiie uananniu diarunsaan

FUBAIRIMT LAY 6.24 %
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Abstract: Wastes from a low-quality tomato variety “Thomas” and an incompletely trimmed smoked Yi Liang
duck were novel recovered to a ready-to-eat Lanna food product called Yi Liang duck Nam Prik Ong. The
aims of this research were to investigate a sterilisation process of Yi Liang duck Nam Prik Ong and to
evaluate a shelf life of Yi Liang duck Nam Prik Ong packaged in retort pouch using the accelerated shelf life
testing method. The product was sterilised at 115 degree Celsius for 5, 10 and 15 minutes. The F zero values
of each sterilisation time (5, 10 and 15 minutes) were 4 minutes, 8 minutes and 10 minutes, respectively. The
shelf life evaluation of Yi Liang duck Nam Prik Ong packaged in retort pouch at 30 degree Celsius was 65
days. The pH values and sensory acceptance scores of all sterilised products were decreased after two
months of storage. However, the number of colonies was less than 100 CFU/gram for total aerobic microbial
count of all products. This is in accordance with a notification of the Ministry of Public Health throughout a
storage time. This process can be applied as a guideline to process and evaluate other curry types

packaged in a retort pouch.

Keywords: Accelerated shelf life testing, F, value, sterilisation
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Figure 1. Preparation of Yi Liang duck Nam Prik Ong packed in retort pouch for F, evaluation A. Retort

pouch, B. Puncture position of retort pouch for thermocouple connection, C. Packing of Nam Prik

Ong, D. Thermocouple type T, E. Thermocouple position in retort basket, F. Retort

a

Wnau TnaAuaAERINNIINIa A UNT
(lethal rate: L) A9@xN197 118 T Aa qunging

al

Yaud1figaresarnislunisuzuesglussudn
AnsliANSa Tuniae AN maLTag (Holdsworth
and Simpson, 2016) NaaNU89AN L lulAazda
qrunHAzilINIAINIAN Fy 99909509 UN19
mwn@ (@unn57 2) FaeAanasszanniAud
ZQL‘M@EINWN‘M?;I] (trapezoidal method) a1nngIN
2TN419UUNHATLLIAN e tie 499pa1u9in
ga90a1lunszuaunislimoinfaunioauni
(Tiensanguankul and Limpatanachot, 2000) Lﬁlﬂmu
nariiuALAn Az nanguunfasauis
40 C malwaan 5 wii udailssifivangniaiu
Snesialil

ﬂe‘
A
N

(1)

_ L) + (Lt A+ +L))
0o 2

)

nsusziluargnisiiudneind ndmsiinnin
' [ = = -] g aa 1
220l ABIUALIUTT909TNasNIAEIENITL5
AUUDNANE
UnanAusiuInIndanamanuseq
geInasfsunsRm@eusa WusnuNgungd 45
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uaT 55 C anuugusiaatnan 7 du ilusrazionn
56 11 (Apirattananusorn and Chinabhark, 2013)
e INNTmziRunINn1elsza AN da 1Al
) o o o v ¥ °
wazdanan druiuin i udeyalunisaiuon
BYNINALINENAR U]
AMNINNNLAN
WFnet1ninsednd waeaussqne

INAFNNNIUNIA LN ARNANNLTLNTA-AINY Finsl

iFsasiaAnAnIlunga-Fng (Samdaeng et al.,, 2015)
AN SEAMANIE
ﬁwﬁq@fjwﬁﬁw?ﬂd@uﬂmﬁymﬁmmm‘
qﬁm‘fmﬁthumilﬁué”nmmﬂizLﬁum\‘iﬂi:mw
FudasaeaninnsldAzuuuANTaLLLL 9 - point
Hedonic scale Ingdszidiuaqnureuingsanaes
NARA U (FALUa9a1nas ASTM International,
2005) M dmanauiouua s1uau 10 au taendug
ﬁﬁmmé’umﬂﬁu AR INNARNAITLATH Y
nsEnduNnian
AMNNNITINN
ﬁwﬁq@ﬂwﬁww?nféﬂuﬂm'fgmammifi

a

QIINBMNAENUNITA LN BN AT TN

AUNITAL8ITN19TUATUIURAUNTERINUA

q

(total plate count) (Maturin and Peeler, 2001)
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Tung et al., 2001)

0
Q, ==L~ uwar Q,=Q, ()
6
s(T+10)
At 0
Q=g )
S(T+AT)
Where; 6, = 1gnaiusnETgNH T (41)
By = BIENAALINENRMYE T+10

(3)

Q,,and Q= AMNANNUTUBITATINTLA A
ﬂ,ﬁﬁ?‘mﬁ'fqmugﬁ T+10 Ua%
T+1°C

= mmumnﬁiwmmmuqﬁﬁ
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193RIz A LY TU 991 (analysis of variance,
ANOVA) AL U AN LAN AT 89A L0 R
Aq838 Duncan’s multiple range test (DMRT) fiszs
ANLER3TY 95 %

NAaN1TNn mamuazf‘imecﬁ

N19U1AT F, ‘llﬂ\iﬁ"lw?:‘ﬂdﬂufﬂﬂélmﬁﬂdu%‘%"iq\i
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arndayaguugiiuazinatiannn iy
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Figure 2. Lethality values of Yi Liang duck Nam Prik Ong packaged in retort pouch sterilised at 115 C

using different times
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mm?ﬂammnmﬁﬂummmﬂmaﬁwm@ﬁmm?mg
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2000) 42AARBINLANUIA U8 Tasaudom et al.
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and Tantakasem (2011) ‘wwufm m@mnmmmwm
NTINNHANNTE qu‘wmmﬂwq‘wamunum
(uiifin) fazuuuaiureulagsauunnIn iy
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Table 1. Qualities of Yi Liang duck Nam Prik Ong packed in retort pouch during storage at 45 ‘C

Shelf Product qualities
life pH value Sensory evaluation Total plate count (CFU/gram)
(days) 5 min 10 min 15 min 5 min 10 min 15 min 5 min 10 min 15 min

0 5214014 531+£013° 529+026" 7.03+067° 670+1.068° 720+091" <100 <100 <100
7 526+0.02° 530+0.02° 530+003° 670+095" 660+0.84° 670+082° <100 <100 <100
14 523+001° 521+£002° 523+001" 680+092° 6.70+082° 660+097° <100 <100 <100
21 519+001° 528+001° 518+002° 670+0.95" 6.30+0.82° 640+0.84° <100 <100 <100
28 503+0.02° 506+001° 506+001" 6.70+095° 650+0.85° 650+1.08" <100 <100 <100
35 488+003" 513+003 511+001° 650+097° 660+052° 660+070° <100 <100 <100
42 483+005 510+0.06° 5.05+004° 550+1.08° 6.10+0.88° 590+074° <100 <100 <100
49 480+0.00° 4.89+001° 4.90+008 550+050° 550+0.85° 550+1.18" <100 <100 <100

56 480+0.02° 479+0.04" 477+0.01" 470+095° 4.80+1.03° 4.60+0.96" <100 <100 <100

Average * standard deviation with different letters in each column of each quality is significantly different

(P < 0.05); ns means are not significantly different at P = 0.05

Table 2. Qualities of Yi Liang duck Nam Prik Ong packed in retort pouch during storage at 55 ‘C

Shelf Product qualities
life pH value Sensory evaluation Total plate count (CFU/gram)
(days) 5 min 10 min 15 min 5 min 10 min 15 min 5 min 10 min 15 min

0 521+0.14" 531+0.13" 529+0.26" 7.03+0.67" 6.70+1.06° 7.20£091" <100 <100 <100
7 5.19+0.02° 5.34+0.04° 524+0.01 690+0.87" 6.90+0.74" 6.70+1.16" <100 <100 <100
14 516+0.03 522+0.01° 518+0.03" 6.80+0.84" 6.70+0.74" 6.60+0.67" <100 <100 <100
21 521+ 0.02° 517+0.02° 522+0.03° 6.70+0.88° 6.70+£0.68" 660+ 1.16™ <100 <100 <100
28 4.89+0.04" 597+0.02" 4.91+0.07" 6.60+1.07" 6.60+0.84" 660+097° <100 <100 <100
35  4.96+0.06" 505+0.01° 4.93+0.03" 6.50+0.85° 6.50+0.97" 650+097° <100 <100 <100
42 484 +0.02° 4.84+0.02" 488+0.08" 6.40+1.07" 6.20+1.03" 6.10+0.99" <100 <100 <100
49  482+0.01" 4.83+0.01"4.81+0.02" 340+1.50" 3.70+1.95° 430+177° <100 <100 <100

56  4.65+0.05° 4.67 +0.03" 4.60+0.02™ ND ND ND <100 <100 <100

Average + standard deviation with different letters in each column of each quality is significantly different

(P < 0.05); ns means is not significantly different at P = 0.05; ND means is not determined
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