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Economic Worthiness of Stingless Bee Farm in a Good Ecosystem
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(Received: 4 December 2023; Accepted: 24 May 2024)

Abstract: Stingless bee farming is found in orchard farms, mixed farming systems, rubber plantations, and
agroforestry. The purpose of this study was to explore the socioeconomics opportunities and the ecological
suitability of stingless bee farming in 9 provinces. Data were collected through purposive sampling of
12 stingless bee farms using questionnaires. The data analysis utilized the cost-benefit analysis (CBA)
method, which included present value (PV), net present value (NPV), internal rate of return (IRR), benefit-
cost ratio (B/C ratio) and payback period. The results showed that the cost of stingless bee farming over
5 years resulted in an NPV of 163,125.88 THB. The IRR of 24.90 % exceeded the discount rate, and the B/C
ratio was 2.11 indicating its investment worthiness. The payback period was 3 years 1 month. Therefore,

stingless bee farming could potentially develop into a career in chemical-free areas.

Keywords: Net present value, internal rate of return, benefit-cost ratio, payback period

367
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



M5A19NAT 40(3): 367- 375 (2567)

. S & v & A & A =
unAnga: Naastulsony lunuiaiuldua AuNnEAINANNANY @2UE19NTT LL@”WHVI’J‘L&LH‘HM? N17ANIHI
o Ao

ATNUNIR) ﬂﬁ‘y@\‘iﬂL‘W’ﬂﬁm:f’ﬂ'ﬂﬂﬁ@ﬂ’]\iLﬂ?‘l&fﬁﬂ@@\‘iﬂwLL'Z\J“’?J].I‘LINL']FW]LMN’]vﬁﬁJﬂI@\‘iﬂ’]i‘L@ﬂ\‘muTN 119 4aanin

o <

mmimw@mimhLLumumwmmuLmy@ﬂun@mLm:rmﬂ:mLaﬂwu‘mﬂ@mmfﬂmqmmu 12 918 N3
Annzidaya 143NN siFuU-nana Ly dulsenauan n1sanssiyaniiaqiii yasnlaqiiugns
SR NaRaLUNLNTE U SRIAIULARBLILNUEIRFAUWNUY STEZAIAUNL HANNTANEINLIIN FuYUNI9ALdulss
Tuszeznaniaaes 5 U layarnilaqiiugriaesuanauunuyingy 163,125.88 U ladnsuanauununigly
foany 24.90 TNINNINERAAAA UAZERINEIUNARDLINUARFUNWMIANY 2.11 uanlfifiufaniadesdulss
HANANATIAzA U PNz zINAN AW UIeIN siaedWlsawinty 3 T 1 ke Anil nadesdulaginiem
o = v 1 a o Aﬂ!’ Adlldl =

Wamduenanldadaldnaninlunuinlsenaisiei

o

AdnATY: YarTaqiiugns dnsnanauwnunelu dnsdiunanoLUNUARFAWYL sEZIA AW

AU ”mmﬁmﬂ?mwmm HATINAINI9E144nd
whiledndite 2 Wi 34mmmmq‘ﬁmmmammwmm

Fulzeviaiiean (stingless bee) iuunas  ilvanewin Sefpainnazuaunselnmessnmnd
AIANTUIALAN ﬁ‘wqﬁmwLﬁuﬁﬁmmmﬂmﬂiﬁ imﬂﬁ%ﬁmmmﬁmmﬂﬁuﬁ:’mmﬁmm@ﬂiﬁﬁLﬂu

LAvAYaRaNasTaiein i Tue v st WA AR LWAYAYNT (Isaranews, 2023) uBunnaesinia
amat e Apidae RIS WALANFNANNES Fulsafildsiafaastioandnidefaniuierinay
fdulselaiflndnly (Sawatthum, 2013) et e mnsnrdmiiieldamnmgs Taantsuanidy
wuaaadulss Taun %u‘llmisiﬁwqﬁmwﬁﬁq WAY nsdandesiadulasly 2-3 5 Fulserneunanings
Tdmevenandrass A5ainnsduldlnandnay 1@91/13’15\1@\1@&1 1 anAs Weiensuansaiui i
winuegIng o AU anisauaninasivaldaened @uj fuduetnedlfhie 5-15 N/ daurlefialle
Use@nsninunn fulsaifideliidenseuainay 1189 0.5-1.5 NN./59 mmmu‘lﬁimmqmwm%a & 7
panlsfuazinasA g naauaslGoe d ﬁ‘wqﬁﬂﬁu 2 u/Aadans Audauiiniatulsansndudnad
geuifivinasasinlmifianisuaninasanysnilamiuy ARl 3 UAiaAARe (MGR, 2022) i
atinad ansnifLTnuanuldannnesaslssing I '17{@%4: ARAMABNNLNNUIA DY Suksard and Srithong (2017)
‘Lui”mﬁ‘ﬁ'mﬁu ﬁmﬂﬁlﬁuﬂmdmmqmummmﬁm Annsneiniedulsedaulunjussqluzaamdninia
au 7 dulsaarnnsnnliinng BELAZIENEYIE 2R 750 NAAARS m"mslm&iQ’L?;ﬂﬁu‘lli\uﬂué'ﬁmum
s ald saurtannsuansadalld anuady ANNETUT51ANINE 350-2,000 L (180-750
Fufaudnsae (The Fifth Operations Coordination Laaang) Lmzﬁuﬁamm 2,000 UW/nN. aziiiulagn
Center, 2019) ufl 2565 inumsnsdiRevienadszma  dulsalirieiilassnaniilss Tunsiasanie
35,405 A @%"'Nm@mﬁmﬁwﬁ?\aﬁm%ﬂw@mwLﬂmﬁﬁ@ R (P AT R P LR IR EN PRI R Tl
AnuaunmAa uselavyuiauliuninsansngd Ynfeiilaesming 1,500 L/NN. (Agrinewsthai.com,
2,000 ANULN "Lmqm@m@mum@u‘] LL@:.,BJZ\]G]I]MGVI 2022) Fadadufluiiiefisn Aunandning s 7l
utlegl FananAnanieresnefizingg- mmnuu Lﬁmmmﬁﬂﬁﬁuimﬁ@mmmqimmma@;qndﬁ
Lﬂum@m@mm%mnmwuﬁq Nﬂ?mmmm@mmmqq (Saovakhon, 2019) mezwqﬁﬂijm'mﬁummi

Wudusy 2 aasand@e wasiiludusun 36 aaslan 989711999 L ALLNATNINNINALUININ WA NN 114
(Doaenews, 2022) AnsANH Uz id e NeTulss fm9nFaaay 80:20 (Chuttong, 2016)
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. o o 44
n1sasadulsaduendnniaenuilan
awnsnaienalaliinensnsndnasgnivg liua
o no A 2 . v e e oa o
wals Nannisndeedulss ey fouiungiAsmgall
Talunaa wenzdulsadudqaunsnssanainasie
i Tinanan LN Az AN WA TuuEms
ann7 b el nansinsEms (Technologychaoban.
com, 2023) NAtydulssazatsanlitiansiaanis-
ANNUIARANNUADAANNANTARTUAINE NTLALI R
TR L AN NN HATULLINANENAT LAY
dudaadnaondudunaedls guanvzanunning
A = o ade a ~
Wedulsaasnang s iadnse UL ARuNizan
WA LHasa nnNITastuisaiufasanAamannu-
PANNUAENNTAINTNIBINTRNNNIA L A9 9N1ARE)
Qy d”i a o =8 a
TutAdnnUsrasAlunisAnsianianiaiAssgna
TUTULAZIZ IR ANz AN BN 1AETUTs
LW@meﬂmuummwmumm\ummm‘lumi-
mwumm-ﬁu‘ﬁia LL@wi’aﬂ’]ﬂiuﬂﬂi‘LﬂuMQﬂl')Eﬁlﬂmiﬂﬂ
Fruntsduldasneitssdnanam sauianisudung
FAN137UUTI ANz AN ATUINA 1N s0AEe LA

L4 aa
AUnsaluazIang

NSAULUIAANISIAE Aa N1FLaeTulsely

[ 1
=

Wuﬁrﬁ’fmﬂmﬂmrmﬂﬂ%ﬂwmmunﬂ%mewmmi
Ugniteluutlas sildadeszuunafivunzay 69
anansnafrslenialunsasuassdulasldedned
Use@nann

ANNAFIUNITANE FE RSN STNe9I
Ifamm‘Lumimwmﬂé’Luwuwﬂmmmmu @130
fansnmsassdulse iesannnisideguadng
ﬁunwﬁ"wLL@:‘lﬁmmmmuﬁﬁmm

RuAAnw useanidu 5 N1 S1uau 9
Faudm lawn 1) aawile aidaelud 2) nAAnana
ALAYNIAIATIN A.91T17F 3) N1AATIUABN A.928BN
A.4UNYT 26310 4) A1ARzTusenBuvuile A,
UATIVIAN UAZ 5) MATH A.g3N5 A.653 (Table 1)
UszrnsuazngunatneiildlumsAnn

dszansldlunnsfnen Aa nquinsAININLALg
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Fulasluinuh 9 Aamdnauau 12 ngu Tellanndniauun
450 318 uazvinnafiudayaanngusiaat 19l un
AnEnauu 12 978 Sadlusioumuaeausiazngy (Table 1)
Tnedanantis Ae INuRNITuaNNT nIasulas gy
wsangadavia vive Ailsvaunsnd@sedulaesinalas
3 Taull vige Agtlwnmhsuawanans 100 - 500 54 viga
= o a o 1 = [ e’ﬂl
fnmavngsnalunsulsgUusza widendunanineian
p I L =
1 felnednfnindesdulsdlunasasasliiiaonu-
wanF LA aTINA Wi Ao NuAnAN LA Ta g
4 D X A, et X oo oA o
mnulusasiun Naa i ulisaNaTR Annn
~ P e ) HE- v = o
AuAnF9T wis1ANtE et lse InA LA e Uszanoy
1,000 - 1,500 Lawnn. i Wnasiudesaludnulania
nganaasiiAn-usns1iulu B uneesium Anii
Avaenldfaunureinguiamnagugu 1 9e ey
FauaasanEnnauinulununAnen

tAasdan lElunisAne nnsdanmnisal
uaziiudeyamaanisduniealinemsng
nsiiusausantaya

dayalgundl (primary data) Tneinasld
wudunmal ietinlihifufayangusaatnelu
WURANINEATNS AMUyaAINIGATH RS szLTiA
4 X . o =
Amnnzanluninageduls uazsglaniinannnng
IBLAR DU ]

‘uau'swnmmu (seoondary data) Tmﬂmim‘u
Uty A AT IAe Ul anuwaiTenans
MATIMIFIng 7 e neud NN emg iy
N153LASIZUTBYA

1) AUNY HARBUWNY Usznaudas i
- e A d oy va
Ruan warliidutuas weliinemnsnslanansan
FRAWIATUNNIAMU NFTATITFIUY WUAT AR LILNY
(cost-benefit analysis: CBA) 81989210 (Mingmaninakin,
2007) AYANNT97 1 TABN1TILATIEHHUNUIIN A
v o v d‘

UYWL T+ AUYUAIN

sruvuduuls Tiun Aniug Auss uazAndalania
VBIRUAIYU

v all 2 1 1 [ s dﬁl 1 al
funuasi loun A3 gilnsainnsiaes wazdde
Tannare9kuadyu

HARLUNY = 31816 - Funuss (@1N199 1)
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Table 1. Samples’ community enterprise of stingless bee

Community enterprise Member
(person)

Doi Lang stingless bee bank, Chiang Mai province 7
Ban Chang Pian community enterprise, Chiang Mai province 20
Total northern 27
Native honeybee and pollinator center, Ratchaburi province 200
Stingless bee farm, Samut Songkhram province 2
Total central 202

Ban Thap Ma community enterprise of stingless bee, Rayong province 48
Ban Bang Sa Kaeo community enterprise of stingless bee, Chanthaburi province 20
Farmer group of stingless bee, Trad province 42
Ban Tung Tarad large scale farming of stingless bee, Chanthaburi province 20
Total eastern 130

Farmer group of stingless bee, Nakhon Ratchasima province 2
Pakchong Khoa Yai avocado club, Nakhon Ratchasima province 66
Total northeastern 68

Lamae farmer group of stingless bee, Chumphon province 4
Sirichan farm of bee and stingless bee, Trang province 19
Total southern 23
Overall total 450

Note: 1 sample from 1 community enterprise that all 12 samples

2) uam{fq'wu (present value: PV) A9

HAAT T quwﬂ@\iLqmmquwu\m@”imﬂuammm

b

v

TeraadinsUiusiuuuananeuuuluusias D)
Tugiyadnfaqiiu (Supprasert and Kunsuwan,
2020) IneldemsnAnan (discount rate) LHWEMIN

panidaRuiaeesuIA1sianIsinERsLazannsnl

(8.n.4.) zﬁ’wa*u@uﬂﬁﬁmmu%uﬁ 1FWn LNHAINTUAY
1JAAA (minimum retail rate: I\/IRR) MRR 588182 6.975
(BAAC, 2023) Tmﬁlumumuuﬂi”mﬁﬂm@mmmmm
faeay 7 mumiﬂ@meﬂmmqmmumm £.0N.4.

m@uﬂ’]ﬁ“ﬂ 2
FV;
. T+t
e PV Ag 3aA1]aq1u (present value)

(A1N199 2)

FV Aa 1aA8UNAR (future value)

370

r = ARINANAA

t = flaaalnzannsfetlii 0, 1, 2, 3, 4, 5

3) yarA11aq1ugNs (net present value:
NPV) A8 HATINTRIYAATNANBLLNUANT LD
‘Emamaiﬁiﬁé”uﬁwmLfamlﬁl,ﬂumﬂﬂfﬂﬁuuzﬁ”a Tng
AuaaneanauwnulunsAazd (present value
benefit: PVB) aum2efunun1suanlundasi
(present value cost: PVC) HaaNS LiNA170uN 805U
TasenasfinnsArunnsaenu deeildn NPV fld
17NN 0 waradn :eliunnnanseane (Jareonvong
et al., 2022) Faduneh 3

Net present value =

Yo PVB, — Y, PVC, (aunn3h 3)

T B, = yaA nasauunuluili t



ANNANANELATHAATRIMsAnstulsdlussuulAiuanzan

C, = waresdunuluili ¢

r A 8hsAnan

4) aRsIHaRauLNUAely (internal rate
of return: IRR) A® a"mw@rfvaULLmuﬁﬁﬂﬁH@m
laqiigesnszudduaniugnawiniuyaridaqi
PAINITUARUANANUANT UTD FATINAADLUNY
ﬂ’]ﬂlu?{v‘fﬂﬁaﬂ@mﬁmﬁummm@m@mmuzw%ﬁm
WiNAY 0 (Choowan, 2020) Fagunei 4

n (Bt_ct)
t=0 (1+IRR)t

=0 (AaNn199 4)

Tal B, = yarnanauwnului t

C, = yaAnesuyuluili t

r=8nsARAR

t= Hoeslasensmel®n 0,1, 2,3, 4,5

5) ARSIHIUNAADULNUADAUY U
(benefit-cost ratio: B/C ratio) A9 SM3147U

a ! ' s v a o

wWraniiauszudneyarnfaqiinaesseld Weudy
AntTaqiiuredsudunaene1g1edlasang-
waninauaunisiatsnazidanaululasansn
AR9IdIuTeINanaLLNUAaAl ldIENINNIT 1
= = 2 1y \ . A a
Fernna Tasanaiuiisglduinndnmeansiledn
anndunduyaddaqiiudeudnsifnani
WMuNZAN (Chaipiboon, 2016) AIENNIT 5

n B¢

t=0(147)t
Ct

t=0(14+1)t

B/C ratio = (@xn13T 5)
Toes B = H@ﬁw@mammuluﬂﬁ 0,1,2,..,1
C, = yarweaiunuluili 0, 1,2, 3,4, 5
r = 8MIAAAA
t = laaslasennsdelldi 0,1, 2,3, 4, 5
n = 81g193lA39N19 5 1
6) S2ELIATAUNY (payback period) Ae
3281019892 UAAIUAATUT AN AT 1A lE 5L T
@mﬂmmqﬁuﬁumnuﬁ"uLLaﬂmmeqma‘W@ﬁ
(Pipatanasern, 2006) Fasunn9T 6
STHLRAUNUY =

qisi e sused] (ANN"97 6)

Runuiasuisnen/uatlssTamd
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1. Aoy amsmmmuTewmnammunww%u
Lm:rmsﬂiammwTN’Luwwmmmﬂmi
Aunrwnfanuau 12 au udunuaengy dnaeg
Waeatulsaeas 305 59 Nusraunisallunigiass
wae 13.5 1 #AuseanuluasaFeauildlunisias
FT991208 2 AWATIITAU LAAIDN ANTNANNITDLAE
tsraunisairesnirFauluninasadulsesgninu
o =y U o A
dungiiluscazinatuanad ldussanuluaiazau
lunisiaelaataiasna waznisnszanadesya
119419 nstnaneaanilunisaesliunasundn
Aﬂl U YR v a v ‘ﬂsj
Auan ) Twaandnaldng 450 au ldiTauinasiaeg
lunguignunavsanguinenang wunisdosniu
it sousivdaasugAifynynnsiaaslinseg
sondauangudaviagnaulfduunaeGeud
1) 1 ugouEsauns nafuiauazdulsg o.Uvmasy
q.659 2) ﬂ@iwﬁm%’u‘m B.AZUN A.INNT 3) BUNANT
Ful3anaeatd a.uKa1e A Taelud way 4) nax
Fanunaguaui U Y A.UINAY 8. dURILNG
=~ Al \ vo wal ~ v
A aeslud Narntsnnnanenluiugnawlanazidn
wgeuflinudseanauinluld dnwmzniaaeg
v o A & 4 vy e 2
Fulsannu lununasuualy 1wy anle aua w1y axle
AR WUTLNEATHANNANY TUAIUININITT WATNLA
&4 d P A
unNHATLILALIGY Tan1siReniuiiagsiasinges
L@m@ﬂiummﬂu wsalAsuld § mmmum 1M
faﬂiﬂ@ﬂmmmmmﬂmm mummm@mm
LLumﬁm?wmmmmwu‘tiqm& CTRTEIKEEY A9an
Anun Aarin Aqwian ue
2. AUNU NAABLUNUY netasadulse
AuNUNIAEdulsaAnAuINIzazIan Y
& A ! X A P P
naiaen 5 1 iasannasaidasiang s 5 1 inee
saagnatsuan Taudu an vinliiAaAdsie
 de A o 4 L .
UNGIUNABIN NI TaN TN 1TaLlasunaadas lud
matdeedulsedl Sy uEanen 131,675 U sznavisae
sy ulssan 38,333.33 LW anARLENABIAEN
Fulag AN UAITNTIN 93,342.67 LM
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AN ANABIWUgTulsg 51,425 un Argunsainng
e 41,916.67 U seldRldFunnludd 1-5
WAL 20,000, 40,000, 80,000, 100,000 WAy
160,000 U AaSU TnewuseldRiinannns-
Saminetinia 19,7118.75, 39,437.50, 78,875,
98,593.75 uar 157,750 U wazaininalnaa
(propolis) 281.25, 562.50, 1,125, 1,406.25 Way
2,250 U ANFEL e AnuansalsTiRnT wudn
7 1- 5 #if'ls 16,400 36,400 76,400 96,400 uaY
156,400 L ANNANAL (Table 2)

Table 2. Cost and benefit in 5 years

3. 4aATAqUUFNTURINAABLUNY (net present
value: NPV)

yardaqiugnirednanauuny tae
AuAniaInEanaUwnwluLaazl (present value
benefit: PVB) aum28funun1suanluniasi
(present value cost: PVC)

YAaANTAaqUUgNTIRINANDUUNY
309,571.48 - 146,445.60 = 163,125.88 U (Table
3) wanaliiiiune yaATaqiiugninanauuLNuLes
naReedulseiniL 163,125.88 L %qﬁﬁﬂwm

List Year O Year 1 Year 2 Year 3 Year 4 Year 5

Variable cost (THB)
Stingless bee (THB) 38,333.33
Household labor in

taking care (THB) 3,600.00 3,600.00 3,600.00 3,600.00 3,600.00
Fixed cost (THB)
Stingless bee box (THB) ~ 51,425.00
Equipment (THB) 41,916.67
Total cost (THB) 131,675.00  3,600.00 3,600.00 3,600.00 3,600.00 3,600.00
Honey bee (THB) 19,718.75 39,437.50  78,875.00  98,593.75  157,750.00
Propolis (THB) 281.25 562.50 1,125.00 1,406.25 2,250.00
Income (THB) 0 20,000.00  40,000.00  80,000.00  100,000.00  160,000.00
Profit (THB) -131,675.00 16,400.00  36,400.00 76,400.00  96,400.00  156,400.000

Table 3. Net present value in 5 years

Year Total cost Present value cost Total benefit Present value benefit ~ Net present value
(THB) (THB) (THB) (THB) (THB)

0 131,675.00 131,675.00 - -131,675.00

1 3,600.00 3,365.27 20,000.00 18,695.96 15,330.68

2 3,600.00 3,145.85 40,000.00 34,953.88 31,808.03

3 3,600.00 2,940.73 80,000.00 65,349.63 62,408.89

4 3,600.00 2,748.99 100,000.00 76,360.86 73,611.87

5 3,600.00 2,569.75 160,000.00 114,211.15 111,641.40
Total  149,675.00 146,445.60 400,000.00 309,571.48 163,125.88
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nsideefulsaminiy 163,125.88 Um %\‘Iﬁﬁﬂyj@ﬁ’]
faqiiugnsidunanusaninndngue uanadanng
Lgﬂﬁu‘mﬁmwﬁum%mmu
4. 9 NAABAULNUNETY (internal rate of
return IRR)
IRR =24.90

fmIuanaUwnLnele AAwiniusesas
24.90 @4A IRR HAINANNIERIIARGA UAAIAS
ANNANANTWNNIAYY
5. ARTIAIUNAADUUNUADAUYY (benefit-cost
ratio: B/C ratio)

B,
5
= 0(1+r)t 309,571.48
B/C ratio _Z .~ 14644560 =211
=0(1+7r)t

dnsndaunaneuunusefunuilaiiiy
2.11 mmmammmummauLmummuwmmmm
1 uaneinnnageiulsediauduiiazamu
6. izﬂzmmﬁuvgu (payback period) SLLLNAAY
quaesmsdedulsainiu 3T 1 ieu

a L3
19U

VX . =

wneAsnsaaedulsadonluginau-
awnsnuazilszaunisnflunisiass Anisldusseu
lundaGaulunisassliatnaiiaasne Angeungu
AN aNITaNTTAnedeyat19419 N19-
: X ey e
dnaneaaduilunisiaesiuiananauau 7 Tu
29nd19 sandsunenguiauiaguauliduunas
a v U Y o ol/ v
Fauf Ansaremenainuiliiudsyarauialils
. X oo d X v
anrznisiaesdulsannuluinungounald
N &
anle AuA Wiz azloanln usu NuineesnaiNany
AVUBNNITT WATAUTAIUINEATUUNUAES TIN9-
Y - ¥ = 2 ! & P
Wwanfiuiaesdulsesaaiinisfdinaaaiassag lud
sufin wraldsnld Junasiazenn aanndaaiy

Jareonsook et al. (2022) naesiaesdulsapasag Ing

ALLUNAIDINIT WUI1RNUIBANTRI N TR UTNAN
=d| 1 A 1 A o
galudesinon nw.-w.a. wiluasuifuinanan
Mdueunsresiialanasniieil (Maksong, 2016)
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mﬁé'a‘Wj”\imeﬁmﬁmﬁﬁw?ﬁuim S IR
Aqan fnun Aarin Awian ue Wk & ANUAUNUNIG
R eedulsaRnAuInsTaznan N n A 5 1 4R
114911495 (NPV) 299Hanauuniivini 163,125.88
v waasliiudanisaasdiulsslanuduainay
AINY UATANUAYUAIEERTIHARa LW UNTE U
(IRR) HAwinfusasiay 24.90 $9A1 IRR HANNINNIN
ARNIVARAR Lm”'é’mmzhummuLmuﬁi@ﬁumu (B/C
ratio) mfmu 2.11 mumfamwmum@mmmum
muwuwmnﬂfm 1 suaszay Lqmﬂumummmmm
Fulsavindy 3 9 1 heu aanAR0IRY Makboon
(2017) Ainugsunulunisaesdulsenindn 500
UN/59 NINLNANART LN HeTWIsa a1unsanile
naganweniafulsaudnacinatias 1 1 aaunsauiy
Ynilafulsals 313,600 Raaams wasduilala 92 nn.
. 2 .
AL lareasnemanglunisaeedulse (Suksard
and Srithong, 2017) Aa WL NANLNETNT N13-
- o q v = | \ % =
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RipstO mﬂmmummmmﬂumum mwr&mm
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maﬁmﬁiﬂ@mu@uq Lmeqaui"n‘Luﬂwm@mmum
Aaedulae Arsidenaniuiideivnazanauas
BVUNTEITNTRLNEIAND mm@\mmu‘iimm@qiw
1 [~3 A E2 v 1l ] Y o 1
fuifiu vzaldsuld luflanTnen Aaseglndiuunas
219119 Taun gaunaly aqunenld tialdeanun
% U d' o o dill dl £ =
umanulddng uazfdrAyunsesdaanansnl
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- = = £ A o v o
NIABNANBITNNTING1N1TnaT1997 8 LA 19
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dulsesandunisdgnivs Tdua Walsle wenzduls
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a9 naliifnsaldliiumnening et1elsfiniu
X oo a oA L o
nsiaedulss fasiunasannisnaaniad winiu
dld va ZI/ a S A
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4 gwa o oo d S
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Abstract: The objectives of this study were to study 1) the behavior of usage pesticide of vegetable growers
in Mueang Mo subdistrict, Mueang district, Phrae province and 2) to analyze factors related to the pesticide
usage behavior of vegetable growers. A questionnaire was used to collect data from a population of 66
growers who were registered as members of the Vegetable Large Scale Agricultural Promotion System
Project Group Mueang Mo subdistrict. Data were analyzed by using percentage, mean, standard deviation
and multiple regression analysis. The results found that 51.5 percent of the growers were male, with
an average age of 61.2 years, and 56.1 percent completed primary education. They had an average annual
income of 87,118.18 baht. Growers had an average of 16.1 years of experience growing vegetables, with
83.3 percent preferring to grow leafy vegetables, 74.2 percent used personal funds, knowledge about
the use of pesticide was obtained through self-learning by 37.3 percent with a moderate level of knowledge
and understanding about pesticide use. From the analysis of factors related to correctly pesticide use
behavior. It was found that knowledge factors before and while using pesticides, and participation of growers
with the government were factors that significantly (P<0.05) affects the behavior of growers correctly using
pesticides. Therefore, knowledge about the proper use of pesticide should be provided to growers. So that

growers can use pesticides more accurately.

Keywords: Farmer’s knowledge, pesticide use behavior, vegetable growers
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Table 1. Socio-economic background and pesticide application of vegetable growers in Mueang Mo

subdistrict, Mueang district, Phrae province N=66
Characteristics % X SD

1.Gender

Male 51.5

Female 48.5
2.Age (year) 61.2 8.85
3. Education level

Primary school 56.1

High school 19.7

Higher than high school 24.2
4.Income (Baht/year) 87118.18 52.420
5.Vegetable cultivation experience (year) 16.1 1.4
6. Types of vegetables

Leafy vegetables 83.3

Flowering and fruit vegetables 16.7
7.Source of funds

Personal funds 74.2

Bank and cooperative loan 25.8
8. Sources of information about pesticides use
(multiple responses allowed) *

Government agencies 30.4

Private agencies 4.9

Neighbors 23.5

Family member 3.9

Self-learning 37.3

Table 2. Knowledge level on pesticides application of vegetable growers N=66

Knowledge level Number Percent
High (25-30) 6 9.1
Moderate (18-24) 47 71.2
Low (0-17) 13 19.7
Total 66 100

Mean=19.6, SD=3.36, min=12, max=28
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Table 3. Level of participation with the government sectors on reducing pesticides application of vegetable

growers N=66

Level of participation Number Percent
High (4.36-6.00) 55 83.3
Moderate (2.68-4.35) 121
Low (1.00-2.67) 3 4.5
Total 66 100

Mean=4.86, SD=0.96, min=1, max=6

Table 4. Level of correctly pesticide application behavior level in vegetable growers N=66
Accuracy pesticide use behavior level Number Percent
High (3.68-5) 43 65.2
Moderate (2.34-3.67) 21 31.8
Low (1-2.33) 2 3.0
Total 66 100

Mean=2.62, SD=0.55, min=1, max=5
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Table 5. Regression coefficient of independent variables related to the correctly pesticide application

behavior of vegetable growers

Variables Unstandardized t Sig.
coefficients: B

Constant 30.895 1.575 0.121
1.Age (year) -0.063 -0.308 0.759
2.Vegetable cultivation experience (year) 0.103 0.641 0.524
3. Knowledge before using pesticide 5.215 3.560 0.001**
4.Knowledge during using pesticide 2.945 2.350 0.022*
5.Knowledge after using pesticide 20834 1.635 0.107
6. Knowledge of pesticide impact 0.564 0.246 0.806
7. Participation with government sectors 0.724 3.007 0.004**
R =0.693 R’ = 0.481 SEE = 12.630 F=7.669 sig. of F = 0.000

* significantly different at P<0.05; ** significantly different at P<0.01
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Marketing Mix Factors Affecting Decisions on Bio-products (Microorganisms)

Purchasing of Rice Farmers in Wiang Sa District, Nan Province
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Abstract: The objectives of this study were to 1) explore some basic socioeconomic data about rice farmers
in Wiang Sa District, Nan Province, and 2) identify the marketing mix factors influencing farmers' decisions
to purchase bio-products (microorganisms). The sample group for the research consists of 400 rice farmers
interested in purchasing bio-products in Wiang Sa District, Nan Province. The employed research tool was
a questionnaire. Data were analyzed using descriptive statistics, including frequency, percentage, mean,
and standard deviation, as well as inferential statistics using multiple regression analysis, to test hypotheses.
The study found that slightly more than half of the farmers were female, with an average age of 58.68 years.
Most farmers had completed primary education, with an average annual income of 59,220.07 baht. They
had an experience average of 26.84 years in growing rice and an average rice planting area of 5.67 rai.
Farmers' overall opinions on the marketing mix factors were at a high level (mean = 3.94). When considering
individual aspects, all seven aspects, product, price, place, promotion, people, physical environment, and
process were rated at a high level. The study found that three variables, product, physical environment, and
place, significantly influenced the decision to purchase bio-products by farmers, at a statistical significance
level of P < 0.01.

Keywords: Marketing mix, technology acceptance, bio-products
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Table 1. The demographic data of rice farmers in Wiang Sa district, Nan province

Demographic data n % X S.D.

Gender

Male 193 48.25

Female 207 51.75
Education level

Less than primary school 5 1.25

Primary school 226 56.50

Junior high school 48 12.00

Senior high school/Vocational certificate 74 18.50

Diploma /High vocational certificate 13 3.25

Bachelor’s degree 34 8.50
Age (years) 58.68 10.05
Average income (baht/year) 59220.07 56689.92
Rice growing experience (years) 26.84 14.80
Rice planting area (rai) 5.67 2.98
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Table 2. The mean, standard deviation and ranking of marketing mix factors

Variable X S.D. Rank
Marketing mix 3.94 0.514 High
Product 4.06 0.502 High
Clear labeling with sufficient detailed information 417 0.694 High
Products certified by credible organizations 4.11 0.666 High
Product safety 4.10 0.697 High
Price 3.94 0.603 High
Clear and accurate price display 4.05 0.683 High
Price appropriate to the quality 3.98 0.699 High
Products available at various price levels 3.90 0.719 High
Place 3.94 0.656 High
Easy to purchase products 4.05 0.713 High
Multiple payment options available 4.02 0.716 High
Delivery coverage in all areas 4.00 0.774 High
Promotion 3.80 0.691 High
Distribution of product samples for trial use 3.92 0.850 High
Discounts and special offers 3.89 0.792 High
Advertising through various media such as Facebook and TikTok 3.85 0.872 High
People 3.94 0.620 High
Sellers are sincere to consumers, recommending products that truly meet 3.97 0.714 High
consumer needs
Sellers provide friendly, polite, and courteous service 3.96 0.672 High
Sellers offer attentive and understanding service 3.93 0.708 High
Physical Evidence 3.97 0.602 High
Products are organized in the store by categories, making it easy to choose 4.03 0.664 High
The store locations are clean 3.99 0.686 High
The store signage is easily visible, attractive, and appealing 3.98 0.681 High
Process 3.94 0.679 High
Ability of manufacturer to produce products to meet consumer demand 4.00 0.729 High
Fast and systematic delivery service to prevent shipping errors 3.96 0.745 High
Quick customer service for providing information or resolving issues 3.94 0.731 High
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Table 3. The marketing mix factors affecting decisions on bio-products purchasing of rice farmers in Wiang

Sa district, Nan province (model: stepwise)

Variable

B S.E. ﬁ t P- value  Tolerance VIF
Constant 0.923 0.149 6.214 0.000
Product (X,) 0.386 0.055 0.362 7.083 0.000* 0.426 2.345
Place (X,) 0.196 0.035 0.240 5.571 0.000* 0.601 1.664
Physical Evidence (X,) 0.226 0.043 0.254 5.208 0.000* 0.469 2.133
R=0.747 R?=0.558 SEE = 0.357 F =166.690 sig. of F = 0.000

* significantly different at P<0.01

agluazdiaiduanus

annNsAnETadagIulIvaNn19INIIRan
Pasnasianisindulagadiainet 1evnsmInsgign
19BN BIE9ET SIUTAUIU WUIT LNHATATINL
pTatandeatduinAngs Heniade 58.68 1
= | o = ] ¥ o
nisanmatlusyaulszandnun Tnafaneliieae

siatl 59,220.07 U Hilszaunisallunimvinunieas

D

26.84 T uazdnunlunisvnunieas 5.67 15 insmong
FAuAALFuNeaAUdauls2auN194N1TAAI A
lunnsonag luseAunn (Aaae 3.94) laavis 7
st HANAaWiulusefuNn oA AuaaRA T
o v o N o

(ARt 4.06) AMUAILIARDNNINNILNTIN (ANLRRE
3.97) A1131AN (ANLRAE 3.94) ANUTBINI9N1INR
[ (AN1RAE 3.94) AuULAAS (ANLRAY 3.94)
FNUNTZLIUNNT (ANLRAY 3.94) WAZAIUNNTEIULETN
ANTAANA (A1LRAE 3.80) AMNAAL NFANHIATIT
NU31 TR daul72aNN19N1TAANANEINARD
nsinAuladadiasuel adnelad1Aty (P <0.01)
AR FUHARA U AMUANTLENINILATN LAY
ANUTRININNITANNUNY MINATAY HUsznaunis
= , PR 1% o o an o
wranaaeuninaadesanisnirdayanladain
nasAnm lansununagngnienisnann ivaninli
v a a = a =

JuilnaiinAanuivanalanaziniaiaanlunig-
a Y a o e o s £ Ay

wanlduand sy Teldelduaunuy
fagilsznaunis Aa A2sRNIIWMUINARATWAT
FaTouat 39N DILIN1INABLANEIABAIINFARINNT

393

PAUNEAINT LALLaNIZ IUATUIINA A A U
ANTUANBLZNIINILAIN LAZAIUTBINIINT-
ANUUIY ATNAIAU ANUNAAS AT 11U AdsHT Ry
A NdaaussaziBeaieIne AUANNIATIIN
FusesannasAnefiudede dudatasnaiaenns
finnsimunse@nsninaesdasusiadseliies
uazldpoudA iy Anudaendaaasdaiued
AAUANHUZNN LA 111 dDUTITASTLNE
ﬁmﬁmwauﬁhLﬂuumwgdwmmiﬁ@ﬂéﬁ”a
flaauarenn ffheuensaazidaafidaiawidnla
i1t LAYAUTEINIINNITARMNg AdIvTlddNe
fl0an1an1391 92 FuRannuategeanig @1unsn
nazanedudnlnsangumnsavda iesuanea
araanluninensns d1nsuid i daiaiusie
WigauiiAgades nindesnisdaasunisld
wAR st asuusi AR T R anw
WasHARdeReld wavauisavndelddng ¥inly
NEATAINITINDINART U Tasfual d1n19n
thunld luntasldetramunsan iedaatdesiouy
pouANARINT Tud9 RAnMsaenenalU TuiAnI
ﬁgﬂﬁmumﬁﬂizaw’%mw

AnanssuilsznA
2W0IBLANNEAINT NGNLLIAIMn 110 e

RENAT ATALNU LaANINUNEATELNBITENEA
nganipnuaiasiieyalunsaduniman



M5A9NAT 40(3): 387- 394 (2567)

LANAITD9DY

Cochran, W.G. 1977. Sampling Techniques. 3
ed. John Wiley & Sons, New York. 422 p.
2015.

(online) . Available:

Department of Agricultural Extension.
Trichoderma spp..
https://esc.doae.go.th/Trichoderma spp./
(May 31, 2024). (in Thai)

of Agricultural 2021.

Methods for Pest Control

Department Extension.

Biological in
Agriculture. Bureau of Technology Transfer
Development Press, Bangkok. 28 p. (in Thai)
2022.

Microbial Agents (Biopesticide) for Pest

Department of Agricultural Extension.
Control.
55(305): 6-7. (in Thai)

Governor's Office of Nan Province. 2019. Nan
Provincial Development Plan (2018 - 2022)
( online) .Available: http://www.nan.go.th/
upload/1614140619.pdf (Feb 20, 2024).
(in Thai)

Naporn, S. and U. Boontue.

Journal of Agricultural Extension

2022.
affecting decision to purchase fertilizers in
Sichon district Nakhon Si

Research report.

Factors

Thammarat
province. Faculty of

Business Administration, Ramkhamhaeng

University, Bangkok. 13 p. (in Thai)
Office of Agricultural Economics. 2023. Paddy rice
2023. ( Online)
https://farmerone.oae.go.th:5000/ (July 15,
2023). (in Thai)

Samerijai, C. and T. Wareewanich. 2008. Principle

for Available:

of Marketing. Se-Education  public

Company Limited, Bangkok. 241 p. (in
Thai)

Suwan, M. 2006. Research Methodology in Social
Sciences and Humanities. 2"%ed. Odeon
Store, Bangkok. 179 p. (in Thai)

Thungsakorn, C. and P. Charutawephonnukoon.
2020.

buy chemical fertilizer of rice farmers in

Factors affecting the decision to

Pathum Thani province. pp. 991-1002. In:
15" RSU National

Graduate Research Conference. Rangsit

Proceedings of

University, Pathum Thani. (in Thai)
Tiantad,

2017.

thuringiensis

.. A. Pongmee and N. Pinsri.

Application  Bacillus to
Control Rice Leaffolder, Cnaphalocrocis
medinalis Guenee. Research report. Plant
Protection Research and Development
Office, Bankok. 7 p. (in Thai)

Tittayawong, S. and J. Sansook. 2015. Factors
influencing the decisions in purchasing
agricultural  chemical products from
agricultural chemicals suppliers of rice
farmers in Suphanburi province. Journal
of Southern Technology 8(2): 63-70. (in
Thai)

Yamphan, P. 2016. Factors affecting purchase
decisions for Doi Kham Food Products
Company Limited processed fruits and

M.B.A. Independent Study.

Thammasat University, Bangkok. 94 p. (in

Thai)

vegetables.

394


https://esc.doae.go.th/

Genotypic Effects of Insulin-like Growth Factor Binding Protein 2 on Fat-free Lean
Traits in Crossbred between Duroc and Pietrain Pigs

answarasgluuviuvdugaulasinssunnieasiuunclilshiu 2 Aaanwusiila
a ' [ =
wastlsAanladulugnsgnuanssudnagsanuasiieinsy

Sombat Prasongsook', Catherine W. Emst’, Igseo Choi®, Nancy E. Raney’, Panwadee Sopannarath’,
Ronald O. Bates® and Sornthep Tumwasorn’
ANLB UszaeAga’, Catherine W. Emst?, Igseo Choi’, Nancy E. Raney’, W§5tuah taWTsusad’,
Ronald O. Bates’tlaz AFLNW 6NANA5"

7Department of Animal Science, Faculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand
'‘NIATTIFAILNG ALIKINBAT NVIINENRENHASAIART NFINNY 10900
ZDepartmem‘ of Animal Science, Michigan State University, East Lansing, Ml 48824, USA.
’Animal Parasitic Diseases Laboratory, ARS, USDA, Beltsville, MD 20705, USA.

*Corresponding author: Email: sornthep65@gmail.com
(Received: 2 January 2024; Accepted: 30 September 2024)

unAnda: dugauladinssunnimasludnslilsiu 2 (latieddd 2) dudniugundaninaseansozdAny
naAsgnalugns d1msunisdneniideyadnuuizilounsdsaainladuniengsing o w11 dAnwue
gniiusausanaIngnIldInauay 408 6o Inaiugnignuannianiand x inamsuwlugu F, anwueianm
dsznavusng UTnnnudausslsaainlediy wesidumisunslsaainladi feng 10, 13, 16, 19 waz 22
o - o o & & o = o - ~ A °
Aol uazdmnsniaiinaueallaunsismainladuainans 10 e 22 dilansfl ledleWda 2 a1unsnanuun
Iiu 3 alulnil 18un AA, AB uaz BB tneinatla PCR-RFLP ldidulnsifinainig Msp/ wuuun1satianld
A = o o & ' p Aa A P o & o Y a a ~
WaAnANgNRUsITudIlediendd 2 alulniuardneusiionnstsdAannlesiu Usznausisdvsnanai
199lagiendn 2 Alulnil uazina waz@vinaguasingunisaasn Asan AanguAtluNguNIsAAEA LAZA
dl tdl A = 1 = aa = LAk 9/ o '3 o o o 1

pIaLAARUTIMAS nanisAnsnudnladendi 2 Alulndldaouduiug (P<0.05) Auanwzawings Tasgns
7datulnil BB Aanwuziilauasisraannlasiuiiany 10, 13 uaz 16 dila1f unnndagnandalulni AB
TdumnsnsadrsdiludAynieadia (P>0.05) Mang 19 uay 22 el wananildanudngnsialulnil BB
o s & v L. . Y &
fulefifumiaunlsdannlasiuiaeng 13, 16, 19 uaz 22 dila nasnaudRIINIANTUTIDNLHE LAY
e laiuann 10 9 22 §Umn3f unnndn (P<0.05) taannnTsAnEiuanaliifiuaanuduiugaeslediond
# 2 alulnilduanwuranssnnmnisuan lugnagnuangu F, uazadsinisdnsiiaiislugnsiugaunasgns
eeauivanisvi ol ss Tamed

AdAty: letilendn 2 WausaslsAainlasdii gns

395
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.


mailto:sornthep65@gmail.com

M5A19NAT 40(3): 395- 403 (2567)

Abstract: Insulin-like growth factor binding protein 2 (IGFBP 2) was selected as a candidate gene for
economically important traits in pigs. For this study, 11 phenotypic data of fat-free lean at several ages were
collected from 408 live-F, pigs obtained from Duroc x Pietrain MSU resource population. The study traits
included fat-free lean, fat- free lean percent at ages 10, 13, 16, 19 and 22 weeks as well as fat-free lean gain
from 10 to 22 weeks. Three IGFBP 2 genotypes (AA, AB and BB) were determined using Msp/ PCR-RFLP.
The statistical model, which included the fixed effects of IGFBP 2 genotypes and sex, as well as the random
effects of the farrowing group, litter and finishing pen nested within the farrowing group and residual error,
was used to determine potential associations of the IGFBP 2 genotypes with fat-free lean traits. The results
indicated a significant effect (P<0.05) of the IGFBP 2 genotypes on these traits. Pigs with the BB genotype
had more favorable (P<0.05) fat-free lean at 10, 13 and 16 weeks of age than pigs with the AB genotype,
but there was non-significant effect (P>0.05) of the IGFBP 2 genotypes on fat-free lean at 19 and 22 weeks
of age. Furthermore, pigs with the BB genotype had most favorable (P<0.05) fat-free lean percent at 13, 16,
19 and 22 weeks of age as well as fat-free lean gain from 10 to 22 weeks. The results of this study indicated
associations between the IGFBP 2 genotypes and fat-free lean traits in F, crossbred pigs, and the validation

of these results in additional breeds and pig populations is warranted.

Keywords: IGFBP 2, fat-free lean, pig

Introduction measuring early in their life to accurately predict
those traits (Dekkers and Hospital, 2002).

The characteristics of the pig positively Therefore, MAS would aid in selection by
affect profitability include a high growth rate, a low allowing producers to reduce production cost and
feed conversion ratio, and leanness of the carcass. time. Candidate gene identification is one of the
Therefore, pig breeding programs have traditionally important procedures in the MAS program (Hayes
focused on growth rate and leanness as major and Goddard, 2003). Therefore, IGFBP 2 has been
objectives in selection (Chen et al., 2002; Hammond selected for further investigation into its potential.
and Leitch, 1998; Schinckel and de Lange, 1996). Insulin-like growth factor binding protein 2 (IGFBP
Today’s hog market is based on weight and percent 2) is a growth-associated gene that belongs to the
lean, thus pig producers who select or purchase IGF family. The IGFBP consists of six homologous

pigs that grow faster and have more efficient lean proteins (IGFBP 1 to IGFBP 6) with high binding

deposition will have higher-value return. However, affinity for IGF-1 and IGF-II (Baxter, 2000; Rechler,
simultaneous improvement in leanness and growth 1993).

rate is difficult to achieve because the genetic The function of IGFBPs included binding
correlation between the two traits is generally to IGF-1 and IGF-II as carriers, protecting the IGFs
unfavorable (Chen et al., 2002; McPhee et al., from proteolysis to prolong their half-life, delivering
1988). Marker assisted selection (MAS) might be them to their target tissue, and acting as modulators
a useful tool to improve selection efficiency for of IGFs availability and activity (Clemmons, 1998;

economically important traits in the pigs by Cohick, 1998; Hoeflich et al., 1999). The porcine
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on Fat-free Lean Traits in Crossbred between Duroc and Pietrain Pigs

IGFBP 2 gene contains 27 kb located on Chromosome
15 and contains four exons (Mote and Rothschild,
2006; Song et al., 1996; Wang et al., 2008). Previous
studies have considered IGFBP 2 as a candidate
gene for growth, carcass and body composition
traits in farm animals (Li et al., 2006; Pagan et al.,
2001).
IGFBP 2 gene in pigs (Mote and Rothschild, 2006;
Wang et al., 2007). Therefore, this study is aimed

However, few studies have reported the

to determine the association of IGFBP 2 gene
polymorphisms with production performance in

a Duroc x Pietrain F, pig population.

Materials and Methods

The Animal protocols were approved by
the Michigan State University Institutional Animal
Care and Use Committee (AUF#09/03-114-00).
The experimental animals were treated and kept in
accordance with accepted standards for the
humane treatment of animals.

1. Experimental population and management

The population in this study was
previously described by Prasongsook et al.
(2015). In brief, the pig population was closely
studied at Michigan State University. The founder
population consisted of Duroc sires and Pietrain
dams, known as the F, generation. The first
progeny (F,) were subsequently intercrossed to
produce the second progeny (F,). F, pigs were
designated for the experiment in finishing pens.
The feed was formulated to meet the nutritional
requirements of the National Research Council
(NRC, 1988) using commercial corn-soybean
diets provided ad libitum. Comprehensive
information on the development and husbandry
management of this population was previously

reported by Edwards et al. (2008).
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2. Phenotypic data collections
Eleven fat-free lean phenotypic traits from

408 live-F, pigs were analyzed for this study. Body
weight was measured at 10, 13, 16, 19 and 22
weeks of age, and, at the same time, the 10" rib
backfat thickness and 10" rib Longissimus muscle
area were estimated by B-mode ultrasound (Pie
Medical 200SLC, Classic Medical Supply, Inc.,
Tequesta, FL, USA.). Fat-free lean and fat-free lean
percentat 10, 13, 16, 19 and 22 weeks of age, and
fat-free lean gain from 10 to 22 weeks were
calculated from the equation according to the
National Pork Producers Council guidelines
(National Pork Producer Council [NPPC], 2000).
The equations are represented as follows:
Fat-freelean(lbs)

=[0.833 x sex of pig(barrow =1,gilt=2)]

— [16.498 x 10"rib backfat thickness, inches]

+[5.425 x 10" rib Longissimus muscle area,

inches?]
+ [0.291 x live weight, lbs]
- [0.534] (1)

Then convert pound of fat-free lean to

kilogram of fat-free lean by
Fat-free lean (kg)
= 0.454 x fat-free lean (Ibs)
Fat-free lean percent (%)
= {[fat-free lean (kg) / live weight (kg)] x 100}
0.74 (3)
Fat-free lean gain from 10 to 22 wk (g/day)

@

= [22 wk fat-free lean (g) — 10 wk fat-free lean (g)]
days from 10 to 22 wk (day) (4)
3. Genotypic data collections

The blood collection and polymerase chain
reaction (PCR) procedures followed the method
outlined in our previous study (Prasongsook et al.,
2015). Briefly, the PCR reaction targeted the IGFBP 2
intron 2 region to amplify a 245 bp fragment of the
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porcine IGFBP 2 gene (GenBank Accession No.
BV727778). The PCR mixtures and conditions were as
previously described (Prasongsook et al., 2015), with
an initial denaturation at 94 °C for 1 minute, annealing
at 60 °C for 1 minute, and extension at 72 °C for 1
minute over 30 cycles. Finally, the PCR reaction
concluded with a final elongation step at 72 °C for 10
minutes. The restriction enzyme digestion of the PCR
product was performed using 20 U of the Msp/
restriction enzyme, which recognizes the site CCGG.
Digestion was incubated overnight at 37 °C. The
digested products were electrophoresed on a 2.0%
agarose gel at 95 volts for 1.5 hours in Tris-borate-EDTA
(TBE) buffer. The individual PCR-RFLP fragment
sizes were visualized using ethidium bromide and
band patterns were analyzed under ultraviolet light.
According to the results of previous study, the IGFBP 2
genotypes were classified into AA, AB, and BB. The AA
genotype showed a 245 bp fragment (no Mspl site), the
BB genotype showed two fragments of 190 bp and 55
bp, and the AB genotype showed a combination of 245
bp, 190 bp, and 55 bp.
4. Allele and genotype frequency analysis

Allele and genotype frequencies of the
IGFBP 2 polymorphisms were estimated by the
FREQ procedure, and Hardy-Weinberg equilibrium
(HWE) was tested by y° of SAS 9.0 (Statistical
Analysis System [SAS], 2003).
5. Statistical analysis

A mixed effects model was used to

analyze the IGFBP 2 data obtained by using the
MIXED procedure of SAS 9.0 (SAS, 2003) to
(LSMeans)

compare the study traits between the fixed effects

estimate least square means to
using an F-test followed by a significant t-test for
these effects. The statistical analysis model is

represented as follows:
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Yimn = M+ genolype, + sex, + farrowing group,+ litter,,
+ finishing pen (farrowing group),, + €,
Where; Y, = observations of the trait measured

on animal i within genotype |, sex k, y = overall
mean, genotype; = the fixed effect of genotype; |, |
= AA, AB, BB, sex, = the fixed effect of sex; k, k =
0 female, k=1 male, farrowing group,= the random
effect of farrowing group; I, I = 1 to 11 with the mean

the random

of 0 and the variance of 0)2c litter,,
effect of litter with the mean of 0 and the variance
= the

random effect of the finishing pen nested within the

of 012 finishing pen (farrowing group),,

farrowing group; n, n = 1,2...,8 modified open front
building, n =9,10...,34 test station building with the
mean of 0 and the variance of 0%,, jumn = the

residual effect with the mean of 0 and the variance

of oﬁ
Results and Discussion

Allele and genotype frequency

According to the results of previous study
by Prasongsook et al. (2015), the genotypic
and allelic frequencies of IGFBP 2 are shown in
Figure 1 and genotype frequencies were in Hardy-
0.20; P 0.90,

Weinberg equilibrium  (y°
respectively)
Effect of IGFBP 2 genotypes on fat-free lean

The study of candidate genes is a primary
method for determining whether specific genes are
related to economically important traits in farm
animals (Li et al., 2003).
LSMeans

by IGFBP 2 genotype groups.

Table 1 presents the

for production performance traits
This study found
significant effects (P<0.05) of IGFBP 2 genotypes
on fat-free lean at several ages. Estimating fat-free

lean using serial live weight and real-time ultrasonic
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73.04
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Figure 1. Genotype and allele frequencies of IGFBP 2 in the F, pig population, Adapted from Prasongsook et al., (2015)

measurements (NPPC, 2000; Schinckel, 1994) is a

simpler and more economical method for
predicting protein accretion rates in live pigs for
commercial herds (Schinckel et al., 1996).

In the current study, pigs with the BB
genotype had greater (P<0.05) fat-free lean at 10,
13 and 16 weeks of age than pigs with the AB
genotype. However, the fat-free lean did not differ
significantly (P>0.05) among genotype groups at
19 and 20 weeks of age, which is close to the
market age. This indicated that the differences in
fat-free lean among IGFBP 2 genotype groups at
younger age will not correlate with fat-free lean at
the market age. Nonetheless, this information could
help the pig producers optimize their feeding and

management strategies.
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Furthermore, significant effects of the

IGFBP 2 genotypes on fat-free lean percent were
found (P<0.05). Pigs that contained the BB
genotype had greater (P<0.05) fat-free lean
percent at 13, 16, 19 and 22 weeks of age than
those pigs with the AA or AB genotypes. Lean
tissue growth in the pigs is closely related to feed
efficiency and carcass quality (Schinckel, 1994).
Moreover, lean tissue growth gain is

closely related to the body protein deposition,
which is a primary determinant of dietary amino
(NRC, 1998;

Schinckel et al., 2002). To minimize feeding costs

acid and energy requirements
and optimize carcass value, it is thus in the pork
producers' interest to optimize the carcass lean

content in slaughter pigs. In the current study, fat-
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Table 1. Least square meanszstandard errors for fat-free lean traits of F, pigs separated by genotypes

Genotypes P-value
Traits N
AA AB BB
10 wk fat-free lean, kg 408 9.16+0.46™ | 9.37+0.29° |  9.78+0.27° 0.003
13 wk fat-free lean, kg 408 14.93+0.81%° | 15.28+0.40° | 16.00+0.36 0.010
16 wk fat-free lean, kg 408 23.46+0.94™ | 23.16+0.40° | 23.95+0.33" 0.010
19 wk fat-free lean, kg 408 29.98+1.22 30.04+0.43 | 30.69+0.32 0.260
22 wk fat-free lean, kg 408 39.18+1.46 38.48+0.48 | 38.30+0.33 0.790
10 wk fat-free lean percent, % 408 39.04+1.62 37.41+0.58 37.18+0.44 0.590
13 wk fat-free lean percent, % 408 36.96+0.69° | 37.63+0.34° | 38.30+0.30° 0.030
16 wk fat-free lean percent, % 408 38.28+0.66™ | 37.98+0.28" | 38.61+0.23" 0.030
19 wk fat-free lean percent, % 408 37.03+0.70° | 37.68+0.34° | 38.19+0.30° 0.030
22 wk fat-free lean percent, % 408 50.67+0.89° | 50.64+0.35° | 52.00+0.27° 0.030
Fat-free lean gain, g/day 408 342.05+14.82° | 352.60+8.06° | 369.90+7.38 0.030

*° Least square means within the same row with different superscripts differ (P<0.05)

free lean gain ranges from about 342 to 370 g/day,
consistent with previous studies that reported a fat-
free lean gain varies between 200 to 450 g/day (de
Lange et al., 2001; NRC, 1998).

The results indicated that pigs with the
BB genotype had a more favorable (P<0.05) fat-
free lean gain (369.90 + 7.38 g/day) compared to
pigs with the AA genotype (342.05 + 14.82 g/day)
and pigs with the AB genotype (352.60 + 8.06
g/day). Specifically, pigs with the BB genotype had
a fat-free lean gain that was 27.85 g/day higher
than pigs with the AA genotype and 17.30 g/day
higher than pigs with the AB genotype.

Conclusion
IGFBP 2 genotype effects were found for

fat-free lean at 10, 13 and 16 weeks of age, fat-free

lean percentat 13, 16, 19 and 22 weeks of age, and
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fat-free lean gain from 10 to 22 weeks of age.
However, there was no significant effect of the
IGFBP 2 genotypes on fat-free lean at 19 and 22
weeks of age. Pigs with the BB genotype exhibited
more desirable fat-free lean at 10, 13 and 16
weeks of age than pigs with the AB genotype.
Furthermore, pigs with the BB genotype had the
most favorable fat-free lean percent at 13, 16, 19
and 22 weeks of age and the highest fat-free lean
gain from 10 to 22 weeks. Additional genetic
improvement using MAS and targeting genes with
significant effects like those associated with the
IGFBP 2 locus, could substantially enhance the
efficiency of pig production. To advance these
findings, it is essential to evaluate associations
between IGFBP 2 polymorphisms and production
performance traits across different breeds and pig
populations and conduct further functional studies

to define the effects of IGFBP 2 at a molecular level.
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Use of Com with Pellet Binder as Replacement for Wheat Flour in Diet of Whiteleg Shrimp

(Litopenaeus vannamei) on Growth Performance, Immunity, and Feed Digestibility
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Abstract: This study on the application of corn with a pellet binder for replacement wheat flour was conducted
by focusing on the growth performance and immunity of whiteleg shrimp (Litopenaeus vannamei).
The experimental design was a completely randomized design (CRD) with 3 treatments and 4 replicates,
corn replacement for wheat flour at 0% combined with the pellet binder at 0% (T1), corn replacement
for wheat flour at 50% combined with the pellet binder at 0% (T2) and corn replacement wheat flour at 50%
combined with the pellet binder at 0.4% (T3). The pellet binder used in this trial was lignosulfonate + guar
gum. The results showed that shrimp fed T2 with diet had the highest feed conversion ratio (FCR) (P<0.05).
The average daily gain (ADG) and specific growth (SGR) were the lowest (P<0.01). Shrimp fed with T3 diet
had growth performance in the same range with shrimp fed with T1 diet (P>0.05). In addition, shrimp fed
with T2 and shrimp fed with T3 had increased the amount of hemolymph protein (P<0.05) and had increased
the amount of superoxide dismutase activity (P<0.01). Shrimp fed with T2 and shrimp fed with T3 trended
to have red color after cooked than shrimp fed with diet control T1 (P=0.052). The protein and carbohydrate
digestibility (in vitro digestibility) were not significantly difference (P> 0.05) among these three diets.
Therefore, corn combined with pellet binder at 0.4% can be used to replace wheat flour at 50% without

affecting the growth performance of whiteleg shrimp.
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Table 1. Feed ingredient composition and nutritional value of experimental diets

Parameter T1 T2 T3
Ingredients (%)
Wheat flour 20 10 10
Corn grain 0 10 10
Pellet binder' 0 0 0.4
Fish meal 16 16 16
Soybean meal® 435 445 44.5
Fish oil 15 1.5 15
Lecithin 1.5 1.5 1.5
Vitamins and minerals 12.8 12.8 12.8
Rice husk as filler’ 4.7 3.7 3.3
Total 100 100 100
Feed cost’ (THB/kg) 27.27 26.99 2717
Proximate of nutritional value (%)
Moisture 9.07 8.40 10.90
Crude protein 40.84 40.97 39.67
Crude fat 5.84 5.64 5.98
Fiber 4.50 4.27 4.14
Ash 10.61 10.58 10.35
NFE* 29.15 30.14 28.96
GE® (kcal/kg) 4,052.74 4,081.88 3,992.16
DE® (kcal/kg) 2,631.19 2,644.29 2,596.83

1Iignosulfonate 95% + guar gum 5% (Kembind Dry; Kemin Industries, USA), 2Adjust nutrition to be same

3Ingredients price (THB/kg): wheat flour, 16.25; corn grain, 12.10; pellet binder, 45.00; fish meal 38.50; soybean meal, 16.00;

fish oil, 41.70; lecithin, 37.20; vitamins and minerals, 75.10; rice husk, 2.25

*NFE =100 -

°GE, gross energy = (%Crude protein x 5.64) +

°DE, digestible energy = (%protein x 3.5) + (%fat x 8.1) +

(%protein + %fat + %fiber + %ash + %moisture)

(%Crude fat x 9.44)
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+ (%NFE x 4.11)

(%NFE x 2.5)
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AN12TNTNARDY

Lﬁyﬂ\ar’w’w’mmmm 1.27£0.04 nfulugnszan
211/ 100 @m‘wum 80 AMT AU 10 Fasias 70
NNINARRIAEL 4 91 mummm’mmmm 12-15 WA
warlufledesndn 1 Raanin/ans eandiauazans

UININNIN 5 NAANTH/ANT Nat 7.6-7.9 danlai]

uanndn 120 adnsu/ans wasudnedn 20
wWaedidus vn 2 du Ifanunsiiang 10 wefidusie
‘fmﬁnf’jq waqdsuananisas 2 1efidusnn
2 dland Tauutieldeunadu 3 Resedu daw
amnagaetnawanaunuulvanasaniuanslszanu
Wadunan 8 dlanii

nsiiusausantaya

NMSANENANHUSNIINILNTN

Fain1slun1Tazan e (water solubility
index) MNABN13289 Machado et al. (1998) laain
faaeing 25 N3 Lt finauEe 200 sauseaund
uaan 30 wiit wdatllauiiguindl 135 asan
a@aa Whiaan 2 Falus Fedminifesuanen
sannslunnsazanei

FrEnN3IUNNTAZAN TN = 100 - [({fmﬁﬂ
PRIFIDLNIIUAIAL X F x 100) / ﬁwﬁnmmﬁqmjw
Budu]

a8l F=[100 + (mw%ummﬁq@ﬂwﬁluﬁu
- mmﬁummﬁqeﬂ'wuﬁq@uﬂ /100

mmmﬁfmfauﬁmmmiﬁﬂuﬁﬁ (water
stability) AINAT 1an.1198 (Thai Industrial Standards
Institute, 1993) Tntianfaatnafiguun il 65+ 2
asATaFaa (fiann 24 T wdata 5 N3 ut
ﬁﬂ 15 |uALAT Wuean 2 $alue aantuir ey
'Waamu 65+ 2 mmuﬁméﬁm Lﬂumm 24 G2l
mewmmunmmam AEVIANAITLAAA
gaaisinamslii

mwmﬁqm@uﬁmmmiﬁﬂuﬁﬁ = (ﬁmﬁﬂ

YBIFRDENINIAD / UNNLINaBIFnasiNeENA) x 100
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nsAnsIMsALTnER97917
EM?WﬂW?LMUTML'ﬂ@ﬂm@Qu (average daily
gain; ADG, g/shrimp) = umuﬂmmwmu /AU
SuiAea
IR EE L‘W’] (specific growth rate;
SGR, %/day) = 100 x (In umummmumummi-
NARDY — lnmuummmmwmu) / Suduiiaes
§nsnisilasuanisiiuiamein (feed
conversion ratio; FCR) = Funnia s 9t e /
Y eyt
ARTINITTAAMNY (survival rate; SR, %) =
(ﬁﬁuquﬁq%ﬁ'mﬁm@mLﬁﬂ?zuzgmmawmm / AU
Gélwﬁumiwm@m) x 100
NsANEDNANNULATANIANGN
FiAmziFunaudaiaensauranun (total
hemocyte count) IneREN19294 Supamattaya ef al.
(2000) Tneiiniaan ANy trypan blue AN
ihligasldndesqanssaliitetiusuaudoien
Fiasneliuauldsaulutiniien
(hemolymph protein) ANNATN19U84 Supamattaya
et al. (2000) TneiNlABAMHANTLATAZAENBIUAY
A usAtAsnz Lin At nudaLRu Folin Unluiile
anase udarilddnAganauuasi 640 unTuins
wavtTauLfe Uiy standard curve 124 bovine
serum albumin
Apszinanssnaesieulsiiueasending
(phenoloxidase activity) Iaa35n1sanuilasann
Smith and Soderhall (1991) Wnsaatigdan naw
U L-DOPA LAY Heperﬂmﬁgmuqﬁ 37 84AN
wadna wdarh U Sarganauuad 490 unluins
Aaszvnanssuaadlalalad (lysozyme
activity) AuNATN19284 Ellis (1990) TnenaNLnAen
r’jaﬁ’ummzmm%ﬂ Micrococcus lysodeikticus
(Sigma-Aldrich, St. Louis, MO, USA) 11 sodium
phosphate buffer, pH 6.24 mm@mum@mmﬂ{]mm
‘Emmmmmmﬂauummmwmqmu 450 unTulupse



M5ATNEAT 40(3): 405- 417 (2567)

MR 1 U7 WAL 6 W1T ANRIUUURETDY lysozyme
activity TnanfleniagazinldArganauugs
wlaeuulas 0.001 AeuiseNaaniullshiu

Aagzvinanssnaesieulasfiesaanlast

Aadoma (SOD) MNABNI9183 Ukeda et al. (1999)
Inerld SOD Assay Kit#19160-1KTF (Sigma-Aldrich,
Buchs, Switzerland)

Amziinnungsnlslau Ine Glutathione
Assay Kit (CS0260; Sigma-Aldrich, Buchs, Switzerland)

Annuiafssuan Inaquisungannaasgn
az 8 i g luingaumgdl 100 °C waw 1 wndl
AINATNI3909 Parisenti et al. (2011) WA2UINI
wWEeueuAsaewnad (SalmoFan No.)

nisAnwInstaslauasainisiuias
17178n"5 (in vitro digestibility)

Anwinisdesliaesllsfuuaza1flu-
lamsnaea011199nIN3TN19289 Hahor et al.
(2022)

1. avmeulmiaindean 12 fa A
f’j\m?iﬂ 8-10 N3N/ TneALILINITULEBERIUNS

103r9duTesAuLaran [dsaniu udoTuazidan i

Wwilladaaiu nauiuaisazane Tris-HCL 50 mM
pH 7.4 nanlFidiulngld micro-homogenizer
(THP-220, OMNI International, USA) L& LN1N9-
~ o 2 o a v o
whauanlianaznauw antiuingaunlaldninis-
naaasAnEnsdanla luaaanaans lnaldimi
dayiuiduansazatallsiuninsgiu dnnaiy
mmu‘llﬂamumummmmmnmL@uTEﬁNQLmiwvumqu
A8N19994 Lowry et al. (1951)
. y ol ~

2. dawnsienldlunismasasundnsnig
doelalunaannnaes lnadeiminfiet1eun uao
\Aix phosphate buffer pH 8.0 tANe1UTauzLe
POLANAAWYIE LiNasazaneLilu 2 dou douinlid
nsineulafaindeuazdouiiuaeinunibs

o‘ndl o v a v o 1

wulssiadnlaainnisaueinisde dnldus 16
dalug Nguugivied 25 asAaidaa a1ntiuinly
Tuwnasudafudiulanidsziiunisdaslauas
TsAunazanslulawmsm (Hahor et al., 2022)
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3. nsAneUsz@nsninnnsdesliuag
TlsAuaasarnisdslunaannaaeslnadinsnzi
ﬂ?‘mmm‘mzﬁiu‘ﬁ'qﬂﬂ@ﬂLL@:ﬂ@mﬂ@'@mmmma
{meR3 ninhydrin assay (Eid and Matty, 1989) SaA1
mi@mnamm\i‘ﬁ' 507 W1 luums AuanuLlsTENENN
Tunstlealdlunaaannaasraslilsfiu

4. nsAnsdsz@nininnnsdesliueg
Tusiu Inedimszidiannllsiuiigndesuas
@m’lmai’] (soluble protein; peptide) TAe3T biuret
test (Plummer, 1988) fi“mmmiamﬂﬁuumﬁ 540
TR Auaanududuseslisfuiiazanein
g4 TneldiosusayRuduansazaannsgu

5. nsAnelsz@nininnisdaslauns
arflulainsnaesennisialunasannans Tng
ST BN LN ANGI AT R 3,5- dinitrosalicylic
acid (DNS) #1835 n13984 Bedford and Classen
(1993) WAz Miller (1959) Iﬁﬂﬁ’]@’]?@ﬁ@’]ﬂ%ﬂ 3401
wﬂumqmum mmﬂgmmnumm anel DNS
mnuuuummunuum 25 A9ANLEALTHA YA
ﬂgmmmmmu 100 aALTaLEaa uaann i
mﬁfmﬁmﬁuﬁmmeﬁ'}”l,ﬂdfmmma@mﬂ%uum

N53ATISUTRNANINEDE

ﬁﬁ@g@%\mumﬁmm:ﬁmmuﬂiﬂmumu
WNUNIINAABIRLLANANY 0] it uAIN-
LANANITBIANRALTLMINVEN WA AT N 390
Duncan’s new multiple range test (DMRT) fse i
adnAty 0.05

NANISVNIARDILAZIANGTE

ATUANHTUENNNNIENINTBIBINNGT9219
Aldd19Inanaunuutdegana (Table 2) wuqn
wualduAfatlunisazat8 U NTW (P=0.066)
warduunlduAraouasaraslna i sfaluu
AR (P=0.077) Lilagannutladnatnaidaudssnay
:’/ U 3 dl ’G’ v ¥
nautheeu uazudsudeangaindinnluluanadi
M linsiaanfludaasutaulaauliiguantinly
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Table 2. Physical properties of shrimp feed pellets composed of corn replacing wheat flour

Item T1 T2 T3 SEM P-value
Water solubility index (%) 19.97+0.50 25.00£1.12 22.57+£3.36 0.94 0.066
Water stability (%) 82.77£0.15 81.97+0.35 82.40+0.46 0.15 0.077

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

Asiluanssranuidnleias (Lund and Lorenz,
1984) ndruthaand wsiile finanstlszanusiatinas
ludrmnuasiluinuasAsaiilunnsazanei i
LLuQTﬁNﬁ%‘u (Farmanfarmaian et al., 1982) Tpsia
ANuUANANaTuaes Ll TadAtynneadia (P> 0.05)
AUNANAILAN

nan19iAuTnreeianq (Table 3) wudn
n@:uﬁ'L?i”moﬁ”qafa'}miQM‘iﬂ’quwmwmLmuLLﬂ\imﬁ
50% Tne/laiflanstlszanwidin (12) fenaniaaeu
mmauﬁuﬁmﬁnmmdqn@juﬁL?i”mﬁqammizgm
ld 419 tnanaunuulaand 0% (T1) LL@xﬂ@:N‘ﬁngﬂd
Aagasgastnalnanaunuuleand 50% saniu
ansuszanuda 0.4% (T3) et eluad1Atyn19ans
(P<0.05) LﬁﬂamﬂiuuﬂqmﬁmﬂiﬁuﬂqLmﬁu
(glutenin) wazlnaazAy (gliadin) Fsaudafuiily
QLU (gluten) HANHOIEIMTEUAZHATNE ANEWES
(Apper-Bossard et al., 2013) v‘fﬂﬁﬂ’mwzgjmﬁlﬁ
Bunnutlsanased1ainaninninlaanumsiaves
Lﬁﬂ'ﬂﬂﬂ’]ﬁ‘f’j\ﬂui’m’mﬂdﬁLL@xﬁﬁﬁiuﬂﬁi‘@Z@’mﬁﬁ
1aaNI1AY Table 2 %ammmﬁqm@uﬁ@mmﬁﬂu
5ﬁLﬂuammuﬁﬁzﬁﬁﬁmmmmmaﬁq (Farmanfarmaian
et al., 1982) Lﬁmmﬂr’jﬁummi%LLmﬁummﬁr
atnpaLie (Jussila and Evans, 1998; Obaldo
et al., 2002) °lummwmmmmmmmmmmimiu
i limideemadnauinfinnisuannszans e
e msuazazanell v daunile vnldiAanas
zgtyL%ﬁﬁummmm@uﬂummmmiﬁLu'ﬁl,ﬁﬂ (Ali
et al., 2005) wililainansUsrauidia 0.4% dana
’LﬁmmmﬁwmtﬁmmmiﬁﬂuﬁﬂLﬁu;ﬁ”uumﬁmmu
nazanetinanas TnaanssranudadesWanms
Fusiuuiuiulunns8ainemns lierazioan
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Aesnaaaine s TN ldunuan ann1snnsqoyids
1901119 aza8 U AUl denAReIRUNANIg
wiulnaeafennanguiagssiaaan g T1 uasngui
WAENAR8811T T3 Talemsnisiulnedssadu
(ADG) uaz nsAuTnenmig (SGR) M1NNIINg
AAeganavis T2 @mmuﬁmmmmmmam
(P<0.01) a1sdszaruidaineiAa Nanysainig
nanaeaana s RN saa8F LA gNTLAIa
arsaunsanized luinteaignaundnieas lanu
(Obaldo et al., 2002) Al sulnaurinauag
awaliinismuinnay Indiaaeiufanguinlasy
P Y o =2 %
21119 NLINER TeaanAaesiun1sAnINTg I
¥ v Y Y o e‘%
daTnaluanmsteuaznislddnnnaaiunsdndin
Bu 7 1894338Ma18 71 (Niu et al, 2012; Wang
et al., 2016)
=S a v o v dl Yo
nsAnRANTUIasisIanlasueIung
VAABINY 3 NGN (Table 4) Wudn e lasuanmng
FaTwanaunuuaananszay 50% (T2) wazdnqing
NALNULLTNGANTEAL 50% Faniuaslseanuidn
0.4% (T3) HFunulsAnlurniae AN et N9
Wad1ATYN19aDA (P<0.05) LAAIDINANNAINID
lunnstletuazgadnaisernislaaianiylysmuil
dse@ndnnd Wunngileseenlaihadowaiini
1 a o ° o QI aa dl '
atgnelad Ay danneada (P<0.01) Terawlny
fulasfeanladnaiananiniinfsueyyadassine
walfisedasueyyagililesesnladuaulassu
Vidulalnsauilasaanlas (Nimse and Pal, 2015)
L8991NN1INBIUITHAIAINNAINULDIDINT b
Wngodaansawisludnidas feiueuisleduan
R R TR R Lol Y E RPN RYE LA
a v o o vy [~3 =l al a v o a
nAAuAw I IWsudeussdganand 9RAuulsad
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Table 3. Growth performance of whiteleg shrimp fed with experimental diets

Growth performance T1 T2 T3 SEM P-value
Initial weight (g/shrimp) 1.26+0.03 1.27+£0.04 1.28+0.06 0.01 0.820

Final weight (g/shrimp) 9.60+0.23°  8.40+0.32° 9.46+0.08° 0.17 <0.001
Weight gain (g/shrimp) 8.34+0.21°  7.13+0.32° 8.19+0.06° 0.17 <0.001
Average daily gain 0.15+0.00°  0.13+0.01° 0.15+0.00° 0.00 <0.001
(g/shrimp/day)

Specific growth rate (%/day) ~ 3.63+0.01"  3.38+0.08" 3.58+0.07° 0.04 0.001

Survival rate (%) 92.504+9.57 92.5045.00 85.00+5.77 213 0.274

Feed conversion ratio 1.30+0.11°  1.51+0.07° 1.43+0.09% 0.04 0.029

Protein efficiency ratio 1.90+0.16°  1.62+0.07° 1.76+0.11%° 0.05 0.024

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

Table 4. Immune parameters of whiteleg shrimp fed with experimental diets

Parameter T T2 T3 SEM  P-value
Total haemocyte count 33.00£1.41 34.75+£1.50 35.25+£3.86 0.72 0.450

(x10° cell/ml)

Hemolymph protein (g/dL) 4.42+0.19° 5.03+0.15° 5.28+0.39° 0.13 0.004

Phenoloxidase activity 70.86+6.71 68.33+4.07 71.04£5.84 1.52 0.757

(unit/min/mg protein)

Lysozyme activity (unit/ml) 310.00£107.08 166.67+28.67  251.67+79.93 27.19 0.083

Superoxide dismutase activity 10.90+0.56" 13.62+0.81° 14.27+0.92° 0.48  <0.001
(unit/ml)

Glutathione (nMole/ml) 31.91+1.29° 31.18+0.59™ 30.22+0.05" 0.30 0.049

Color (SalmoFan No.) 21.38+0.52 22.75+0.71 21.75+1.67 0.24 0.052

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

(Kantho et al., 2008; Lessard and Brisson, 1987)
= :l/ v = £ a 1 a
anisludatwaianssuenyadasylunguunalshn
uaem (carotenoids) tAA TuTuAY (zeaxanthin)
a7 (lutein) ATUTAWIUT (cryptoxanthin) LATLLIEN
~ < a Ay o
wAlsNu (beta carotene) TIRWATHHANTUIIATY
Aol maneailn @ 1Uane (Piaractus mesopotamicus)
ﬁmmﬁﬁ (Penaeus monodon) Lmzr’quq (Penaeus
vannamei) +114 A 1 (Rossi et al., 2020; Song et al.,
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2024; Wang et al., 2021) asvin linwuiSunaugilas
senlasmafinauazunnilsiiluiidensasis
Fl5UR1mns T2 waz T3 wnndnfeildiuenmng T1
wazinlsidelunguiilédfuenung T2 was T3 fuualiin
m@mmmum (Table 4) me’mwimummi T1
\anvee (P=0.052) saiinnsAneszugiAniuses
fernanfeilifunisdnenluanieznaia luilid
mMawtlanriennaeian wazmandslan
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nsAnmi AN sdenlAre9llsiuLay
pstulawmanaesemnsisluietfjimnag (Table 5)
WLI91 8139 3 an3naanusgasinatwanauny
wla@nd 0% Fanfuansszanugin 0% (T1), 81uNs
gradnaTnanaunuuilaana 50% sauiuanslszanu
Wn 0% (T2) uazamsgasdnalnanaunuuleana
50% FANAUANTUTTa1UEAA 0.4% (T3) WA 3eias
Idaaellsmunazanflulamanluiasdfimnasly
WANANAUNNeARA (P> 0.05) Iaaiuualiiunnsees
faaansaazfiluluamsilddrntnan aunuus
a1d 50% Fanniuansszanuln 0.4% NAn1stias
Vlﬁqqndqﬂ@:uﬁluj (P = 0.068) wananitauslu
nauAILAN (T1) uazngui ddn nanauwnuudeand
50% sanfiuanslszanudn 0.4% uwaldunistes
ldaaqiaiiaaglas (P=0.055) uazanslulainsm
Tnesangandinguldinatnanaunuutleand 50%

e lsiANaNTUszaN1Em (P = 0.060) wamaq9nngld

ansszanudiafinalienunsinisdesldnay
Lﬁmmniumm?xmul,ﬁmﬁLLa?'ﬁmme%mm:LLé
ﬁwﬁlu Il S1uunisasanailuasenidufaig
ﬂﬁﬂ?mmiﬁﬂmummLfau”l,smﬂuvmLaummi‘ﬁlﬁ
Tunisdealdsiunaziials (Maugle et al.,1982;

Silva et al., 2016) BanANLAINUANIANE IAEITIN
% U 1 v a
wan wugn nsties ldaeslilsfunazaslulansnaas
£ B 2 ¥ ' 1 o o
dnana wazd1atwa Tutdennalduansnaiuuaniin
[y | Py a 1y Aoy
anidu nsties ldnevaiimagiaaludraiwanidasys
desataasnndnistaslaaasaiigaglaaludng
a v U =3 dl a
andreud1ann wansdndssnuizesniaiutaly
HAAINANBHDIENINITNINTe9811 39 Ldda e
Hnnsazanaungs feldsuasannnstiasasasaasie
maiuledn whilednisaiuanstszanudaainig-
ATANYUNTBIAADINITANAY LATNNTEBLTBIDINIG
ad = o P a ad
Aau Asinalin iy npay
nslddatnanaunuuaanani lisunu
91A12MN3eR uUa INAAAY UEMINRA1IUITEY
gmsnisiaseyiuin mwmuwﬂumm@mmmwu
iesanndulndn samsensn Faduustinanansar
granvnsTldFunLa e uidhgaeaslaidana
Iiteiinnswsaaulanan v lsununsn@ads
analanalil FeaannisAneiinusideainnsldans
dszanudinaslugnsarmanudnfesinisasyiuln
ad Y a v £ =
AauLazlANANAATNNINTW 1HBIAINANINNIN
NENINEMIATY IREANNAIAITENTABIUNST
Tuwhanau Ardrslunisazaaunanas

Table 5. In vitro digestibility of shrimp diet composed of corn replacing wheat flour

Digestibility T1 T2 T3 SEM  P-value
Amino acid (g/100g) 3.79+0.17  3.61x0.26 4.14+0.24 0.10 0.068
Soluble protein (g/100g) 20.25+1.83  21.58+0.61 22.30£1.25 0.49 0.236
Sugar and starch (g/100g) 3.54+0.05 3.54+0.06 3.56+0.03 0.01 0.713
Hemicellulose (g/100g) 8.37£0.37  5.73+1.01 9.01£2.10 0.64 0.055
Cellulose (g/100g) 2.00£0.08  2.04+0.04 2.07+0.05 0.02 0.328
Mannan (g/100g) 1.70+0.08 1.74+0.02 1.78+0.07 0.02 0.342
Carbohydrate digestibility (g/100g)  15.61+0.18  13.05+1.13 16.43£2.17 0.65 0.060
Protein digestibility (g/100g) 24.04+1.97 25.19+0.44 26.43+1.49 0.54 0.207

SEM = standard error of means
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G

N MR el Ea TR T LY R P Al S TR LAV
naunuLlaaNAnITAL 50% (Antludndan 10% 1w
an3a13119) Faununisldansszauile (Gnludaln
WARANAUNRINN) Tiaz 0.4% Tuamns tnelsidasa
saAn1seiae lae991113 (P> 0.05) wazludana
neznuludsauseanssanwnIALInuaz) AN
294719219
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Abstract: Study of the influence of transportation period on cultivation of live feed phytoplankton 4 species
such as Chaetoceros calcitrans, Thalassiosira weissflogii, Chlorella spp., and Tetraselmis suecica for
nursery of aquatic larvae. Five experiments with four replicates: Phytoplankton inoculum that had been stored
for 0(Control), 1(T1), 3(T2), 5(T3), and 7(T4) days. Key growth parameters, including cell density, specific
growth rate (), and doubling time (D), were monitored and compared, cultivation period for 7 days to study
(1) Effect of transportation time on growth performance of phytoplankton. It was found that transportation
storage duration did not affect the growth performance of the four plankton species (P>0.05). (2) Durability
of phytoplankton during transportation. It was found that the specific growth rate of C. calcitrans was
the highest, while T. suecica was the lowest (P<0.05). Transportation storage duration of 0-3 days, T. suecica
had a doubling time than C. calcitrans, but not significantly different from other plankton. However,
the purpose of large-scale phytoplankton cultivation should be considered to develop or increase the

production potential of phytoplankton used in aquatic larval nurseries.

Keywords: Live feed, phytoplankton, transportation duration, inoculum quality
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Where; N, and N, are the number of cells
(N) at the start (t,) and end (t,), respectively, of the

logarithmic growth phase (Leearam et al., 2024)

dAansInisasauinaninig (u)
ARSI AN N TN AL AR 91N (D)
dafuszazinafinaga el unisutiaaad
paniudeuaasn o dudi LazaINITIANUIL
18 muannng (2)

In2

Y (2)
Where; In2 = 0.693 and specific growth rate (u)
(Leearam et al., 2024)
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Figure 1. An overview of the experimental workflow implemented in this study. (a) Packaging of

phytoplankton inoculum in Styrofoam box (b) Large-scale cultivation of phytoplankton after
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NANISANEIBAZIANTOL

NSANHIANENRUDITELALLARINITUURIAD
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Aden l8un Chiorella spp. (Ch) waz T. suecica (Te)
ANl iiRnTs wnasineuntusazaiad Aau-
MNULLTATEUAY WNTL 1 x 10° raasaiadans
flgnuunduduiads iy 26.6:0.38 a9AN
\aLT A rifaumif«ﬂun@ifmiww{ﬁmmﬁﬁLL%qmnu
ivﬂvmmmiﬁuum 1(T1), 3(T2) 5(T3) wax 7(T4) J1
HemsuimunnisfiusneaiEde wudn CC, Th, Ch
uay Te ufqmuqmmwmmmﬂ@mmiﬂ Wiy
25.841.63, 26.4+1.72, 26.4+1.72, 26.3+1.02 a4 AN
TATEE AUENEL JNZIENeEN AT
fmani7asyiAulnaes CC oy
MLNLTARENAY WAL 0.20£0.02 x 10° loadse
HadanT aziingsze s exponential phase Tufud
5 mmmﬂ,gmiunnmmiwmm ANNIZALIAINNT
Tuzﬁlﬂ‘ﬁl 0 (Control), 1 (T1), 3 (T2), 5 (T3) wag 7 (T4)
Fu RUSNAMA MU LILLTadIRRY LYY
16.5646.54 x 10°, 13.41+3.60 x 10°, 10.41+5.13 X
10°, 9.44+2.56 x 10° Uay 12.29+4.85 x 10° 11aa6a
Ladans ANAIAU (Figure 2a)
fnrnTiastyiuinges Th JAanuvuiuuu
IARGENAY WinTU 1.05£0.53 x 10° [iaasefinAAns
azidgszay exponential phase luufl 4 184n73-
Lﬁmiunﬂmmiwmm ANNSZEZ AN TIUET]
0 (Control), 1 (T1), 3 (T2), 5 (T3) waz 7 (T4) 74U
fiBuNnANLTARIRRY WU 20.37+5.18
x 10°, 13.57+3.91 x 10°, 17.66+5.78 x 10°,
14.11+4.47 x 10° Uay 15.59+5.86 x 10° L1aasa
qaaans mua1au (Figure 2b)
gnsnsiaiyiiuinues chlAanu-
MLNWLTARENAY WiNAU 3.410.85 x 10° loadse
LARARNT NUWIZTLUULLTUIUNINNAIUAY 11
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aAn1Tnaaad Control @m"ﬁ’mj&:ﬂz exponential
phase Ut 7 1091318 TN RIAIETI Y
TORIARE WinfL 37.18+30 27 x 10° adAeNaAANT
AIUN LA UTLH AN TUET 1 (T1) Tu i gseee
exponential phase TAuT 4 1ean13i@es fFun
AT LU ATIRAE WAL 312841928 x 10°
AAAANAAART LAZNIIALANNIZUZIANTTUEAS
7l 3(T2), 5 (T3) ung 7 (T4) Tu azidngsveas
exponential phase TuAuT 2 1eantniaes a0
AL LT ATIAR WinTL 23.50414.51 x 10°,
28.26+19.68 x 10° WAL 29.97+12.66 x 10° LIAR A
Laaang ANA1AL (Figure 2¢)
fnanaaInAuinged Te Haonumuuily
ARENAY WinA 0.33+0.03 x 10° iadAefiadans
"memmm wnm 21¥ exponential phase 1%'314‘1/1
6 199N3IRE N LAMAIWITAFA Wi
5.40+ 2.00 x 10° iaasaNaaasns §aun19Ausne
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u@nmnﬁmmumLL‘LiuLeﬁm’@;\‘iqm (max.CD)
fngniaasaLIna Wi (u) Lazareziaanidly
gL AR NgawWIN (D) 284 CC, Th, Ch uaz Te
luudazganisnaasslddnruunnsaiunieaia
(P>0.05) (Table 1) 9 uanaliiFiud unaarmaua
4 mﬁﬂﬁﬁﬁmwmﬂﬁmLﬁu‘tmmzﬂﬂﬂﬁuﬁmqu
adTindiAssTunng g deulanmaaead
MSANHIAMNNUNIULBIULNARIN ADUNTTEWLN
FUARTNITTAZLIAINITUUE
mrmﬁaqummﬂﬁuﬁ;‘LLwmﬂ‘muﬁ"\i 4 1im
Taeldldtinunsfuinseuszazinanisugsly
naeanu (0 1) WU C. calcitrans (CC) Hém3N1T
WIFAUTAAUNIE () WAL 0.930.12 LHARFTU
@jdﬂdﬁ T. weissflogii (Th), Chlorella spp. (Ch) way
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Figure 2. Cell densities of C. calcitrans (CC), T. weissflogii (Th), Chlorella spp. (Ch) and T. suecica (Te)
re-cultures ability after stored for 0 (Control), 1 (T1), 3 (T2), 5 (T3), and 7 (T4) days.

0.49+0.06 Lfm@mmu ANANAL @muuﬂmﬂmmq
A0/ (P<0.05) memﬂmmmvﬂ mmmmumm
1 uaz 391 CC & u (Winriu 0.83+0.05 LAz 0.95+0.25
WasAedY AINATAL) g9n31 Te ( p tiniy
0.47+0.07 WA 0.40£0.01 LTAGFABTYU ATNAIAL)
(P<0.05) TuanuziAenri Th (R p winfu 0.53+0.14
WAY 0.6620.24 LTAAAATU AMNAIFL) LAY Ch (R y
LAY 0.78+0.23 WAy 0.68+0.22 LTAE 6 AU
ANNaAU) TuansNail CC uway Te wAdALSNE
flszazinannnsauded 5 Suunaarmoudia CC, Th,
Ch uay Te § p v9inAyU 0.85+0.12, 0.64+0.22,
0.60+0.37, UAY 0.43+0.26 [TARABIL ANFIS 34
TdumnFneiy (P>0.05) WazaINNITALSNEIA1N
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szuznaNIIdTIUiga 7 Tu v liunasireu
Noafla Te § p windy 0.39+0.14 Lmaasady Hae
ﬁmm LLm'"LaJLmeiNfTu Th (P>0.05) (Figure 3)
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1.4140.19, 1.49+0.22, A 1.72+0.07 31 ANNANALY)
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A0R (P>0.05) (Figure 4)
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Table 1. Maximum cell density (max.CD; x10° cells/mL) specific growth rate (u; cells/day) and doubling time

(D; day) of phytoplankton re-cultures ability after stored for 0, 1, 3, 5, and 7 days. (n = 4)

Re-cultures ability after stored (days)

Phytoplankton 0 ] ; c -
Chaetoceros calcitrar
max.CD 16.56+6.54 13.41+3.60 10.41+5.13 9.44+2 .56 12.29+4.85
u 0.93+0.12 0.83+0.05 0.95+0.25 0.85+0.12 0.83+0.21
D 0.75+0.09 0.83+0.05 0.76+0.20 0.81+0.10 0.86+0.20
Thalassiosira
weissflogii
max.CD 20.37%5.18 13.57+3.91 17.66+5.78 14.11+4.47 15.59+5.86
u 0.63+0.12 0.53+0.14 0.66+0.24 0.64+0.22 0.57+0.17
D 1.12+0.21 1.38+0.39 1.16+0.41 1.17+0.40 1.29+0.40
Chlorella spp.
max.CD 37.18+£30.27  31.28+19.28 23.50+£14.51 28.26+19.68  29.97+12.66
M 0.62+0.22 0.78+0.23 0.68+0.22 0.60+0.37 0.71+0.20
D 1.21+£0.37 0.95+0.30 1.11+0.39 3.46+5.14 1.04+0.31
Tetraselmis suecica
max.CD 5.40+ 2.00 6.14+ 0.97 473+ 1.50 5.22+1.60 4.83+2.77
M 0.49+ 0.06 0.47+0.07 0.40+ 0.01 0.43+0.02 0.39+ 0.14
D 1.41+£ 0.19 1.49+ 0.22 1.72+ 0.07 1.58+ 0.09 2.02+1.02
No letter indicates no significant difference, where £>0.05
mcc
Th
mCh
me

ulcells/day)

a a
. a ab
| b b I ab ab
0. b ab b

a a
a
? 3 ab
“a Ib

Transportation storage duration (day)

Figure 3. Specific growth rate (u; cells/day) of phytoplankton (CC, Th, Ch, and Te) re-cultures ability after

stored for 0, 1, 3, 5, and 7 days. (n = 4) Lowercase letters indicate significant differences in
specific growth rates of phytoplankton species at different transportation duration storage (P<0.05)

(same letter or no letter indicates no significant difference, where P>0.05).

425



M5ATINEAT 40(3): 419- 429 (2567)

babh ab

Doubling time (day)

ab ab

ﬂ-“.-H.H“.-

72

W CC
Th

HCh
HTe

a

a a
aaal

Hue

120 168

Transportation storage duration (day)

Figure 4. Doubling time (D; day) (b) of phytoplankton (CC, Th, Ch, and Te) re-cultures ability after stored

for 0, 1, 3, 5, and 7 days. (n = 4) Lowercase letters indicate significant differences in the doubling

time of phytoplankton species at different transportation duration storage (P<0.05) (same letter or

no letter indicates no significant difference, where P>0.05).
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LAZANNNFONT099 W1 5E1TAR unaaTReuRTR
ﬁm\lu%mﬁ'aq%ﬂﬁuummﬁm wrazaindunun
zﬁ’wV’Tcyfafj’]qmﬂr;ifamimémm;ﬂﬁmﬁﬁﬂfd@u VT
Chlorella sp., Isochrysis sp ., Chaetoceros spp.
WAy Thalassiosira spp. \i1WAW (Arkronrat and
Oniam (2012)- Wongrat (1999)) ﬂmmwm@\mwam
mu‘wmLﬂummﬁmimmfawnivﬂ ATz AN
mamsm‘ummm@uﬂﬂmmﬁmLWfavaﬂfaum@
@nmmmquaumiﬂ ﬂi““@‘ﬂﬁ&l@ﬂ’ﬂdﬂ’ﬁm’] Be
LLW@\mmuwmLLuuwmauumuagﬂummLﬂJmu
sa RGBT &L aNAR ATy (Leearam et al.
(2024); Sani et al. (2021)) miﬁﬂwﬁﬁ@uuﬁﬁﬁﬁ
m?ﬂn‘mmmnum?mmnﬁmmmwmLm‘wu
3N UNNNNUANNABINIT AL TULATNIZLIUNNT
AN ] AvmnzauiielidanaulndiAaasuenvnsan
v msﬁué‘”mmim‘bﬁ’qmmﬁﬁ?ﬁ IEITE I AN
N lfuite s (Harith et al. (2010); Pankaew

et al. (2011); Pimolrat et al. (2017) ; Pimolrat et al.

(2023)) TuaniziAeaiu nALSN I T WAL

paunglunaasiny IngilsAannuad wazanse11I3
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M lFluszazusnaa9n1sinIZag 8 UNAIi A WD
arlifinsudvaaduienisadiinin esann
wnaainauNTLAazslAl A NNUNWAelaqe
wndenvdeiinisususaiie lidnsusnmuaaden
Inalfiupnsinaiu ‘Emﬂfqmuqﬁ‘ﬁ'mmmummi
wiggtivlngasunasinaunadoulun) agludag
20 fi4 30 a9A"LIaLTag (Jalal et al. (2013); Singh
et al. (2015); Liammai (2018)) a1NN1TANBIHA
srazinaInIsaudesalsz@nsninniaasoysuin
JaeunaIfmeuRa CC, Th, Ch uaz Te Aszeiziaan
0,1,3,5 uay 7 51 tuguis0vnldTne lidena
nrEnuUN19aL lUnNTmNZI8Ne e NAN9AS INEATNT
TN AN TN LT B LN RS TR A LR
2 ngule DawdvnnifinAruardrannnisaugdsun
an® 79u szazinainisaudeldlddenasie
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adUAYUAINAI9283 Vona et al. (2016) NA1991
ANHUEN TN BILNATRaUNgH Az AN
flialden diatom frustules unisimadisznay
poe@ani Ususalimis douunaarimeunguadilian Ch
ATdnM LN TagIUN (Weber ef al., 2016) a4d]
ANNNUNIUFBNITALSNEN Tan a2 ld g (naag
T9n) 1o Tuanizpga iy Te HAugn1salunng-
Ususaldiasiigeauile foudlousuunasineuis
afiaau iasannlasssramasaes Te danmnzily
ifuane (flagellate) AauanNsnlunsUSuARR9d
ﬂdmmmn’muﬂ@juﬁlu ABAARBIALNITANI8
Leearam ef al. (2024) A1NNNTANHAAIE WLIA
Te{AN p 1917Y 0.39-0.49 L EARADIY LAZAN
D winriu 1.41-2.02 51 Ingl Te § D 41nn91 CC Au
3281001NN3 AT 0 1 uaz 3 51 usldunnang
fU Th uaz Ch uslilaliuinE A usyaziaaiInis-
IURST 5 UaT 7 Fu wudn unasTReufiasi 4 590
A1 D Tluansneiu aenAde9iLN1INAARI28
Fakhri et al. (2015) fi9181911491 A U WagAN D 189
Te {Anae]lutag 0.41-0.44 LTaasodU WAL 1.24-
1.56 314 MNAIAL

G

nsfusneiaide WA A UNT NN
lnazman ewn C. calcitrans (CC) uaz T. weissflogii
(Th) wazngu@idan Tdun Chiorella spp. (Ch) uag
T. suecica (Te) TunaadlWuAINTZEZNAaINITUUES
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mﬂ‘ﬁ'qm‘ﬁ' 7 4 F9ANNNTNN UL B N AT ABUNT
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proadaLLaziFauauniiinesnisesyiula
ﬁdﬂﬁﬂ; Wudn CC Remsnisiascyiiulnannig (u)
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Abstract: Khao Kum (purple rice) contains an important active ingredient, anthocyanin. However, purple rice
landrace gives lower yield compared to modern varieties. Therefore, breeding programs to increase yield
and grain quality including the utilization of other parts of purple rice landrace besides consumption offers
an alternative to boost income for farmers. The purpose of this study was to investigate the relationship
between the expression of DFR gene and anthocyanin content in purple rice landrace, in the leaves at
45 days after transplantation and in brown rice grains, across nine purple rice landrace varieties which were
selected by plant morphology: group 1 purple shoot and leaves: Kum Doi Saket, Kum Phayao, Kum Wiang
Sa and K4 and group 2 green shoot and leaves: Hom Nin, Kum Hom-CMU, Kum Jao-CMU, Leum Pua,
and BL3, including with the two check varieties of white rice, Pathum Thani 1 and Khao Dawk Mali 105.
Three replications of a completely randomized design (CRD) were conducted in the pot experiment.
The DFR gene exhibited the highest expression in Kum Doi Saket and Kum Wiang Sa. It was observed that
K4 had the highest anthocyanin content in leaves at 45 days after transplanting. The anthocyanin content
in brown rice was the highest in K4 and Kum Doi Saket. A negative correlation was observed between
the expression levels of the DFR gene and anthocyanin content in leaves, and between the grain anthocyanin
content and yield and between the anthocyanin content in brown rice and yield. The data obtained from this
study revealed that measuring the expression level of the OsDFR gene alone is not effective enough to be
used as a molecular marker for selecting purple rice varieties with high grain anthocyanin. However, it can
still provide important fundamental information and the development of appropriate molecular markers for

selecting suitable and efficient rice varieties in the future.
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Figure 1. Anthocyanin biosynthesis pathway edited from Zhu et al. (2017)
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daneanlailugns 46-0-0 dm91 10 Alanfusels
(Division of Rice Research and Development, 2016)
Wudayananan wazesALlszneunananTiszaziy
Aee Ineuiindeyasiusuniesesu s1uausas
FRAY ANUIUABNARTIN LUAFEUFANTIRNLANINAR
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nsAATzRWugnssafiigadasiunisadng
waulnldeniiu
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tirlilpeaaanamun I RNA #asiees nanodrop
spectrophotometer (Phasri et al., 2016)
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Anein1sudnseantasiiningiin RNA 11
daaseiiiiu cDNA TnaeAalgnsen reverse
transcription (RT) A28 Revert Aid First Stand cDNA
Synthesis Kit (Thermo Scientific, Waltham, MA, USA) %xﬁ
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5X RT buffer 10 T ias@ans, Oligo (dT)18 1 lulAsams,
10 mM dNTP 1 hﬂmﬁm, RiboSafe RNase Inhibitor 1
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gusnemnAila semi-quantitative RT-PCR Tagiande
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mﬂuﬂ polymerase Cham reaction (PCR) it primer
flamzanzasiuEuiifiendas (Table 1) (Sakulsingharoj
et al., 2014)
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Amrzinisuassaanaesdulag ldllsunsy
ImageJ L2 5GU 1.50i (Wayne Rasband National
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Relative intensity of gene expression =

Intensity of target gene

Intensity of actin gene
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Intensity of actin genef® ATNUUILUUIBILOLA
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(Lee et al., 2005)
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Table 1. The primer used for study of 10 gene expression

Successfully

Genes Forward Sequence (5" — 3’) Reward Sequence (5° — 3’) Amplification in all 11
rice varieties*
OsDFR CGG-GTT-CAG-GTT-CAG-GTA-CA TGA-AAC-CGG-AGG-GAG-TAA-C +
OsANS1 GAA-GAG-GGA-GTG-GGA-GGA-CT  CAG-AAG-ACG-ACC-CAG-GAG-AG -
OsCHS1 CGG-ACT-GGA-ACT-CCA-TCT-TC TAA-AAG-ATG-ACG-TGT-GGC-GTA -
OsF3'H CCG-CTA-CAG-TAC-CAG-CCT-TC TGC-CAC-CAT-TTC-TAG-AGT-TCC -
OsC1 CGG-GTT-CTT-CTT-CCA-CGA-C CCC-GCA-ACT-GCA-CTT-AAA-AT -
OsCHI TCC-ATC-CTC-TTC-ACC-CAC-TC TGT-CAA-ACA-CGA-GGG-CAG-TA -
OsB1 GGA-TGG-TCT-CCT-TGG-ACT-GA GGG-TGG-CAG-ATT-CAT-CAC-TT -
OsF3H GAG-CAA-TGG-GAG-GTT-CAA-GA CTT-CGA-TTT-TCG-ACG-GAA-GA -
OsB2 GTG-GCA-ATA-ACG-ACG-ACT-CC CGT-ACG-GTG-TTG-ACG-AGG-TA -
Actin1 GAC-TCT-GGT-GAT-GGT-GTC-AGC  GGC-TGG-AAG-AGG-ACC-TCA-GG +

* Only 1 genes in the anthocyanin biosynthesis pathway and Actin were successfully amplification and consistency in all 11

rice varieties in this study
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Figure 2. Relative intensity of gene OsDFR expression in 11 rice varieties at 45 days after transplanting
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Figure 3. Anthocyanin content in rice leaves at 45 days after transplanting in 11 rice varieties.

Figure 4. Characteristics of 11 rice varieties at 45 days after transplanting (a) Kum Doi Saket (b) Kum
Phayao (c) Kum Wiang Sa (d) K4 (e) Hom Nin (f) Kum Hom-CMU (g) Kum Jao-CMU (h) Leum
Pua (i) BL3 (j) Pathum Thani 1 and (k) Khao Dawk Mali 105
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Figure 5. Anthocyanin content in brown rice after harvesting in 11 rice varieties

438



NM5ILATISUNUENTTNTDIEY OsDFR TNetas
nunisdataseiauinlaeniuludriiifudiaslng

Table 3. Analysis of variances yield components in 9 purple rice and 2 white rice varieties

No. No.
Varieties Groups Tilers/ panicles/ spikelets/ Filled 1000 grain vield
plant grains (%) weight (g) (g/plant)
plant panicle
Kum Doi Saket Purple leaves 5cde 4cd 162ab 88.2ab 31.2c 19.0bcde
Kum Phayao Purple leaves 7bc Tbc 133abc 92.4a 31.9¢ 25.6b
Kum Wiang Sa Purple leaves 5cde 4cd 150abc 84.1bc 29.5d 15.8bcdef
K4 Purple leaves 5cde Sbcd 120c 81.3c 20.6h 8.7ef
Hom Nin Green leaves T7bc 7bc 120c 91.8a 23.5g 17.5bcdef
Kum Hom-CMU Green leaves 4e 3d 139abc 90.8a 34.2b 13.6def
Kum Jao-CMU Green leaves 7bcd 6bc 171a 90.7a 26.2f 24.9bc
Leum Pua Green leaves 4de 4cd 80d 62.0d 39.2a 7.5f
BL3 Green leaves 8ab 6bc 124bc 88.2ab 21.0h 14.4cdef
Pathum Thani 1 White rice 11a 10a 149abc 92.0a 28.0e 38.7a
Khao Dawk Mali 105 White rice 8ab 7ab 130bc 89.9a 27.0ef 23.0bcd
P-value o " " - ok *x
LSD ;s 2.7 2.8 39.2 5.1 1.3 10.9
CV (%) 18.3 20.9 13.2 2.7 21 26.0

*, **and *** indicate the significant at P<0.05, P<0.01 and P<0.001, respectively, while ns is not significant. Means in the

same column followed by different letter significant at P<0.05

HANARGRFURLTTNING 7.5-38.7 niNsiasi
a = P o 1w \ ¥ o Ao
Heeaeetn 19.0 ninsdesiu lunguassdianinily
uazasuANaslnanAnagszudng 8.7-25.6 niusia
£ 1 £ ll> dlt:l o Y a A = a 1
fu nanrasdon NN luuara fuddaaluananag)
7en4Ne 7.5-24. 9 nfudesu luwugilFauiiey
Unuadl 1 Fuandnganndnanonannzd 105 tng
Unuantl 1 Auandsyindu 38.7 nfusies dauang
ABNNZA 105 NUANARWINAL 23.0 NNFas
ATNANNUBSTLUININISHAAIRANURIE U
0sDFR wazdsunauuaulnlgandunwululudng
1 9 Wug

NURAINANAUSIWTIaY (r = -0.53)
2¥UINNITWAAIBANUBNEY OsDFR AULTNLLeY
Wlzardunnuludioni 4 Wusndansueaisu
wazluifludsnsadneliadnAnynneada (P<0.01)
(Figure 6) wazliin1suansaanvesdy OsDFR
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N1940F (P<0.05) (Figure 7a)
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Figure 6. Relationship between anthocyanin content in leaves at 45 days after transplanting and relative

gene expression of OsDFR in 4 purple leaves and 5 green leaves varieties
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Figure 7. Relationship between yield per plant and anthocyanin content in leaves at 45 days after

transplanting in 4 purple leaves (a) and relationship between yield per plant and anthocyanin

content in brown rice after harvesting in 9 purple rice varieties (b)
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Effects of Growing Media on Growth and Development,

and Yield of Potato (Solanum tuberosum L.)
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Abstract: This study was conducted on seed potato production in growing media to select suitable growing
media for potato seed production. The experiment used completely randomized design (CRD) with 9
treatments and 0 replications of with growing media such as 1) coconut coir dust, 2)coconut coir dust + rice
husk (1:1), 3) coconut coir dust + rice husk charcoal (3:1), 4) coconut coir dust + sand (1:1), 5) sand, 6)
sand + rice husk (1:1), 7) sand + rice husk charcoal (3:1), 8) coconut coir dust + rice husk + sand + rice
husk charcoal (1:1:1:1) and 9) rice husk. The experiment measured the physical and chemical properties of
the growing media before and after harvesting. The results showed that all growing media were suitable for
seed potato production. However, different growing media resulted in significantly different potato seed
growth and seed yield at a 95 percent confidence level. The most suitable growing media for growing seed

potatoes was coconut coir dust + rice husk (1:1), followed by coconut.

Keywords: Potato, growing media, growth, yield
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FeN9ANE ARSI Solanum tuberosum L. 1l LI SIMIANUBIANE ANAUAT UAZIAL Tmﬂ‘ﬁuﬁﬂ@ﬂ
fedugniislvnldau (uben) Wudousesdduazan  Jewaz 95 agluntmwilauasiuiilgnanienas
214N LL@&‘ﬁQ\‘iﬂQ’mﬁl’mLL@\iﬁﬁuﬂ%\igf‘ﬂ\m’]i“ﬂﬂﬁ 5 aglunianzdusaniaasiuile (Jarinthorn et al.,
12-13 Falua Fpaaudy ﬁtysluﬁqummuﬂﬁumﬁ’ 2008 ; Office of Agricultural Economics, 2022)
HARBLLNUGIUA mwmmﬁﬂ@mﬁ'mﬂ?ﬂmﬁwﬁu ANNIVLEFIBENNIIALTITBNGAANUNTIN
Wmmmﬂwum@u Lummmﬂuwwiwammm u,ﬂigﬂﬁuclﬁ'*ﬂumzmﬁimimL@Wﬁ:ﬂuﬁlaﬁm‘ﬂm
mqqmﬂmiﬂ@ﬂ@mm fgmanunssuutlagsasin  neey vinldinmmsnafiaanudesni s ugun S
ﬂ@fﬂuuﬂizmﬂimLﬂugmmuudmmmmau'ﬂumu L‘W’ﬂﬂ@]mm:ﬂ’m@Naﬁ]ﬁ‘ﬂuﬁ’]@ﬁid\ﬂuuﬂﬁ‘gﬂ ey
Mfiwmqﬁmm@L%ﬂm:d“u@@m%mlﬁ warduwa iy wazAILAEI A AN TENLREN INARTUS A
T LR E PP T E AL HE (PP PP IR ﬂur;]il”ﬁﬁLﬂuﬁ@a‘l,%ﬁqvﬂ”uﬂun’]iﬂ@ﬂwi’r&u WAL
meuilne Sediezneuniedesmeutlspliuelfoudu vastugiul fafildugnludssimalnadauluajinid
NaANTaL (potato chip) Dazdszanns 170,000 i AINFENUTENA Lﬁmmnﬁqﬁuﬁﬂuﬂizmﬂﬂ”\‘mamiﬁ
(Bureau of agriculture commodities promotion and laifieananan U fiaIn 19 189NEAINS WIRUE
management, 2014) ilimnsdgniudieaens  fineasnaiduduan wanAvldidiedliiamnmn
faadnesaiiies aannisananisafresdridnen dnnsialie v ldlduananselinn daowgiiaeld
wssgnan1ainems A, 2564 ﬁuﬂ?@ﬁﬁuﬁﬂ@n fnsdwiniugainansdszmaiied il
41,601 15 USunnunandn 127,932 fu Asdu 3.8 inemans Ieinndidsiiugiiuflsranuiag
susials (Office of Agricultural Economics, 2022) 15,000 - 18,000 fu wanannidail Toywidunu
Fananand liiudeliifleedanaufesnisnngly mimﬁmﬁqﬁuﬁ:ﬁudﬁ%\aqq dlasannAusuaz A
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Wuﬁﬁiﬁ']L%’ﬁ@ﬁﬂ&iwﬂimﬂﬁmmLLW@ (Office of
Agricultural Economics, 2022) TunnsnAnITue 59
WaNuguan (pre-basic seed) YEG) G, aiflusia
fufuaenlsaifiaumdn ddudiguanans 2 - 6
s Taaviallda1uau 2 - 3 siaredu deun
YU UNNINARgIDS 6 Lnsiedn Lﬁ'@ﬁﬁﬁqﬁuﬁ:
G, ﬂzgﬂm'fﬂL‘W'@Lﬂusfwla%%ﬁuﬁmmﬂ (basic seed)
wie G, lundastlgnaniwls (Meckhayai, 2018)
vnliinrugileniaazanaeslsaiuazunasAngig
denaliiasnifindn uenanniinnsdgnitanng
ﬁufj”qﬁmﬂqﬂrﬂ’mq@m@ﬂ@umﬁ@iﬁ’lﬁmm@mqqqm
ignananananasiniae s idasainniseauau
ﬁf]ﬁlmmmmma?mw]mﬂ@fifﬂmﬁqmﬁ@m’m y
laisiails sahidaauladnenisugnaiudfaitedy
Fauflasnislddandqnunuiu dedanilgnd
I IuBuTedRnTAFIY 7] W WNALAL UWNALAN
YNNI UAZNINENE L Lwe”lmﬂ@ﬂwwmmumu
waziamus AN RNz mmummuumnmw
il goelunstiaansu megui medhamenne
wazannsavinlisnaenlalddng

L3 aa
aUnsaluazisnns

LAUNITNARDILAZRINARDY
= oo a o
nsAneMaaesluaseil 16 mmumsﬂ@puu

tJi‘“\'i‘Lu‘lZNf‘ifauwmmﬁﬂﬁ“ul,l,mwmmmﬂgﬁmmm’

AL HARNITUNNTINEAT A ANe Al Td luitui
ANLIAMUEIYNT B1Nedime Aand adielisd s2udna
Wauduene 1 2564 D9 LA 1 2565 Tng
el Faiuguanuauiin funnsuasiugiiue S
AuiviaaenennueTns 1-3 [IUALAT AN
ﬁﬂiﬂﬂ@ﬂimﬁlﬁ?’ﬁqﬁuﬁ%qﬁqﬁiwﬁaqqﬂgﬂ GLRHE

=< @ o e , = ¥
@ﬂﬂ@\?ﬂqﬂuﬂj?Q@%?zu@q\?ﬂ@qqm@QQ\Tﬂ@]ﬂ Nﬂq?shﬂ

5ﬁLL@:ﬂﬂmqﬁwﬁmﬂﬂmﬁmnmﬁ“ﬂmﬁﬂ?mm 500
faAansAady Havun 15 a1 Tneldi]unaan
q@mm@q\iﬂqnﬁiwfi\iﬁqﬁuﬁ:ﬁmm i hulmaian
3.07 n§u, Waawasa 2.22 nfu, Twunaden 6.13
niu,

WARALTEN 1.96 N5, wNNILTaN 0.87 n5u,
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NMNdU 1.35 N3N wAYEI6RIMNTETH Usenausiag
Wan nasues 4anzd Tusau wazuueniila 0.05 -
0.1 n§u (Sutigoolabud et al., 2010) MM9ULHWN9-
NAaRILUUgNaNY Il (completely randomized
design) Usznausae Jangn 4 2in laun ganznin
(coconut coir dust) WNALAL (rice husk) WNALIAN
(rice husk charcoal) LL@"'VI?’]EMH’]‘U (sand) mﬂﬁ'u
‘mm?mmmmﬂ@ﬂ‘imﬂﬂ?mmmuum 9 N93NIT “
az 10 em Tneusiaznesidznimeaesiiteiuwasie
o fail T1 = PeNynF19 vz CC, T2 = gauzning+
WNAUAY (1:1) 38 CC + RH (1:1), T3 = gaieniin+
WNAUA (3:1) W38 CC + HC (3:1), T4 = guuzniia+
NN (1:1) Y30 CC + S (1:1), T5 = N9nemeny
Wa9 S, T6 = NI1UMNU+UNALAL (1:1) %38 S + RH
(1:1), T7 = N918ULIU+UNALAT (3:1) W38 S + HC
(3:1), T8 = YENTWFIT+HUNALAL+NIVENLNL+UNAL
7 (1:1:1:1) %38 CC + RH + S + HC (1:1:1:1) uaz

T9 = WNAUAL 430 RH %ﬁmﬂqmlﬁimmﬁmmiﬂm
lunatgn@eauin 5x12 ia 1Buns 4 Ans
NM5ALATITNAIRENITAR LGN

ﬁﬂﬂﬂi‘LﬁU[;l/']’ﬂ?;i’]\’ii/@&lﬂ@]ﬂﬁldﬂwﬂ 9
n9INID | Az 10 91 iz
NNNENINLATIAT L9192 N3N ULATNAINS -
nnaeereddanlyn Ussnaumay A NuUILINIIN
(bulk density), miﬁwjﬁ (water holding capacity),
AHNTU (porOS|ty) wazAlNLdungm- ﬂ’]\‘i (pH)
@mamfammﬂmmmn@u 1:10 Sapndaenetes pH
meter (Sutigoolabud, 2017)
nstufindays

ianasiiudayanismaans 2 d9u Ae
1) m@m?a&nﬁu‘l?mmﬁut]éﬁ dsznaumng lafidus
nrseen aruaudulnedusiusuduiisenudeann
LgnaTurlfsld 10 Tu uazvinnsdaanugalnsldans
Tandeanilgn’ld 15 Fu ndaannduluiindexya
nnﬁﬂmu’@uﬁqzﬁ’ﬂmu’zﬁ;mﬁwﬁﬂumilﬁmﬁm
NAWAR LAY 2) mitﬁu%mﬂ@mmammﬁumﬁ
Tiun Aanusuiauauia uusiaznsssis tnaAnLaan
W lf AN miieTLs A wazAnLdandad s
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AN wulsavizaid@aquanesn vhminii fag
ma‘%ﬁmﬁﬂmmmﬁqﬁud%ﬁﬁLﬁumuqum’ﬂmq
2-8 LTUFLUAT UATHARALUWNUNNGIATEFNAlANNT
AU UBRINAIUITUINIHARDLUNUAD ALY UAAEA
NIINAAS
NMFAATIZURANITNANDY
AArzfAanLlsdsaunteana (ANOVA)
mﬂ\iﬂ?ﬂg@‘ﬁ'Lﬁuﬁuﬁﬂﬁqm‘ﬂﬂmmm Sirichai Statistics
2014 (version 7.0) uazifFauAiadnfaeds least
significant difference (LSD)

NANITANEILAZIANTIE

MeIATERANTAMIINIEMWLAEIARLN9sENS
nauuazuaslan

andmAnIaNIanIneesdiantlgn (Table 1)
WU ARNTUILIUIINLR9T AR LN B 71INe 0.29-
1.68 NFUARYNUNATLTURALNAS SemnnamuLiug

m@mmﬂ@ﬂmmmvmmﬂumq 0.64-1.20 nisle
aﬂmﬁmsﬂummwmmm (Ong-Art, 2019) Fafu
N993A37 2 uaz 9 flAArnusuIuLsINTRENG
0.64 NFNAYNUN AT LTIUFLUAT NITAR7 5.6, 7 uaz 8
HAAINULIUULIINNINNGT 1.20 nSNFRgNUIAT
IURLNAT %qiﬂmmmwiﬂmiﬂqﬂﬁwﬁq usiiile
dhandgnaiudfauda vinlmasoiunuaznaaiio
Wuﬁﬂuslél“ﬂﬁ” n19undanFng ] Ndudiunas
vesianlgnarsiliamslisamuiuiiedaniy
denaldiaiinisaiyduiaiia Funisdurinses
Fangn wudn Sandqnililesidusnmsganinfianansn
ldlunsdgnivals wazdanlgnacsiinnianiis
fnifuANTUlERT 25-40 Wefidus TagiFunns
nAAerariy Supinrach and Supinrach (2018) $18811A1
Fangniiaaasiishsdaureaiuazenidlszann
50 sia 50 laifinnsenfauiuiegusaidedaniy
ynifeldliuy 4 sinftmanunsaunsnszans|fin
Nndiuresianilgn TmﬂLﬂfaa‘rl,sﬁum’mifé:miw'a\ﬁm

Table 1. Physical properties of growing media before and after planting of seed potato production

Treatment Bulk density Water holding Porosity pH
(glcm?) capacity (% wiw) (%)
before after before after before after  before after
T1.CC 018" 075  342° 383" 8619 559% 7.40° 6.49™
T2.CC +RH (1:1) 0.11¢  042° 358°  230° 913" 672° 695 6.54°
T3. CC + HC (3:1) 020 069 387°  340° 86.7° 61.7° 7.50° 6.56°
T4.CC+S=(1:1) 0.90° 1.12° 792° 568  61.1° 538" 757  6.90°
T5.S 1.18° 168" 281" 251" 516 337  6.99° 6.72%
T6.S+RH (1:1) 0.58° 127 724" 794° 751" 455° 6.63° 6.75%°
T7.S+ HC (3:1) 1.00° 149%™ 38.1° 29.7° 60.7" 400" 731 6.86°
T8.CC+RH+S+HC(1:1:1:1)  0.50° 129 934% 108" 77.6° 442° 7.70° 6.54°
T9. RH 0.08 029° 7.100 986  926° 783" 6.35° 6.56°
LSD . . . . . . . .
V. (%) 179 979 003 007 013 516 147 175

The means of each parameter followed by same letter within a column are not significantly different according to Duncan Multiple Range Test 5% (P>0.05)
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Ugnlusnfumsmaaesetsziing 9.86-383 ilesuusf
Tnedoninuds uazduanungu duiudndouses
ﬂa‘mmmﬂmﬂumQﬂQﬂMQﬂimm~iiqum\1Mmm
1939d01qn WUl Jangnneunimaaesuinnan
MAINIINARES Lummmmﬂ@ﬂLmeummma-
ivmmmLmvmmmqmmmmLLmnmqnu Slefiniamn
LL’]LL@“’lM‘JJ‘FJV]NWW]ﬂMWJ’WWL&’]LL‘L&‘L&?'JN‘IJ@\VJ@&\
dgnifiuanniu iesannisdnsaesianlaniile
danih denalfranamguaasianignaniasas
Jaenicke (1999) $7181911491 f?@@ﬂqﬂﬁﬁmmmmmu
AansiaatyiiulnrasNgAsidnaiuansdainega
50 wWefidudlnaFuang uuaiuteddneeniAuay
Thetneas 25 wafidus wndanlgniidesdnsannie
piAul azdenaliaueanisadennluel dadu
n27uA3T 5, 6 WAz 7 TAnnamgunsanimaaastas
N7 50 ilefidus Aclalunzausanisignalud s
(2020) lAAnHTanlgnduin
n1sugniinaan Red Oak Wu41 Au+NILNENFI9+
qauzwing (6:2:2) Wludandgnidaanamguliss
faumiledanih fantAinresnianiwandnie

Chittawanij et al.

wRenfeuiudanygnedingu doduuumslunis-
wrdantgnatinganenironndusifunimaaes
LLammuéwﬁufmﬂQﬂmﬁmﬁlu
WNFUNANITNA S 7 8 naavenuil uaed -
dsznay (T 4-8) ﬁmwwmwummmffmﬂqn
Wnannaudniies uaziietimena e ugu
q@mﬂ@ﬂmumumm@slmmmﬂ@ﬂmq’mumuuu
ANy m@@ummmu WAZAYTNNTUAAAY
WANFN9ANNWNALAL (T9) AANUUILLUTINT B
Janigniles (0.29 nfNAagNUIATLTIWALNRAT) LAY

Wearunaufunnaniudanlgnatinan dauali

AYNNUIMUUIINTBTAAL AN AN A ﬂwéfuﬁmm
AN NNNTY Bz Aboud and Abd-
Alrahman (2020) ﬁﬂmmﬁﬁmqmﬂmwm@ﬁm
UgnauaANIe LATNINEHANUNALAL (1:1) WU
NINUNANTUUNAUAURUUILUUAAAY ADNNTULAY
mafé:uﬁmﬁu%u
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N199LATIEHANINLTNNIA-ANY (pH) 284
AN ULATNAINIINAADY WUGN AeuLlgnet
71 6.35 - 7.70 uazndatlgnati 6.49 - 6.90 Haaa-
mmmwi@ﬂ’wﬂ@uﬂﬂucli'”\i (Table 1) Inthasan (2020)
nanqdn Auilunge-Ane Anasapauitudss el
2IFIHBINTNG mﬁ?{mmmummqslumq 6-7
AINNINAADY WL unauAudAAediunsasau
Lﬁ@ﬁ’]Lma‘uﬁummmuﬁuﬁmﬂqﬂmﬁmﬁlu Aana’bii
f?@ﬂﬂ@ﬂmﬁmﬁuﬁmwmﬂumm Anvanasnullsag
LLMI%VI’Nﬂ@‘LIﬂNLN@W]LLﬂ@UﬂWN@NﬂHQ@ﬂﬂ@ﬂ‘Hum
@um‘mmmf]mﬂumm mwmqmﬂ@nmmmﬂw
eﬂmfamm@mﬂummmmm Buachum and Towattana
(2015) WU MaBNwnaLA gl 1T ALty
vrlaanaflunsa-srafindy iesannunansi
fanwlusng Kannark et al. (1997) lanaaasnis-
liaunanunaua1ludnandon 1:1 uag 1:2 wudn
ArANLTUNTA-A19AN 7.40 LW 7.50 Auan AL
?ﬁuﬂuﬁﬁﬁqqmmﬁu iflesannunausiinann
nrsntsilaswdudiuunay Sanfueny
dautlszney R A duAne wazduian i
¢ge danannsgaydesinamsiivnaeudneliiu
1¥1& (Chanthai, 2012)

LG TR

m'imnmmﬁ'qﬁuclé'a:uﬁ’qﬂgﬂﬁuﬂiﬁ 10
U WU nﬂﬂﬁﬁ%%ﬁqmiumN@ﬂﬂﬁ?zmmwﬁ'q
FUp nasndsd 1-8 ilefidusnasean 100
wefidus 31 idudndanugniuunzausanis-
wnzlgnuazrensnanandudfald uldana
N19NAAaNU8d Chumpookam et al. (2016) AN
mmmmmanmmmﬁmﬁ@Lu'aﬁ'ﬁuﬁ Buauy GQ2
‘luffmﬂzgﬂﬁl,mﬂmqﬁuﬁq 7 48 wudn Janlgnd
HAFAN1T9aNTaNAnat 1 N TadNATyn19aD A
InenIszantudan Lm@mﬁ’wmwwmmw
Wi (1:1:1) umi\mﬂmwm e 93.33 1adidus
Lummmm@ummuumummwmﬁvmﬂmimm
n3renenuiinnssrunatiuaztnamennialds
wazaauznioleyniaauialug) nlddanign
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fipnalsuaziidesinamnnnindanygneiingu Jan
ﬂ@ﬂﬁﬁmummmLm@m?um:ﬂw:w%qmm
ansngatusine s idlean anduunausu (To)
Ddefidusniseanifie 30 vUasidus (Table 2)
Timnzansiansri 4 dudandvsidgniudss

wazealdinanluniseanuiundnnssuisau Ineld

981 15 4 aitenaiiiesannunaupuiipaunguge
waziamaNsnlunisgutinnn llanansainif
uazileld fldd Audulifoaneseniseen
gawinauels WefiansnnamiFnienianin (Table
1) wuan nsldunauAy (T9) alimRsaiuasanisaen
v09aT14els (30 Wesidus \asann unauAufipa-
NIUGIANHLN WLLAZMINAN wazdlpnam
g9 Mnliides919aesdandgnisinlddaaennia
lanansainiuin fiesnmas gl s
Weanaduiunissenaasionugla agnelsfini
wnauAuanisoliduianvidenansaniuianilgn
silnauldn Ae vinliagUqnuaniaa Ly
anae Sanumguiitanniu iadesinsenneliie
1% wasiminundresenstinld
'i’luquﬁ'ummﬁuclé'q:wiwdw 1.40-
6.00 AurageLlgn nesadanisuIudusiagelgn
sniign Ae geazniaunauau (1:1) (T2) 6.00 fu
fanlgn uaznsanAaf s urududeniign fe
WNALAL (T9) 1.40 Ausianatlgn FANLANFANG

atnateliadAnyRseAuAuTatu 95 wlafidus

n1gALdayaf1uAuIUAULDITUESY (Table 2)
WU WNALAY (T9) e aRaLaen lianuauAuaeg
ARl 59 1.40 usagelgnivingdu deldmunzansae
nnailgnaiineli wsiatunauRuNHaNTUdangn
aTARY 1T HANYUNEWFI+UNAUAY (1:1) (T2)
AU LT SN 99NN uLa L iis uay
muuuﬂlaqmnmm Aa 6.00 susianalgn Taneh
Yeinzninaiinien (T1) Haruusuaesiuelia 3.50
v Y 4%

Fusanelgn mazganeniafunaiesaniu
waTUILANEAsaLTuAaueNaNTaITRdan A
M liFuulfeanlides dauunauAuinisguun
v o v v o 0'/ dl k2 dl 1
Wae M lERuul Senuaziiaanigls Wesannly
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R I G R T R RPN IR ARG AL S
T9RAAARRATL Chindachia et al. (2005) AN®INN3-
ldunavpunaniuiansisaiin tnaAnudanilgn
~ ° o P a 6 va
Musnzanguiunisgnuziaamamesing laldmu
Wugn nsuandanignaiaunauiuianaiingu Ae
wuvwmqmmmmmLm@umu (1:1:1) N 19F5w
Ny Lm@mﬂmmummmmnmm
mmgmuuuﬂeq: NANNIANE WL AN
491988999 UNTI0g 211919 27.4 - 42.0 [BUR LIRS F9E
ANNLANFNN AT Aat Nl dadAyNssAuA
dl’ oI/ & & & Qdd‘d d‘
GeNu 95 wlafidus TnanssndsnmuganInign
B YUNZNETI(TT) 42.0 LIUALNAT LATWNAUAL (TO)
Hanugalasign 27.4 wuR e s ellilieasaings
v = { ¥ v % yal
nrniniaunguAaudgeuazguunlia faean
WNALALNH AHNUG TR B A UL EnF1ows
maganan M lansnanfiuacsauld fetinaieame
p - - v o L v e
waldlunisas i ulnues uiulss aannansiy
Chiota et al. (2015) laAnwnavesianlgnsanisin
uaznaes L0 2 3lla nFaumeunuay
wudn mstgnludangnvin il fsilanwausunay
PG INNNITUAL T ean1an Lszneusae gamznin
waanaw wazliaes
v a a o o Ja v @ |
dayaniaiasoii uinaesiunss 3 liudn
Yangnatin GeNzWE NEEEN LASINALAN HNase
s oyl UTnaesiuel$y adsldadAynieai @
(Table 2) TegemzninauaznaemenuanunInldluian
PP A4 o v o A d A a9 o
ameavioun naniuiagaindwinaldiduian
Ugnls lwaneiunausiasnsmiminauiudanlgn
a A o god o a a Aad o Y o
aipau IRl naesuALianf vl danpRaiu
NM9ANEIAB9 Hamdani et al. (2019) NWLINABRANT
wizeNan A+ emin+unauni (2:1:1) wuan vinlg
mmmmmuur;JNmnnmmiummmm@u SR e
AU Nurbaity et al. (2019) mwmﬁmummmmﬂmm
A emin+aeuendin (2:1:1) sl Ssgaige
Sutari etal. (2018) W41 ANFUNNINARDIN NANAU+1]e
WIN+YUNENT+unaLaN (1:1:1:1) Hanugs Al
wvminuwis uazdadouanduuarsnaeaiuliswnnign
WATNNTANEHIVDY Kijpakdeekul and Jirakiattikul (2002)
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Table 2. Germination, number of stem and plant height of seed potato production

Treatment Germination (%) Number of stem/bag Plant height (cm)
T1.CC 100° 3.50° 42.0°
T2.CC + RH (1:1) 100° 6.00° 38.7%°
T3.CC + HC (3:1) 100° 430 35.3°
T4.CC+S=(1:1) 100° 3.60” 40.9°
T5.S 100° 3.50° 38.2%°
T6.S + RH (1:1) 100° 3.40° 38.7%
T7.S+ HC (3:1) 100 3.70” 36.5™
T8.CC +RH+ S+ HC 100° 4.70° 38.5%
(1:1:1:1) 30° 1.40° 27.4°
T9. RH

LSD * * *
C.V. (%) 18.1 31.8 11.0

The means of each parameter followed by same letter within a column are not significantly different according to Duncan Multiple Range Test 5% (P>0.05)

i A iclgnTuiangn unnevenunauunay
AN UASVSEENUNANY ENg R naEs L TauAs
WuarAnaAngn
NRKAR
navasnisldTanlgniiunndietuse
panARsTLlSeuan 1y Table 3 m@miﬁﬂ‘m WU
mﬂ%’wmw%%l,l,n@uau (1:1) (T
mmumu’mmm 16.3 ‘m/mﬂ@ﬂ u,mnmwamqu
W ATYNadARLYNNIINTS mummummnm
u”wmfmﬂmmumumimm AT ALANNT Y
LL@Zﬂq?;I‘Vl’N“L&’]iﬂ LL@uLNﬂuﬂme.lm‘].lll’m@llﬂi.lﬂ!ﬂ
UENINANNN LA T R9TEN LN AR 18 9T
591 Fnvurinuinoiasiuslss wid ulfafignluge
NewFia (T1) ﬁﬁwﬁﬂﬁ’qmnﬁ@m 371 nfu/qatlgn
%I\iLL[Flﬂﬁiﬁﬂﬂﬂﬁﬂﬁﬁﬂﬁﬂﬁmﬁu%ﬂﬂﬁmﬁ% R EAT
wwaﬂfmmmwmmm‘mumimmm‘wmmm‘lum
uAnAUTI Wi Ties Lmvuuwuﬂmnmm
ma‘ﬂzgﬂmumq’lummwism@ﬂgﬂ’luﬁu
sreizilgn 85x20 [UFALNAT (srezilgnasndnesi 20
VIURLNAT 951M919U00 85 LaupiLumg) TEiniugiu
155 11,000 57/15 sravias lathanduanuflusiuy
Warals wud ganznia+unaudy (1:1) agli

azn1 Lirle
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SruuvisTurlfsanniigaadi 179,300 viasels sn
Wasundanilgnilszinmganeningiinbaozes
mwammunmamﬂ@mum@ummmmimnm
Suau LAzt sesulisannnindn sy
Lummnqﬂu:mmLﬂmmﬂgﬂwm’mumLLuu
eenwa liFunagannsonsasaeg L Haanusauge
m"mmmmﬂl,l,@:i:umﬁﬂé’ﬁ wnzgmiunislgn

9 (Supinrach and Supinrach, 2018) i’mmﬂ@ﬂﬁl
Lﬂumﬂuvwmm@mmmmﬂuvwmqmmmmm
fasm 2 - 4 \URLIAT S9ANsORARTRT S IENAN
LLmﬂmqmmmﬂqnfﬁummw (T4) (Figure 1e) ko
NIERANUNALAT (T7) (Figure 1g) N 1HIUIATD
ﬁqﬁud%ﬂlumﬂdﬁﬂiiuﬁﬁﬁlu TR LR CIVIITIER
WAL 5-7 iU i Wdswawiaiaie 5.10-
5.40 viastaqailgn dedlpauuansnmnsadfatneg
Tadnfryfisziuaanuie 95 wedidusd wiulddnian
Ugnafiansiaaisnsanin liilesidusdnisean a1uau
AU WAL mwmmmﬂuﬂé&mﬂm LAULNNNZAN
mmamq%@nim (Table 3) Lmeﬂ@nim‘vw
A wudn T X BN RN EOI BRI
anad anaLileannann mwmmum’lmﬂmmm
naniaLgniinlimseiinnisensa WiNTY dana
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Table 3. Number of tuber and weight of tuber in seed potato production

Treatment Number of Weight of tuber/ bag Number of tuber
tuber/ bag (9) (11,000 seed/rai)
T1.CC 12.3° 371° 135,300
T2.CC + RH (1:1) 16.3° 235%™ 179,300
T3. CC + HC (3:1) 11.2° 257" 123,200
T4.CC+S=(1:1) 7.80° 293% 85,800
T5.S 5.40° 184° 59,400
T6. S+ RH (1:1) 7.00° 278° 77,000
T7.S+HC (3:1) 5.10° 185° 56,100
T8.CC+RH + S+ HC 10.6° 277" 116,600
(1:1:1:1) 1.00¢ 12.7¢ 11,000
T9. RH
LSD * *
C.V. (%) 33.6 38.9

The means of each parameter followed by same letter within a column are not significantly different according to Duncan Multiple Range Test 5%

WHAMNNUILUUIINNINTUY AIINWTUARAY 97N
vz lnaresdudsildainnsnlddaddneainidrive
ygrla (Table 1) M lnNsiavdasasuaziawIm

Tunnanenfunimaaesau iian1sasieanunsle

v o’ =3 d"‘ a o Y o o OI/
PYaeaa wariniuaANTunnnwllin el
nan1guindels denpaeeiu Chumpookam et al.
(2016) W41 FanLgnNNAIUIDY AIULNAL+NIE
o P~ & A a a
WRNLHYRNENEY (1:1:1) HAonsduisnniiull fis

NN9EAFILUNTIL HN199zunetinuazszunaannials

dor Aeina WidundTaefiugiduaunn Ga2
Usnndauduisenisnhuazasluign
HAABUUNUNINLATHINA
NNIANANNTDIHARBLUNUNIAATEF AN
msﬂnmmm@mmwuﬁuurﬂm memmmmﬂ@ﬂ
g mummumm@mmwuﬁuumamwm
9 N9IXAD WU ﬁummmmwuﬁwmmlﬂnL‘Wﬁ“ﬂ@ﬂ
STurlfadailiduriiuguingns 2-8 iufiuns et
nanARFus T Tl ffiaansava ddu
ﬁqﬁuﬂﬁﬁu WU YEUHEWIN+UNALAL (1:1) (T2)
ﬁfﬁmfmﬁqﬁutﬁqmn%m Winriy 16.3 viarenalgn
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N

| o

11,000 %1 SN‘MN’WF;IENSL?ID\TJJ@T] 11,000 mmuﬂu

Tneialnnsugnifudss 115 Mdvniugaiud
TnaisaviasTugiluelfs 1 v Sfununauded 6 um
savia (Office of Agricultural Economics, 2022)
gedgqnenAigeaz 1uan fasian 4,581 uan
AT 50,000 L9 ﬁunuﬁmﬁuﬁﬂmﬁmﬂqﬂ
winudaundgn 1 1s Mdwawuguazgelgn 11,000
W fispniahudniiaiugilszinn 66,000 L
st ilerian A nudusuaudiasels wudn g
uzwia-HunauRY (1:1) (T2) Wanuauiguelfaunn
fignagd 179,300 varels uaziflatiuAiuan
HARBLILNUFRFWNU (B/C Radio) %38 BCR siagilAn
snnnAviswinTLIT Seflpnnadim wudn STl
filgnludandqnaie quuswiia+unauiu (1:1)
IuanaLununnnfign Ae 6.38 win sinlsddaels
qw%mﬂﬁ'qm (Table 4)



naasdanlgnsanisiasyiaulnuaznananuasiuels

T2=CC+RH (1:1)

(b) (@]

T7 =S + HC (3:1) T8=CC + RH + S + HC (1:1:1:1)
(9) (h) (9

Figure 1. Formation of seed potato
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Influences of Irrigation Regimes on Growth, Quality and Yield of Marigold
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Abstract: The study of the Influence of different irrigation regimes on the growth, quality, and yield of
marigolds aimed to determine the appropriate irrigation rate and the efficiency of water use of marigolds.
The experiment utilized a randomized complete block design with four treatments: daily irrigation at 10.62
mm/day (farmer’s conventional practice), daily irrigation based on evapotranspiration (ETc), and irrigation
at 30% and 50% of available water capacity (AWC) depletion. The growth, quantity, and quality of
marigold flowers were collected. The results showed that plant growth in terms of plant height, canopy
size, and fresh and dry weight of flowers by the plant receiving differentirrigation rates were significantly
different. Daily irrigation according to the plant evapotranspiration rate gave mean plant height, canopy
size, and maximum diameter of 64.13, 55.03, and 6.89 cm., respectively. Fresh and dry flower weights
were 13.01 and 1.83 g/flowers, respectively. Water use efficiency was 3.41 kg/m’while and irrigation at
50% of available water capacity (AWC) gave the lowest fresh and dry flower weight values 7.45 and 1.18
g/flowers, respectively. When considering quantity and quality yield, it was found that the yield and
quality of marigolds from the four treatments were significantly different. Therefore, daily irrigation at
the rate of evapotranspiration (ETc) was the most effective method for saving water and ensuring the

optimal quantity and quality of marigold yield.

Keywords: Marigolds, irrigation, growth, yield, flower quality

457
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



M5ATNEAT 40(3): 457- 469 (2567)

unAnta: nsAnEEninaresiansiitihfiuansnstusenisiiuls AT UAZNANAATBIAIILTDY
ﬁf?mqﬂimqﬂ"Lﬁ@ﬂi:Lﬁué’m’]mﬂﬁ’ﬁfﬁ{mmmu wazilszAnsnmnisldinaesnnades Tagansununig
naaeduuuguluufananysnl 4 n9snds taun ’LﬁﬁmnfmmmLm:rmmﬁﬂuﬂﬁﬁ'ﬁ (10.62 NaduATART)
’Lﬁﬁmm”umuﬂ”mmmimmxmmmﬁm wazliindedsunanin s lomaldluAuanas 30 uaz 50
wWasidus aauafu instuindayaniaiuls USuuuazAnInAanaA19Eed Nan1IMABINLLG N5 W
1 lunssuATRANe T zﬁ'amaiﬁmmm TUIANTINS hainaa waziminuiiaesaen uAnsnsednad
UEAIATYNINATA WU mﬂuu’mmumwmmmmimmvmwmwﬂumLa@ﬂmwmmu PUNANTINH UAE
Wi AueNatagegaini 64.13 55.03 UAz 6.89 LTURALIAT ATNAIAL Fntimingauaztimein wke Wi
13.01 uaz 1.83 niusenen AuaAL UszAvanmnisldii Wit 3.41 Alaniseqnuiariiums Tuaniziingg
Whindleunauh s tendldluauanas 50 wedidus ‘LummwﬂmLmvmuumm\ammm Wi 7.45
uaz 1.18 niusianan AusAL afiansoudiuliun uazAunMNANEATEIAAN AN TR WL a4
nTNA R WNARAALANANri At nw’lﬁﬁmnffumué’mqm@mmxmmmﬁm Lﬂumﬂﬁﬁﬁﬁﬂ?wﬁmﬁqm
meﬁmmmmmﬂumsﬂqﬂmqGﬁfm%\ﬁﬂ?ﬁmmﬂ,mmmmwmmam

AAATY: A1F8 NI N MALASIUALTE NaKAR ALININASN

AN panaaEasiilsrdnsninlunisaiuassiiusyya
dasy uazihun ldiduanayulnslunisinunlsals
AN9LFRY NTN1H1YB9DUNI9AALTIET (Manikandan et al., 2016) T ¢l Chew et al. (1996)
“PanAY” HTeananAansin Tagetes erectal.  $1891U31 @1TATARINABNAIITRINONT IUNAS
1 R . d‘ Y o o a < o :// a aaa
ag/luned Compositae Aaisasnidgniulddnnen  desduniafialeanzife dudeniafindfizen
1 American marigold 138 African marigold v autooxidation luwtad l18u wenanndunelusn
¥ A | @ A P o = s a .
Tdnanfidgndne uazleda lidesiilsn uazhual AaEesdaiiansuaannefisatia (aterthienyl)
TUN (Ketsa, 1988) ilufitduan sndunanss uan - Gudugnsfianansnauansinoldineudenluiu
Anlunugeszunns 25 - 60 lruRiums ﬂQ’]N“ﬂu (Promthong, 1998)
Furingagszndng 50-80 1efifus g oungfif T w.a. 2562 Uszmalnadnuilgnldnanls
wnzansenisaseALInuazniseansanetf o dszauiadsewmadszanm 67,203 15 HilFunninns-
15.6-18.5 aaALmaLGed ANAd1NLTUNTA-ANY (pH) A48an 27.51 Wusl Antduyadi 513 AU n uay
6.2-7.5 WudN mmwrj”umqﬁﬂﬁﬁ REICELITEENN Fnnunisid 2.62 s Aadugart 171 a7u

M ArduNan AU AT fagluanindu 19 (Suwanmek and Puengwikrai, 2019) aeid iy
u mﬂmvmummﬂﬂm@ﬂimmmu (Palasri, 1996) UgnaaFeassdsvnalnaianun 2,815 14 e

mrgLifmmmmmimmuimim LL@‘“ﬂ@ﬂvLm‘V]ﬂ iufeananan 3,887.50 13 waznananiuien s
mmwwuw Ugnlanasnggnia & fergninfudes 3.1 uAlandu (Kitithanawat, 2020) andayanis
dfutlsranns 60-70 (Department of Agricultural deaannudn Uinnnunananeesldnanldlsemy
Extension, 2013) ffaqufunisilgnanaidesuanain  gedn 3 Sudiuan Ae uzd maides uazdvumn dedl
Ugniiiefnnenanauds deanmnsmiifldsslend  yasuandawintu 288,152 595.52 uaz 1.44 d1u
"Lé’wmﬂmwgﬂ LU L s FuRnuseaniud 11N AINANAL (Office of Agricultural Economics, 2019)

UszAuaTueInng wazandunssuanadaiue  Taeiuinislgnanaieselunanzduan nanans

458



ANEWATRINTINAANSIALTA AMAIN UWASHARAATRIAINTDY

LATANALUNLE NANARLRAL 250,000-350,000 ABNAD
15 funulunisu@nni913e9 1@ae 30,000-40,000
unrieldfens uaznaneuunu ;e lfiady 160,000-
200,000 unsaldsiangign (Bureau of Agricuttural
Commodities Promotion and Management, 2021)
Taqiiuilgynidvudainiululsyina
eafuilszannd Tnaenizunnniawmile naa
ATTURaNIRLLNNE N1ANANY WATATARZTUARN
AUUAYAINANIENLABNNTINEATLAZULUAIUN A9NA
WUl gzinniaasyiuln nandannla
ANINAY N linasdanisdndudadadidnylu
nasuilafeymndsuds slinvesiie Waalasng
fiean1sun luLFuN N uAnm1eiY (Singto, 2021)
nsldunaesiia iulFuiuuiaunanga@sann
¥ 4 . ¥ 9
nuniwzlgngdussannialugiluecleun dsenausos
NN9ANEUN (transportation) LAZN139=LAe (evaporation)
aal v ’(; 1A i‘/ v 1 Yo z a
Janasbiiuninaafaztios o wiiesafaziinis-
qruidathlaanissemennn wadh lilaaaiaazdas
annnsszne ldunnesauiaasdanides wavds
aslihAuldluRwlaannan (Boonyatharokul, 1983)
vy TN LA NTet 9T U Ana N s asia o
- Y 1, .z -
tadFunauinnseslflundazass Inafaisainann
= ~ a g A
ARNANTB99INAT UTHIuAINqA NT UL
dszlomd Bunuiuiinizilgnaaiuilunisliun
Aannsliiuuusing | Iae Vijayakumar et al. (2020)
91847191 UseANan1nngldun (WUE) 289a19(504
naldaniazaudu 2 sxau Inaldisn1saaunu

ANNTULLIL gravimetric A1 100 wag 70 Lulafidusl

FC HANATANMANLTN AN 100 wlefifusf FC
ABNARETBINAN BTN AU IUINET N191aT Ty
Wulnlusiuaangs aAaundne idulnguednana
e 1uauie Sruulusiedy AN muAzNaLAR
TresaAnITiAnai 70 wesifus Fo aeinalitiadAty
faviutlszAnanannasldn (WUE) AR2uFU 100

Wafidus FC Aa9iAIAININANNTY 70 tlafidus

FC uddnan@nuinnan iesannianilgnaiels
AoNEY 100 wefidus FC Annsldilsylaaiainin
e laimwindanlgnnnals 70 wWasidusl FC Sujitha

459

et al. (2020) AnwannstlssunndnduilsAna i
fusunananaBeslulseuniinigldinuummen
WU ANEULlILANNT (Ke) drvsuaiaGes Hen
wananeniuldlunsazszaznisasduln Tnad
An 0.37 luszazSudu (14 Junasdinailgn) dp 0.8
Tusraiznand (35 Junasenelgn) uazilan 0.47 Tuszay
qaning (60 Sundsdnalgn) wnnzduiuinemans
TunrznausnnsliiuianaGes Taaanansnlsiin
urmaBecluszasGuduieaniiluszaznanauas
szazqaing e lianaBedldfurhednafiemeuas
mnzan valdanaFesiidnnisldia (ETc) uas
fuilssansnasldinanas nasaulaianasyinly
1sg@nsaiwnsldtinanasdae Matchamek and
Puchai (2009) ANH1ANENATBINIPINALNTITFE
NANART2IANL TR IuALTIULUNIE NUdn Raen
dognianztlgn natdtgnlumusautunaaiEanm
AuRasglFtinmn 1,117.01 Hadiums (1@t 14.89
Hadwmssadu) dounsiitgnlu Auwdendfiunm
AruFaInslEnn 1,153.34 AAALNAT (L’ﬂ?ﬂlﬁl 15.38
NafIRATFaTY) Poruksa et al. (2002) lAnnn1maans
‘]JQﬂﬂ‘numW'ﬂ’]ﬂﬂ’]i‘ﬁmﬂ’m’]ﬂ%‘i’mﬂﬁﬁ“ﬁ (lysimeter)
wunaan aaeanalqnitaiimsldinmm 542 ams
slan® A9yl UTANI9AIBAINGS ATUIUF Y
Sl Tun sl lufievna@ eadi Weiss
(1983) ﬂm:mmﬂmmm@@mqmﬂmmmmu mﬂﬂ]m
Yamun 360-376 mmum 2 eI FIILBl Limfamumwm
aenpenfTdasnsin 35 uefifuies Bunnsiama
i::ﬂz@@ﬂmﬂmuﬁq@:mlﬂ?mlﬁuimLﬁmﬁﬁmmiﬁﬁ
45% uazsvasinGuunaudaAURaf e mn iRy
20 wleifurenBnnaimaun Tugouresiinauna
W91 La‘j@ﬁmﬂ‘ﬁ'ﬁ%ﬁu%umm?mLﬁu‘ﬂmquw’m
wazAnNIWIaInan uua Ty AN i
A g i AuA N dentsTeeRein1inns-
WAL TAN IR AULAZATININTBIABN AN A
(Prakunhungsit et al., 2001) m@m@miummmw
mmmmmmﬂmmﬂuﬂi Tamifaeafauniy
(Wuttichamnong, 1986) muumﬂwmwmmmu
sl Teene TN TN YaN §NunT0Tae



M5ATNEAT 40(3): 457- 469 (2567)

Lﬁum@mammemmwmmﬁﬂﬁﬁﬁ@ﬂm 49 (Zhu
et al., 2004)

‘lun’m‘m%mm’mﬁ‘mmqqmuum ndsrau
ﬂmmm@mmm nslineenafitsyAvaniwaadly
mmﬂm@mqmmmumsmwm‘Emm@wq Tu
annmuaadeniuiouds nsliinunniAun s
m@ﬁﬂﬂ@'n’mzﬂmtﬁaﬁw NNITEANAINAIL VDAY
ez suNInszanaaedlsn Tuanieinislsiun il
mewammam@m@m@m@mmmwmﬂ (Thongpae,
2015) Fatiis n’mnm@mummmvmmwaﬂnm
smsmsliinfmunzausansEuln AN LAZ
NANARTRIAN913D9 waztsuiiulsedngnannisld
Va9 Faalusssunnslsinfumnsinarin

d a
AUnsaluazianng

=2 d’l o a A
nsAnEIlALUNNTAReIlgnATes

o & P = - LA
Wug W lmansdan aninas leng 271 Tudqasien
WOARNIEIU W.A. 2564 TUABUNNNINUS W.A. 2565
 AueRAuasAuAHNaLINNINEATUNLTAEY AT
INEASANART Nu1anenagaslud (azfqn: 18
8461 45 A1lAn 53 WAL nile Laraasaqn: 98

a

84A1 55 aA1 50 AaLan peduean) HiuRgeann

s2AUNTALNUNA UsTunnd 345 Lms %aﬁfqmmﬁ
zg\izgmmeqmmqﬁﬁmm@?{ﬂumqLqm‘&u winfiy
28.78-32.56 LAY 12.30-13.11 @4ANLTALTE AN
A TP TURE 73-74 wefidus uaztFunny
vinelugeay 93,6 Hadwms (Department of Meteorology,
2021) fwnururesiiunulameseuiufudouly
N9 Hdndruietaz1a9oyn1ANgIg (sand) nane
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N9tz fuERINNITAN TN LN D
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AWC = FC - PWP @Nﬂ’ﬁ“ﬁl 2
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(Liang et al., 2006)
WUE (ilanfusiegnunsriiums) =
saaTan YA
LE‘mmmﬂ%ﬁqﬁmmlumm?m
FLIRAEADANANAR AU 3
tunndayanisiivinaesaiaizes laun

MNIIAAIINEGS (UFLUIAT) LATIUIANTINN (LIURNAT)
ynduai-duszazinnn 8 dulavindedadgn
flszazifiuifien (40-90 Junasdeilgn) 1unindays
LanAn Tdun S1uaunen tminanuaztinuinue
AU AueEnaIenen wazlFNIINANANTIN
YRIABNANGITEN

NANITANBILAZIANTOE

mauulem

AYTNEY LATTUIANTIN

AnRaMMARBLIn Fanslinfunnsing
AUANANTENUAS ANNGI LATIUIANTINNT D
Aai3eq adneiludn Ay fisziuaanudesu 95
wasidusl (Table 1) Tnefiszes 63 uasealgn
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Table 1. Plant height and canopy width per plant after being supplied with different irrigation treatments at
3542 49 56 and 63 days after transplanting

Plant height (cm) Canopy width (cm)

Treatment

35 DAT 42 DAT 49 DAT 56 DAT 63 DAT 35 DAT 42 DAT 49 DAT 56 DAT 63 DAT
Control 41.40b 52.35ab 60.64a 61.20ab 62.54ab 34.78ab  40.30ab 47.30ab 51.55ab 54.68
ETc 43.71a 54.71a 60.68a 61.84a 64.13a 35.61a  42.15a 47.60a 5248a 55.03
AWC30%  39.89b 50.70b 57.64b 58.18c 59.79b 33.94b  39.30bc 45.70ab 51.16ab 55.20
AWC50%  41.23b 50.24b 57.14b 58.59bc 60.29b 33.55b  38.05c 44.88b 49.83b 52.68
CV(%) 1023 1210 1071 1110  12.06 9.72 1194 1204 1149 1299
LSD * * x * x * x x x ns

0.05

DAT = day after transplanting

* Means in each column, followed by different lowercase letters, indicate significant differences based on LSD at P < 0.05

ns = non-significant difference

WANFANARALNTINITN 1 waTUanaINusTInL9n
naslidnfuansineiulidvialdauiansannaes
A1aFaLANANtuat el dadAnyn1eads Tna
Al al o 6 v A , " o
N3934959 3 1 WA 30IRIUIANIINK Wi 55.20
a U 1 9/%’ Qdd‘
VILALNAT 7998910 Lawa 19l Tun9Inash 2 1
LAY 4 1WINY 55.03 54.68 WAL 52.68 LIURLNAT
paNasL andeyanansliiiiudanisliiiniunssy
359 2 FadunislidinnduniuAinisatessmesn
ARG ﬂifmmLzﬁumﬂﬁ‘uimmmqf'&‘miﬁﬁﬂd’]
mﬂummmﬁmmuj FeannAdeInIIANE 104
Poruksa et al. (2002) AN dlaldriniuaanu
Frasnisaading AransoiAulaleasm dilasidust
n13eanAan ANINLASUTHInHANARR LWL TN

WNgTu uazdaaannisldunls 10-20 lafidus

MuARRAUNNIANENRY Singh et al. (2021) fiFnE
m@mmmm@:ﬁ’umﬂﬁﬁﬂm'amsm?r:yLﬁuimu,m
nsuARAenTasA1nFes Taanaaeslitinnn 3o
5 526U 71 60, 70, 80, 90 uAZ 100 LWefifusecsn
ETc MINAIAL WU9N mwzgwﬂ\ir?’fw,ﬁuﬁu@ﬂ'wﬁ
ﬂﬂﬁﬁﬁmﬁ'ﬂLﬁ'mﬂ?mmmﬂﬁﬁﬂﬁﬂuq@?ﬂmmzq@
du Tneluggfen ArNguaesiugegn (68.37
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wuRimg) Waldinfszau 100 wefidus ETc uaz
lungrufifivualdunisneuaueduhaaiuiugg
o = = 9 3 >
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a =3 a o ddsll dl o I's
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. A a = T X A o
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91 nsliaNngssnen 2 dedlunislidmniusna
ANNNTANEITIMENTesNT M ldnsRuInsuANN-
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ANDg TinanAnuIminanuazuIniinuiaes
dounilafugendanisliianiaanuden 33
wadidusT Tuaneh Armitage and Kowalski (1983)
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Iianismaseslaanisliinna i luaaunn
wansineriuluszudnenistgnlulseden uazyinnis-
WesuiauAunInNTeInanfiyiauaIn1siuiien
TuAusg 9 1 e1gn1sldeueaen AIINEID
TENANUABN WATANEIUENNNIENINEY °] NANITTAE
wWud AN lunisliindnasenmunInaeInan

oo g d o o
wleudenanfiuineas Inanisliinluaaudn
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panlianysal Ao lasuun lulFunnigeduamin

¥ o ¥ P d‘ Yo %’

widnazAf Ng1aafuNInnd ngn e fuualu
ﬂimmmu I mﬂuuﬂuﬂimmmum ANLAY
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(Kramer, 1969) %m@mﬁmﬁumiﬁnwwm Buriro
et al. (2015) Fnudn AaATEAAINNTINALN LAY
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U UULAZANINTRIAANANINEDY

sl usnanest 4 nenia (Table 2)
AINAFBLETNIUATATININTBIABNATDITEY BEINIT
Had1AunNans laalFunuNananIINaaInan
ANALTEN L@?:'ﬂmgji:wm 615.25-1,046.23 Alanfusie
5 mﬂﬁﬁqmqﬁmnﬂﬁumumﬁmfmﬁimm:mm
(N230A37 2) M 1iR19 159N BN UNANARNTINGS
1’7‘1'@@ winriu 1,046.23 Alansusials ?ﬁ'\a@qndfm’m‘iﬁﬁf]
Tunsssdsa 1 edneiiidnAynneain eendlsfinnm
TdwuarruuanAs 19 lFuNuNaRARTINADN
PBesRlFaNNITAET 2 3 waz 4 dwsniminas
LL@uﬁfmﬁmLﬁq Lﬂgﬂﬂmﬂ@ﬂﬂﬁ'] Feq wudn sl
ANM NITNADT 2 Mmmmummmmm?mm%m)
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Aanan ﬁmqqmﬁmﬂummmﬁmw 31 uag
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UAT 6.76 LIUFLNAT AINANAL IummVﬁmﬂﬁﬁﬁm
qumwmwmmuwﬂgm N98AER 1) Haun
Lﬁummmmqmemmnmqwmmwmw 6.75
[uRmns usAlaiuansineannnssudan 4 (Wiile
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Table 2. Effects of different irrigation regimes on fresh weight, dry weight, diameter, bloom flowers,

and yield in marigolds

Treatment Fresh weight Dry weight Diameter Number of flowers  Total Yield
(g/ flowers) (g/ flowers) (cm) (number/plant) (kg/rai)

Control 11.81¢c 1.75b 6.75b 2750 b 85552 b
ETc 13.01 a 1.83 a 6.89 a 32.16 a 1046.23 a
AWC30% 1254 b 1.74b 6.85 ab 31.81ab 983.95b
AWC50% 7.45d 118 ¢ 6.76 ab 29.33 ab 615.25¢c
CV(%) 2.37 1.67 1.24 11.71 1.67
LSD * - * * *

0.05

DAT = day after transplanting
* Means in each column, followed by different lowercase letters, indicate significant differences based on LSD at P < 0.05

ns = non-significant difference

Treatment 1

Treatment 2

Treatment 3

Treatment 4

Figure 1. Flower quality of marigolds at the flower blooming phased, receiving different irrigation regimes
Treatment 1 = Control, Treatment 2 = ETc, Treatment 3 = AWC30% and Treatment 4 = AWC50%

ANTITEIHAIUIUABNGIAAT 32.16 Aansasu  AueeINA dwansznuselidnmnisnelazessn
Turuginsliinnunssndsn 3 4 uaz 1 Wiawau  waznisgasisaianan (lulnsiau veanesa uas
ABNLRALIWINTL 31.81 29.33 LAY 27.50 AANFADAL Inunadien) 189N Tanag (Kramer and Boyer, 1995)
ANNATAL T9aRAARRITLNITANEIUEY (Prakunhungsit ef al.,
NanTANE LR LGN AN 2001) ANLiuAeafudn nsliRLAINA8INNT
ANNFBINIIIRINT (N37125N 1) M IRanmInEeed oAU nIaInaNanas uaziiANegyde
« Yy ¥ PR . ¥ ,
TUALANAY LATADNINIIAENAAAY iatanaLiluli] ndudselagfaesNannnau (Wuttichamnong,
b7 £% 90/ o Yo 1 = < £ 901
Teans i inun NN It aednarean ANl fassin 1986)
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siaman (Office of Agricultural Economics, 2019) Lﬁlﬂ

AANTUIADUNTNUAZHIATIIUIBINBNAIETRINTIN T
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Banninaldiilunisrananaies (Table 3)
wugn Mslmansss@a i 1 Weinasinenansies
Uf)1iR Tﬁ’ﬁwnﬂﬁuj oz 2 Ak Trauensliinidu 2
1291an AR A1 (7.00 1) wazaa il (17.00 1)
ludnasan 10.62 Hadums El%ﬂfﬁzgmmﬁ' 1,529.28
gnunArfumsselisiangnisuan Seannnda nenids
2-4 aeislviadAnymeans adnslataalinuaau-

' ¥ oo ' o ¥ aal
WANFANTE9T NN A M 3vdnanns IR NNIINA T
1 2-4 nlduneglugag 304.91 - 306.82 gnuIAriLums
sinlssiengnisdn

Lu@wmﬁmﬂimmmwmﬂmm "IJ\T]J?ULNLL
iﬁfaqﬂﬂ?‘mmmmmmwm (Table 2) a3 unnuin
‘vﬂmm‘wm (@UN"9T 3) WU AT sz ANEAINNAT e
mm@ﬂ@m‘vmw 0.56-3.41 AlanfusiagnunAriiums
atinglafma nTlT N uANFNaTa 4 N398R dana
Wlsr@nsnnnnslfunaeannBennmneiuesned
ddrArynvata Taenssndsn 2 nagiiynduniu
dmsnsAeszive HAsr@nsninnisldungegn
Wiy 341 AlanfudegnuiAmiuns uslduansng
a1nNN13 171N TN 978357 3 way 4 RHUsc@nsan
nslduinwindy 3.21 waz 2.02 Alanfusiagnuar
AT ANNA1AY TuueAni3 MU ANNNTINAEN 1
Huse@nsnamnislduinsnngawindu 0.56 Alaniusia
anuAfumg uantsAnen luafsiiuanalmiiudn
NN MUY NN ARANRETRININAUAINA T
44 o e o ¥ aad Ao
FalaFeunauiunis N mNNTINATN 2-4 Taled
1 TnedssliNaNnAIERIINITANEILLNETRIABN
AN138 (N9INATN 2) Fonruaniflunisguuizes
a Qdd‘ al a a % %; 1
A (N93NT57 3 uay 4) Hilse@nsnimnisldungand
n33:987 1 @i lilszudnnisldunlanedasas 80
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Table 3. Water use efficiency of marigolds under water application

Treatment Total water application (ms/rai/crop) WUE (kg/ms)
Control 1529.28 a 0.56 b
ETc 306.58 b 3.41a
AWC30% 306.82 b 3.02a
AWC50% 30491b 2.06 a
CV(%) 16.7 17.3
LSD * *

0.05

* Means in each column, followed by different lowercase letters, indicate significant differences based on LSD at P < 0.05
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Effects of Foliar Amino Acid Sprays Combined with Fertilizer Management on
Growth and Development, and Yield of Amaranth (Amaranthus spp.)
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Abstract: Amino acids (AMN) are a type of biostimulants which can promote plant growth, enhance
resistance to both biotic and abiotic stress and potentially reduce the need of chemical fertilizer (CF) for
crop production. This study aimed to investigate the effects of foliar AMN application combined with CF
management on growth and yield of amaranth ( Amaranthus spp.). This experiment established in
greenhouse and arranged in completely randomized design (CRD) with 5 replications and 4 treatments as
follows: 1) control, no CF and AMN application (T1), 2) applied CF at the recommended rate, CF100% (T2),
3) applied 75% of the recommended CF combined with foliar spray of AMN type 1 (T3) and 4) applied 75%
of the recommended CF combined with foliar spray of AMN type 2 (T4). The results revealed that foliar

with AMN significantly influenced on growth of amaranth including plant height, stem diameter, leaf width,
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leaf length and leaf number) at 4 weeks after transplanted (WAT). T3 treatment showed the highest value
and was not significantly different with T2 and T4, while leaf greenness (SPAD) showed the significant
differences among treatments at 2, 3 and 4 WAT. Moreover, applied CF and foliar with AMN affected on yield
parameters (dry and fresh above ground biomass and leaf area) and concentration of nutrients in above
ground biomass of plant (total nitrogen, phosphorus and potassium) in the similar way, that T3 treatment
gave the highest value and not significant differences with T2 and T4, but showed the significant differences
with T1. Overall, it was found that spraying amino acids combined with fertilizer management influenced

growth and yield of amaranth, which can reduce the use of chemical fertilizers by up to 25%.
Keywords: Foliar spray, amino acid, growth, yield, amaranth
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mixed, semiactive, isohyperthermic Typic Haplustalfs)
(Land Development Department, 2023) ﬁﬂuﬁﬂau
15 Alansurensznne deilauiAAus Table 2 ¥
Anssatnlngldtintlsziln 15un0 200 Hadansse
nszn1e ndulunaidi nsldilond dilandgns
15-15-15 zﬁ’wm‘*uﬁﬁi‘“uwm@@\iﬁﬁﬂwﬁldﬂmﬂﬁmu
EMINFN 7] A Table 1 Tneldnn 5 Sunaainnisdne
gn a1uau 4 ¥ nINUNTAeY uiuﬁnmmh
Usenaudaenanineinsaesdly 2 990 Auanann
ﬁmqﬁuﬁﬁhqﬁ“u (U389 INBATEANT A1 A) fa
antBuansneiu ludusineimisdiiuanslu

Treatment Description CF (15-15-15) rate (g/time) Symbol
T1 Control (no CF and AMN application) 0.000 Control
T2 Applied CF 100% 1.500 CF100
T3 Applied CF 75% with foliar AMN1 1.125 CF75+AMN1
T4 Applied CF 75% with foliar AMN2 1.125 CF75+AMN2

CF = Chemical fertilizer

AMN = Amino acid
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Table 2. Some of soil properties before amaranth cultivation

Parameters Values Interpretation
pH (soil:water = 1:1) 6.90 Neutral
Electrical conductivity; EC, (dS/m) 0.53 Non-saline
Organic matter (%)" 1.62 Medium
Available P (mg/kg)” 56.22 Very high
Exchangeable K (mg/kg)” 109.91 High

= Walkley and Black method (Walkley and Black, 1934)
? = Bray Il method (Bray and Kurtz, 1945)
= Extracted with NH,OAc pH 7.0 (Pratt, 1965)

nszana Nndulunandn nsldflandl 4ienigns
15-15-15 drususnfunanesfiinisldilaniinim
&m316i14 7 A3 Table 1 Tneldyn s Jundainnede
Ugn Auau 4 A% NTNuNIRez m‘iummmh
dsgnaudasndaiuaenesiily 2 9da findaain
fﬁ“mqauﬁ'ﬁiwﬁu (U39 inwmsadng 41n) G
andmuAnsfeiu ”Luﬁmﬁmmmiﬁqﬁmmﬂu
Table 3 e d8Rsdau nanasfilusinszah winfy

20 AAART : 20 ART ATNATBBEUIUBILARNS T

Taaninisnulusnsn 10 Nadansse 1 A (V7e
ﬂuﬂiwmﬂimawuiumummﬂummwm@ﬂumum)
wioununisldileadl (Wunn 5 dunasianisdne
Ugn Auau 4 m;“\i)

nsiiutufindaya: Uszneusdiadaya
NITLATYLALTA NANGAR WATANALTLNALNANAR
TneAudeayanisasaauinnn < 7 41 (1 4dani)
Wuszaziaan 4 §Uanf dsznavlddan araugs
2AaRw AKLdeqlu (leaf greenness Tuniag
24849 SPAD) ﬁ'ﬁﬂm%@\‘i chlorophyll meter (Minolta
Co.,Ltd, JAPAN, SPAD-502 model) A31HE1Y AN
n319 wazanuauly ‘Lwnm ﬁiﬂu@mmﬁm uay
ANAUTENALNANAR m‘um@mmimumm (4
dlmnvivaadgn) ﬂﬁ“”ﬂ’ﬂ‘]_lﬂ'mu’muﬂ@mLL@’“‘H’]‘M‘LAH
Wisreegaumiledy Ruillugaeda leaf weight
method (Phraprasert, 2007) AN NTWUR9 N, P

waz K fanuaiazanluiadiumiiony (Attanandana
and Chanchareonsook, 1999)

N193LATILUNINEDA: TLATIZHAINN
wig199u (analysis of variance: ANOVA) 183 H A
NN9LATIYLALTA HANAALATANALIZNALNANGR
mmmumawmﬂﬁiﬁmumm vifFauifiaunanu
LLmnm\‘imm@ﬂmfm% Duncan s multiple range test
(DMRT) mwmummwﬁ@uu 95 wafidus u'aﬂmﬂu
nN9aAIITHRNAL T NALNAN (principal component
analysis: PCA) finnaun e An AN LANFNg
TEMINUAAZATLNNINARES IneRlATziasAlsznay
NANANANMNANAUTIZNININRTYLALTH NaHAR
wazasALsznaunanansne naldllsunsudisagy
Rstudio AISUNAATZIMNIEB AR
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Table 3. Some of chemical properties of amino acids applied in this experiment

Parameters AMN1 AMN2
pH 1:2 6.18 5.83
Electrical conductivity 1:10 (dS/m) 76.14 82.67
Na (%) 0.004 0.083
Organic matter (%) 10.56 10.26
Total N (%) 8.68 7.83
Total P,O, (%) 0.03 0.02
Total K,O (%) 2.95 3.49
Total Ca (%) 1.94 1.05
Total Mg (%) 0.84 0.65
Total S (%) 0.01 0.01
Total Fe (mg/kg) 149.65 157.44
Total Mn (mg/kg) 136.54 124.86
Total Cu (mg/kg) 46.24 40.35
Total Zn (mg/kg) 57.37 849.42

NANISANHILAZIANTOL

mawasgaulnuasnlay

NANIINAADY WLINNTNUNTABEH IUNY
luganunisdnnisilaiaidenasianiaiaseyiule
MU UAINGIAU TR AUy AN
wazANena luaedn N s azAsunaaed aeng
AlpdrAtyn1sadisanizinan 4 dln1viudsilgn
(Figure 1) Turausszasioan 1, 2 way 3 §lany
udslgn LA uuansnete il d1Agynig
a0 enduAnudanly (SPAD) @elAuLAnNFNg
NNanFIuAeNg 2, 3 uar 4 duanvinalgn Tng
NN nasaseRuInieunmaeinlan (AaNgs
i AUIAANF ARy AnEdenly Anudauay
ANENa L) 189 T3 HAwinige waszldunnsiag
NNADATY T4 WAz T2 WANANNLANANNINEDANL

d’l b7~ 1 d’l U ==& Y o
T1 wan13nAaa9T LRI Tuilessu Deuddniau
A A a a o oA o +

azifluieiasyiutaladne wiidadnisdanisily
19 100 way 75 lafiduddsnalinisiasoysuin
al 1 1 1+ = 1 ra
andanslilaflaind wazausnthuentadifu
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anailgnseusliiiganasianisasoLAulne
e ufaﬂmﬂ"f:miw'uﬂm@xﬁ‘ﬂuéfguﬁumi‘lﬁ?’ﬂﬂLﬂﬁ
75 Wafidus (T3 waz T4) Idnaninadyiuinly
sineannnisliileiad 100 wlafidusl (T2) Faiviu
nuadauluszasfiuien (4 &lavivasilgn) u
mm:ﬁ'ﬂiwwmﬁauuﬁwﬁu (1-3 ddmvinasdgn)
maasiuinaesdnlan (@nduauidan) seaus
azANSUNIMARes T ANLANANINNAD AT WAy
frnsunnamaeediliiinigldilauaziu AMN fnu
Lﬁmmﬂdﬂﬁuﬁﬁﬁmﬂ@uﬂLﬂumﬁuﬁmwmau%qﬁ
AN ANAH1] iﬂfﬁﬁ;\‘i (Land Development Department,
2023) %qmmﬂﬁmﬁum’immw’ﬁuﬁ@uﬂgﬂ (Table
2) ﬂszn@uﬁuﬁﬂ‘immﬂuﬁmﬁmﬁL@?ﬁty wuTmledne
NUFATIALAZINAY (Benjawan et al., 2019; Puangmanee
et al., 2014) a1l dq9srez1987 1-3 dUA1Tuaq
Ugn fuaniaasoiulniliunndnaiu adals
puANdenifluAfiteuenienansynuainns-
1MAsIRaIMITAanIsRs L tnrednlan lddaay
fig ilasannlaidnnsmio AMN uazlaildilouedl Aah
Wanudeaaas T1 HAauuans1an1eadanu T2,
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Figure 1. Growth data of amaranth of all treatments, including plant height (a), SPAD (b), shoot width (c),
leaf width (d), leaf length (e) and leaf number (f). Different letters above the bar chart indicate
statistically significant differences according to DMRT within each week, while "ns" indicates not

significant (P > 0.05). The error bars indicate standard deviation (SD) of the mean
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T3 uaz T4 Tuyniasany Tuanfipanuidares T3
uaz T4 lumnsneiy T2 Astiadlddnnnswunsaaydl
Tulnasaninasyiuinaesinlanlud@esansiss
FeTannieudidnazidnisannisldiendiasie 25
wlafidus Tae AMNT way uay AMN2 3 N uilu
peAsznauninig 8.68 1UaFidus way 7.83
iafidus muansu (Table 3) mmmmnmwmu
SN Osotsapar(2014) GIN N wmummmmm
mil,fwfyLmuimmmummumﬂu PP GRGERR
ﬂ@@I?W@@f(Department of Soil Science, 1998; Sun
et al., 2023; Ullah et al., 2018; Zeng et al., 2020)
yananil faflsnearudnnsnesiludananig
AAnsnaasiaialnansuaiagdom (Awad et al.,
2007) Wu91 NzidemATldFunisnunsaasily
fanugauansaiuneadfidlefoutunguanngy
(Phayungtham et al., 2012) iesanniinenaziily
unepilotu nsangendin waglnlsdu iduasenis-
w3tyiAulnaaaivg (Popko et al., 2018) waziinge
axfilunnsniaiy Tnadu 108y axaniiu 730 fiflug
sani1sdatasizinaalsilaa (Popko et al., 2018)
FedenaraAALTE0e0ely FatunisNunge
azfiluasiidoudaaldiniaaaayiiuinaesiialdsnaiy
srsuiatleiadl 100 wefifusf faustazldfuilond
WeraA 75 wlafidus Aniu

HANAR WaTRIAUSETNAUNANAAURIENIUN
TANINTINNLIN NFNUNTAR R TLNI9 LY
faufunisdanisilaaddanaliliaouunnsag
aeeldadAynanArasHaNARLaYaIALlszNaL
109uakARnlULAaZATUNAADY (Figure 2) 19 T3
danalinninaauaaton1ngdauuiiefu Wnmin
P = | A a XA A ~
wiasnadan narumiiesu uarunludaAunign
FlUTANNUANAINIGADAAY T2 WA T4 WA R
ANLANANSaE e ldE AN AN 19atany T1 Tana
dn v e - = . ,
laaanasasiunisasoAutnuesdnlau (Figure 1)
AuNIaslldneuunint nanaReRIFLNIIMAADY
Adnsnunsaasly (T3 way T4) WHaANAR way
ALANNHANAR luANENALA FUn A0 lATlaLa
100 vla fidus d9duLiasannni1sinsnezilul
dqutdaaluFeasaasnisasoiiuls asidengd
naasliuTain dandinaldinanuduwusids
LINNUKNANAR AOAARBINLTENNUIRY Sarutayophat
(2012) wwum’mmuwuﬁimmqnwmimLmuim LLm
IANANTD4TD MRS Lummnwmmmmmmm
WATEIRBINNS LaznIdaA LA et LA
aafLsznavmeasnesing 7 ldn1nau (Department
of Soil Science, 1998; Maqueira-Lopez et al., 2019)
= vl a - a aad
AdanaliinanAnLazesrlsznaunanannaauly
v a v o 1 =< Vo o o aid 1
Fnel NTadunmdn DewddNmfunnaeaninisny

P <0.001 P < 0.01

resh above ground biomass {g/plant)
o
Dry above

(e) |
P <0.05 a

Leaf area (sq.cm )

Figure 2. Yield and yield components data of amaranth of all treatments, including fresh above ground

biomass (a), dry above ground biomass (b) and leaf area (c) Different letters above the bar chart

indicate statistically significant differences according to DMRT. The error bars indicate standard

deviation (SD) of the mean
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neaazilunazlasy N lulFunadesndi Aasud
150 N aannsldilaail 100 wefidus udnanan
waredAlsznauaatan T A NLANFA19N194 DR
Matianadaadulilsann 2 anuasil 1) deunndle
100 wWefdusinaanINNUNesaAINARINII2189
= 'Y ~ [y a o Ay v
Aauan tlevsandayanandnuesdnlonnlasy
flawadl 100 waz 75 wafidusiaannindiAaeiy
s1891ulne Benjawan et al. (2019) Aaiiu nslasy
flenadl 75 wefifusdtvanaieanasianinsiasnig
1091 wazlunnmaaeiliainnsausnaninaves
nanaziluliatnadnaiiasanlifinanisldils 75
Wesiduslagldinismunsaazilu way 2) aan
N1789LETNTIRINIARLH U s ndnsae s lunig
1650 Wunsnesdludniagldefaarunsninluld
sz lamilias Ineliandusasdaunsiziann N lu
a a 6 a al & o v o
gUatiungedudunsd vinldinaansodlszuen
waw1lunnsdaimsneif (Osotsapar, 2014; Popko
et al., 2018) asaadnazifuanwin liinlannlgnlu
1y a o W o ~
annuondaxaea iy uslifusinanmsluglidy
dszlagiifaandnilesainlasuilaailudnsnla
windu ndulianan liwansneiy Inasnsunaans
ldld + al & @ e © v Yo
ninsanilainias 25 wefidus inlinaenalasy
s1na1s ugUiiudsslamiieand tneanis T3

defluunlhilinanangeiigaiiiesaniaanududy
P89 N q\mdqqm‘ﬁ' 2 (Table 3)
A NTurassIRa s Tissanluinlay
nsnunsaazdiunielusaniunisaanis-
fleafidenaliianuuansngatisdiudnAnynig
anAI89AMNLTNTUEIRBI9IIUAN (N, P UAE K)
Favanlugiuvile Auaaaiis (Figure 3) WAZHATLD
3192 Mns uANI 3 519 AenwuzlndiAeeiy
Aa T3 AAArududuaes N, P uaz K ludauiuila
usesiageiign waglifanuuananemisadfny
T2 waz T4 luanigfi T1 Sannadudusessinaimns
udnvaandnFFunimanesiu q atheilduddy
N9anF tnaninsaunudn Acudndureain
2IWNINAN LIl Auaasive danARaIiLUNANTS
WiogiuTn uwazaandn de T3 fenanniiga uazlid
ARNUANANINSERRT T2 ua T4 [uii usiile
WeuiuAAudan nuandualndiAaeiuuinndn
V’]I’]%Iuj Tnennzdaaioan 3 uaz 4 dUnnvivaslgn
(Figure 1b) anfingnalgraumng dnsaeiitud N
Wudaudsznaundniiuinflunisaiianis
wanyiALTnuesie waznanAaalsias (Department
of Soil Science, 1998; Ullah et al., 2018; Xeng et al.,
2020; Sun et al., 2023) Aevin I danafan1uLTa0

(@’

a

P <0.001 Ia T

P <0.001

Total N (%)

—

{

(e)
P <0.001

8

Total K (%)

T1: Control T2,CF100

T3 CFTSwAMN1 T4 CFTS+AMNZ

TZCF100 T3, CFT5+AMN1 T4, CF75-AMMZ

Figure 3. The concentration of primary nutrients in above ground biomass of amaranth of all treatments,

including total N (a), total P (b) and total K (c). Different letters above the bar chart indicate

statistically significant differences according to DMRT. The error bars indicate standard deviation

(SD) of the mean
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WAz R AN NTLaee N Tudiumiio Auaed
A dg‘ v 1 < 1 1 1 1

Nannauldaas asnalafnin wudnldlddwe A
nduaas N ludouiniia AuaasNagunnineasaime

usieinfunaaesnlasuilaiaiiveasuad 75 wasidus

@ al ¥ £ g‘/ 1 1 o
AflAgdNTuYed P uay K ianun ldwnnsnedy
o o dl Y+ a L] & dll
prsunimanesiilailead 100 wefidust Wasain
Tunsmeziluie 2 95l P uay K iduesAlsznay
Wufu Dauddnazleasndn N Anu (Table 3) Bauilu
mﬂmuvmmﬂummyuiummmu‘ﬁm Popko et al.
(2018) a3l P uay K Yaandn N muuma‘wummfmm
Tuvts 2 T0inAV IRT1A50 P uaz K §8 uananni
msvmmﬁlfmmimnmmuﬂqwmm%ﬂuimum
angnansmaniiuesdlszneuresnsnesily
A o \ + Aag o a o« ' =
AR T A R Rt VR RPN LR NP
winsnasRluataavdasluized1e9nI178LETNA3-
AnsRa1n19aedNg M linalda u1snnnann
a1 eaull g lannTusantnnssa91uling
Maini (2006) 39N D9ALETNNNEFIINENUBIIINNCT

d” £ ¥
(Osotsapar, 2014) uananil ANNIUEIA NS
Uit 813 a9HARaANNINNAKAR A U897 0LAT
N19lATUIN1T RBAARBIAUINLIIBANLLINNT-
nWunsnariluainnndaasnauAIn1ginTuInig
PIa9NNNIANA N (Al-Karaki and Othman, 2023)
T1g2 N1 (Noroozlo et al., 2019a) Lazilaa LA
(Shafeek et al., 2020)
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analysis (PCA) iemAnuduLsandnsesrlssne
AN i lataausie PCT uaz PC2 aunaneding
%’@H@%\mmié’mnﬁq 89.4 Wafidus Ineutaiu
77.0 uaz 12.4 wWafidus mnanay (Figure 4) lag
wudn dayanisiasaavindauluniaonduiug
funaninalaniy Aoruenaly auIAasu uaaan
wazsnauisdaumilanu anugedu srualy fud
Tu wilsifaonduiusiumnududuaessineims
Tudaumtlenuresivg Tnaasndudusessinamig
TudrumilaAuaasn el anudunusadsuindu
pundely uazaaandenly delnaniwean dedn
nsnunsnardludaniunisldily 75 wefidus vve
Tivunsmazitu ({lo 100 wesidus) ludsnalinig-
WIYAULR HaNAR LazatAlTTNaUNaNARTaIHN
TANUANFANNTU LAYADAARBINLNNTILATIZHAIM
wlstlsoumudiinewing taewudanisnszatadia
w09faya T2, T3 uay T4 agiidnnlnaimpeaii
annInaaesil nudnnisldnsaez ity
TuiEa99819 30 @@ n Juwsldunszdunis
Wwiyivlnresiafiinumaaesld widaiidesaia
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0

[
=)

PC1 (77.0% explained var.)

Figure 4. Principal component analysis among growth, yield, yield components and concentration of primary

nutrients in above ground biomass of amaranth among various treatments
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Effects of Inflorescence Removal on Delayed Harvesting of ‘Namdokmai Sithong’

Mango Fruit Production
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Abstract: 'Namdokmai Sithong' mango is an important commercial fruit in Thailand. Delayed harvest mango
can get high prices. The objective of this experiment was to study effects of inflorescence removal
on delayed harvesting of ‘Namdokmai Sithong’ mango production. The experimental design was randomized
complete block design (RCBD) with 3 treatments, i.e. 1) inflorescence not removed (control) 2) removal
of inflorescence at 50% bloom, and 3) removal of inflorescence at 100% bloom. There were five blocks
(rows). Changes of shoots, new inflorescence, inflorescence size, fruit set, fruit weight, peel color, flesh color,
fruit firmness, total soluble solids (TSS), titratable acidity (TA), vitamin C, carotenoid content, and total
phenolic compound were recorded. The results showed that during the 2" - 4" week after experiment,
mango trees with removed inflorescence started developing new inflorescences. At the 6" week after
inflorescence removal, mango trees which inflorescence were removed at 50 and 100% bloom showed
52.5% and 33.0% new inflorescences, respectively. Fruit set until fruit bagging stage were 3.1% and 3.3%
of studied shoot, respectively, which were less than in control plants (48.5%). Mango fruits from plants with
removed inflorescence could be harvested 3 weeks after control plant. Moreover, fruits from plants with
removed inflorescences were larger than those in the control treatment. These results indicate that
inflorescence removal resulted in very low new set of yield. However, it can be used to develop the methods

for delayed harvest mango production to reduce market competition with on season fruit.

Keywords: Late harvesting, inflorescence removal, production, fruit quality
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Figure 1. Growth and development stages of ‘Namdokmai Sithong’ mango twenty-six weeks after the

removal of inflorescences (n = 40)
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Table 1. Size of inflorescence and new inflorescence formed after removing inflorescences at different

developmental stages

Treatments Width (cm) Length' (cm)
Before After Before After
Inflorescence not removed (control) 17.81 - 35.40 ab -
Removal of inflorescence at 50% bloom 18.13 20.91 31.12b 21.12
Removal of inflorescence at 100% bloom 16.88 21.15 36.63 a 22.59
CV. (%) 12.28 47.99 9.46 5.25

' Means followed by different letters within the same column are significantly different at P<0.05
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Table 2. Flower number of ‘Namdokmai Sithong’ mango before inflorescences removal

Treatments Male Complete  Bud Total Male flower:
flower' flower Flower'  flower complete flower

Inflorescence removal at 50% bloom 321.3b 249.6 983.2 a 1,554.1 1.3:1

Inflorescence removal at 100% bloom 1,088.2a 261.7 150.5b 1,500.4 4.2:1

C.V. (%) 19.91 23.56 34.90 22.85

' Means followed by different letters within the same column are significantly different at P<0.05

Table 3. Percentage of new inflorescence formed on ‘Namdokmai Sithong’ mango after removing

inflorescences at different developmental stages

Treatments New inflorescence (%)’
Inflorescence removal at 50% bloom 52.5a
Inflorescence removal at 100% bloom 33.0b

V. (%) 4.52

" Means followed by different letters within the same column are significantly different at P<0.05
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Table 4. Flower number of new inflorescences of ‘Namdokmai Sithong’ mango after removing inflorescences

at different developmental stages

Treatments Male Complete Bud Total Male flower:
flower flower flower Complete flower

Inflorescence removal at 50% bloom 2.3 30.3 447 77.2 0.08:1

Inflorescence removal at 100% bloom 3.3 35.3 53.1 91.7 0.09:1

CV. (%) 45,53 41.39 53.75 43.42

Table 5. Percentage of fruit set and harvested fruit of ‘Namdokmai Sithong’ mango after removing

inflorescences at different developmental stages

Treatments Fruit set (%)" Harvested fruits (%)’
Inflorescence not removed (control) 86 a 48.5a

Inflorescence removal at 50% bloom 30b 3.1b

Inflorescence removal at 100% bloom 17b 3.3b

CV. (%) 17.23 35.92

" Means followed by different letters within the same column are significantly different at P<0.05
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Figure 2. Percentage of harvested fruit of ‘Namdokmai Sithong’ mango after removing inflorescences at

different developmental stages
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Table 6. Fruit weight and size of ‘Namdokmai Sithong’ mango after removing inflorescences at different

developmental stages

Fruit weight' Fruit size' (cm)
Treatments
(9) Width Length Thickness
Inflorescence not removed (control) 393.73 b 747 Db 1449 b 6.77 b
Inflorescence removal at 50% bloom 511.81a 8.05a 16.00 a 7.34 a
Inflorescence removal at 100% bloom 453.39 ab 8.03 a 15.49 a 7.24 a
C.V. (%) 16.01 1.60 1.54 4.01

" Means followed by different letters within the same column are significantly different at P<0.05
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Table 7. Peel and flesh color of ‘Namdokmai Sithong’ mango fruits after removing inflorescences at different

developmental stages

Peel color’ Flesh color’'
Treatments
L* Cc* h° L* Cc* h°
Inflorescence not removed (control) 70.44 43.11 74.94 b 49.27 b 49.11 80.18
Inflorescence removal at 50% bloom 69.82 41.35 77.29 a 51.78 ab 49.94 80.97
Inflorescence removal at 100% bloom 7143 3990 76.16ab 5219 a 52.17 79.60
V. (%) 3.45 8.33 2.07 412 7.48 2.16

" Means followed by different letters within the same column are significantly different at P<0.05
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Figure 3. Average temperature in Chiang Mai from January to July 2020 and time of mango fruit

development (temperature data from Weather Spark, 2020)

Table 8. Fruit firmness, total soluble solids, titratable acidity, and TSS/TA ratio of ‘Namdokmai Sithong

' mango fruits after removing inflorescences at different developmental stages

Treatments Fruit firmness Total soluble Titratable TSS/TA ratio’
(g/cm?) solids (%) acidity' (%)
Inflorescence not removed (control) 329.24 21.60 0.18 b 120.58 a
Inflorescence removal at 50% bloom  344.17 21.85 0.19 ab 117.82 a
Inflorescence removal at 100% bloom  360.27 21.34 0.24 a 89.90 b
C.V. (%) 10.88 3.55 18.11 16.19

" Means followed by different letters within the same column are significantly different at P<0.05
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Table 9. Vitamin C, carotenoid content, and total phenolic compounds of ‘Namdokmai Sithong’ mango fruits

after removing inflorescences at different developmental stages

Vitamin C Carotenoid content  Total phenolics
Treatments

(mg/100 g fresh (ug/100 g dry (mg gallic acid/ 100

weight) weight) g dry weight)
Inflorescence not removed (control) 0.40 222.76 435.89
Inflorescence removal at 50% bloom 0.50 210.33 487.82
Inflorescence removal at 100% bloom 0.45 277.06 453.02
C.V. (%) 24.69 36.29 12.83
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Response to Modified Mass Selection in White and Orange Fruit Skin
Ornamental Pumpkin (Cucurbita pepo L.) Populations
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Abstract: Two populations of white and orange skin ornamental pumpkins (Cucurbita pepo L.) were collected
from a farmer’s field in Northern Thailand and then subjected to modified mass selection in three cycles,
with the objective of increasing the number of fruits per plant and frequency of skin color in both populations.
Progenies seed of base population (M,) and three improved populations (M,, M, and M,) were evaluated
in separated experiments at the Agricultural Innovation Research, Integration, Demonstration, and
Training Center, Faculty of Agriculture, Chiang Mai University, from November 2020 to January 2021.
The experimental design followed a randomized complete block design. The results revealed that after
undergoing three selection cycles (M,), the white and orange fruit skin populations showed an increase
in the number of fruits per plant compared to the initial population (M,). The white fruit population exhibited
an increase of 1.7 fruits per plant per selection cycle, resulting in a response rate of 88.6%. Similarly,
the orange fruit population demonstrated an increase of 1.7 fruits per plant per selection cycle, with
a response rate of 97.9%. Furthermore, the frequency of white fruit skin in the third selected cycle of
the white fruit population increased by 33.3%, while the frequency of orange fruit skin in the selected orange
fruit population increased by 27.0%. The two populations showed the similar trends of the correlation
coefficient. This study highlights that mass selection can effectively enhance the number of fruit per plant
and the frequency of white and orange fruit skin in ornamental pumpkin populations. The improved

populations can serve as valuable genetic resources for future breeding endeavors.

Keywords: Cucurbita pepo, population improvement, response to selection, open-pollinated variety
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unAnta: Uszans 2 nguassinnesdsvaunadanouaz@du (Cucurbita pepo L) gnifiuanlsinusemsng
Tunamienesdszmalng udsiunAn@enuuumilszens a1uou 3 sau Tmﬂﬁfimﬂimmﬂﬁ@Lﬁ'wﬁ’]mum@
HefunarANaraIdRa109 2 Urzanns thndneslsvanns Gusdy (M,) ua Uszannsfitinunisfaiaen
(M,, M, uaz M,) 28997 2 Uszans ﬂ@ﬂﬂmﬁﬂuma‘mmam‘ﬁ'uﬂﬂﬁ“u 04 AUERLE YsuInng ANDBALAYHNALTN
UIRNITUNNNNEAT ANUTINEATANART N1anenaade I slum\umfaqummw 2563 - NNTIAN 2564
Tneansununmaaeuundalunfenauynl NANSANENLGN Uszannsiia 2 nguAnafiiunsAaLden 3
99U (M,) fenununasiefuRsEuanUszansEus (M . Imﬂ’luﬂizmm‘ﬂqmmmwmmmL‘wmu 1.7 uasie
FUFBIALNNIARLASN N1INBLAUBNTREAY 88.6 LL@:’Luﬂizm’mimﬁNm@ﬁé’mﬁ@”mmLﬁuﬁu 1.7 tasi9susasaL
N3ARAEN NNIRaLALETaLAY 97.9 u@ﬂf««mn"fzmm?{mmmﬁmﬂuﬂixmﬂm’um@ﬁmqﬁlthumaﬁmL%faﬂ
3 seU WiinTufenay 333 uarlutszannsnguuadduiaaniivesnadduifiniuienas 27.0 Arandnriug
yassnEEeRTaLRE AL uaziinuuanseatwitd Aynieadi lulssmnengunadnng wasddu
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mefs’m'ﬁ'mmmaﬁﬂnqLL@:zfm"luﬂixmﬂiﬁnwmﬂizﬁuié’%qﬂixmnﬁim"nmﬁiﬂi“uﬂgqﬁmmmlﬁﬂmmm
Wugnssudmiuannanaiuguiisia e

AdAny: Anvegtlszdt nsdiudpdseanns avudnontheesnisdniaen wuguantn
uNU lszannu 80 19 (Sriubon, 2023) wasinwuiloymilu

NI9UAR A N13TIALARWNARRUTANNE i
Wnnasszay (ornamental pumpkin) 1w WUgA uazinEAININUNARIAANLAZIALNANRLE LS

Aalunguinnes 4natluraduns (Cucurbitaceae) 1 eem11dsn sl iRAuseiumn Wasaininnaes
FINeNANGRT Cucurbita pepo L. Anunuiialmay UszAURNITUARUNARBNLENLINALN LA INALDE]
211301 e ldnaiuaed Tawn ddu 3219 AelufuReaiu (monoecious) AU dNaNT N
a A a a & a g P a A o a
Aidn 3N uATAA1e wanantlgUnsauazaune ANNEIINTNR TIMNNRNINAN T AviTaNaNTNaziA
NANAINUAINUANE LAY (Bratsch, 2009; Hazra NMINIEANLFAINIINUGNITH (segregation) danaler
et al, 2007) WnnasdszAugninldlddselandly NEulasuaudnwuzsng o agluaninilinadis
FUANHLTDwATAN AU Tneanauilanldnadung (heterozygous) (Robinson, 2000; Samphantharak,
ATUNARANNNIUNIINAARI BN YT UNNIAN  2003) A9TW NsRnERINIAUINARRUE 131 1e g
ludoemaniangwauuazatsman lnaiaoadedn  lagldinismauaunisnannas denalfudaiiiu
Hada1ounnefegeRunariaddununaioganes  Tuwsdasfunisnanidnaliaditane feliiianis-
Aadudinananinsauasy Lmzmmmﬁqmﬂfﬂrﬁ’f a;zyLﬁﬂg@ﬂ'wmLﬂwgﬁ@imm@ﬁ@ummam
= = P A e A A cw &
PIUNBY 3 LA8Y LHeIANNNANWASATLIUABNLAY 1sza10d 10 - 20 Wefidus
Z‘/ [~3 dﬁlo/ £ v o A o I3 ] s aal
dauda wananidaanunsaldusslosdlusunng- nsAndanWuguuuugUsegneiiuasnng
dgnineszdunnusdsaniui uaziinnlsznay NenulaINIaINnNI9AnLAaaNMY (mass selection)
% . = | o aa o A , -
8191348 (Sriubon, 2023) FIUANFANNAUTEN9ARLABNILLY1szENG 1HagaIN
szinalnadaningleinidmunzan  dnsdndensdunanugndansnieaudnglssasd
FUFUNTUARN TR TaeanzAnneslszsy Aseanns g1uiu i lunsuanduuiazsey TaaAy
2L o o = , e o aAad A a = Y v o v A gy
Fedandn e lndidudandnnANuAn1suARNINNIgA oy nuanasuudain sy e ldnananiyly
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Tusiduus vy i iR anensilidenshia
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dszAnsninunnnannisAniaanLuLIng ugnanis
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et al., 2020) AINIUINYTY Intavaree et al. (2014)
WU N1sARLReNRUULLMYL sz AU 3 9o
aunsniinss UM N U usalsAluvinvEes
Tulszansuninanld wenannifluauideees
Hussanun et al. (2012) WuaN miﬁmﬁfaﬂﬁu@mu
myjtlrzgnaanuau 4 sau aunsaLfinLFunuans
waunloeBulumdaluszarsulseniudnanaes
dszansdnonadrowmilan@singls uazsuidaans
Ketthaisong et al. (2009) WL NIARLABNWLEILLL
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e lfidwmenugnesnaesdssanaFusiu (M ) 199
Iadszaansfingiu 2 ngu ldun nquuadentuas
naNNaRAN
n1sUsuilgeilszannsineiBnisAn@anuuuny
szgns
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Figure 1. Schematic representation of MMS- modified mass selection
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correlation) U84A eAasauag (plot mean) (Gomez
and Gomez,1984)
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nsRAUAUBIHANMTARRaNAUSUUUNLLszgN6

Q

lutlszannsWnnasseaunaduiuasddy

NNATH TUAN L mﬂ@fﬂnm@mwmm L‘WﬁLNEI
Taelugu m, umm@ﬂmﬂﬂu@mm \ade 42.4
UAY 44.6 TUNAINIZINAA AINAIAL ATUIUKA
ARAUNANNLANAITURE NN TRAATYN19aD A
Taanudnludscrinsgu M, Hanuounasasiuga
ﬁqm \aAY 2.3 ua AIUANUILABNNATUAZABNLNA
WHeFa WAZIUIANS IHLANFANSIUNI94DR (Table
1) zi"lm*mjs:mmaﬂnmmﬂazﬁmdmmﬁfﬁu‘ﬁ“ﬁ 4 g1
farruuansieiuad1elda g Aynieadnlu
anmuzatusunaredu Inaludszainsium
fiauaunasiediugeiign wae 2.9 ua (Table 2)
NSABLAUAIAANITARRDNAUE
ANN1INAaeINLdNLsrInIinneslsz Ay

3

frinumsdndenuULMsszgnsuaw 3 Tau el
nguuadnuaz@duiaauinaniiuaraeuaues

AaN13AN Lﬁﬂﬂiuﬁnwm”ﬁﬂuqum@ﬁi@ﬁu Tnelungu
naATNaLRNTUANN 1.2 wa asLlszgneu M, iy
2.3 naludszannsgu M, Gelaanufnouiiniiady
1.7 nasiafusiesal NsneLauedsaLaT 88.6 (Table
1) LL@ZﬂZ\iNN@ﬁﬁNL‘W‘N%u@’m 1.4 NaUe9UsrI1nIIY
M, +% 2.9 alutlszainsgu M, feflaanainamii
s 1.7 nasedusiesen nsnevaustdeaz 97.9
(Table 2) 48AAARBINLIIUNAABIUEY Wessel-
Beaver (2005) 3437819714 Tunisdsudgeiug
Wnnaslaeldisnisdniaenisgaiuau 3 sau 1§
flrmawiug Soler flduanAnsasugs wazldnmas
Bu 7 7 u arnasunile dulaeuns dudy
UENAINHAINIUNAREITE1 Abd E-Had) et al
(2015), EI-Shoura and Abed (2018) waz Singh et al.
(2019) WUFANERINAUGNITHUBIANHULANUIUNA

Table 1. Average values of yield and its components progenies of the original population and the three

cycled selections in the white ornamental pumpkin

Days to 1% flower  Number of flowers Fruit
Cycles (day) per plant (flower) ’:ZTEZ;?Z:SE)S Fruit(\;v;eight diameter

Male Female Male Female (cm)

M, 424c  446b 182 6.8 12b 301.5 9.0

M, 472a  49.7a 17.9 7.1 15b 330.6 9.3

M, 447b  489a 18.6 6.4 16b 363.6 9.7

M, 466ab  495a 17.9 7.1 23a 338.9 9.4
Mean 452 48.2 18.2 6.8 1.7 333.6 9.3
F-test * * ns ns * ns ns
C.V. (%) 2.9 5.0 4.9 12.9 21.2 22.6 7.4
b-value' 0.2% 01™ 04" 0.0 1.7 0.0 0.5
Increase (%) 9.7 11.0 1.6 4.3 88.6 12.4 4.2

,- Means with common letter within the same column are not significant by LSD at P <005 (ns = non-significant, * = significant)

The Increasing (%) is calculated from ((Population improvement - Base population) / Base population) x 100

' The b-value signifies a deviation from zero (ns = non-significant, * = significant)
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Table 2. Average values of yield and its components progenies of the original population and the three

cycled selections in the orange ornamental pumpkin

Days to 1% flower Number of flowers Fruit
Number of fruits Fruit
Cycles (day) per plant (flower) diameter
per plant (fruit)  weight (g)
Male Female Male Female (cm)
M, 41.9 43.4 18.3 6.7 14c 186.5 7.4
M, 42.3 451 17.4 7.6 1.9b 181.5 7.4
M, 41.4 43.9 18.0 7.0 2.2Db 206.5 7.9
M, 41.5 43.6 17.5 7.5 29a 198.6 7.5
Mean 41.8 44.0 17.2 7.2 2.1 193.3 7.6
F-test ns ns ns ns * ns ns
C.V. (%) 2.2 2.8 2.6 6.3 11.1 18.2 5.6
b-value' -0.47" -0.0"™ -0.4™ 0.7" 1.7* 0.0" 0.4"™
Increase (%) -1.0 0.5 -4.2 114 97.9 6.5 1.9

,- Means with common letter within the same column are not significant by LSD at P L005 (ns = non-significant, * = significant)

The Increasing (%) is calculated from ((Population improvement - Base population) / Base population) x 100

' The b-value signifies a deviation from zero (ns = non-significant, * = significant)

sasuluinnesngsu C. pepo {A149 75.2, 94.84
uaz 90.0 wlefifus mansy deiulunisdaiden
fufuuumaeiilantadaaiiindnuaunasiesdy
Hesanndsnmnstianenlisfuseligs uaznis-
FoidaniugiuumUszenaidudaianansosaiden
Furefiianunizd waztiunanluusazseunis-
AnLaan (Yong et al., 2020) Fefudafduniiia
Usz@nEnmnnsdniden uazdas i unmnanan
203Wnnaslsziuls dauangaannen auaunen
WALFRAU AusuAe WAL SlaRY wazawaRa
FRLAUBIFANIIAAIASN
nMsARIABNULLMYUITENFAIuIY 3 9aU
danalinannizesnadanauaznadduifinuly
ynsaun1sAniaen lnalulszannguuaganai
A NG aenadanainduaindszainsiu M,
anferay 62.8 iufeuay 83.8 Tulsvainsgu M,
FofintuAniduionar 33.3 luansfinsnszanas
M\iﬁmﬁluj flannudianas (Figure 2 wax Figure
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4A) douszannsnguuaiduiinauiaesnaddy
dnduannUszansiu M, aandasaz 70.7 Wudes
oz 89.8 Wilszansju M, isduAsiluenas 27.0
Imm:‘ﬁlmmi:mmﬁqmmﬁmﬁlu°] flaanunanas
(Figure 3 llag Figure 4B) ilasannduainnestlsdy
ﬁ@"ﬂwmxﬁuqﬂﬁu‘ﬁ'murﬁlm’]il,mm'afaﬂmmﬁm@
1NN 1 AL Ineusas A wmdeNaninaseiu
(epistasis) (Globerson, 1969) @ualuusazdseanns
asfilenanszanesiodudunasing o) I SannsAmLEan
muiuummmu fansnnAndenfifesduiiinag
gnasedaiyingy mumm'lmwmmmﬂwmwu
uazdndiutesdnlidainisana
ANFUNUSTEUINIAN UL
ANNNTTATIERANANNUS sz anIngy
HARYNY WLINRNUIUNARBAUR A NENAUEN 199N
ﬁuﬁnwmwfimfmm@ﬂmeﬁwiﬂr?’fu (0.24**) uay
n19FmANa (0. 797) ﬁnmﬂﬂmmumwauwuﬁﬂu
SunasaduiLTlAn Aaudn (Table 3) daulu
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Figure 2. Assessment of three cycles modified mass selection of white skin in ornamental pumpkin population
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Figure 4. Fruit skin color segregation specifically in the white (A) and orange (B) ornamental pumpkin

populations, comparing the original population with the outcomes across three cycles utilizing the

modified mass selection

dszainsnguuaddu wudn ausunasiafy §
ANNANRUTN LN ALANEULANUIUABNLNALTE
AR (0.45%) LAZNIIAANA (0.64**) (Table 4)
Lﬁmmﬂﬁmmumnmeﬁmi@ﬁuﬁzgwuﬁui@mm
‘lﬁﬁmaﬁmmgﬁu LAZAINIUNARRITAS Wien et
al. (2004) WuqN ANIREUILATaRN ARNLNALT TIEN
TuWnnas C. pepo uaz C. maxima daualiauau
nafaRUanad aenelainIN zﬁ’nwmz‘ﬁ'ﬂ@'mm&u
WU AN ENRUE AU AR AR ULl A
AAUANGAN UONANNHEINLINANH LA WILHAAD
puldfinouduiusivengaannannady uay
guANa TnadnEusfiil A anduiusanvie i
ANANAUS (r=0) 1 uaRIN AN HUE NN AN ST
ANNANAUEAUTee uTelul A uduRusiu
(Gomez and Gomez, 1984) FaupasAniaen
fnenzaurunanafulnanss deaziluasang
Us=AnBnwndnsAadenneden iy Eedniden

anwouzatuinnasafululssainsnguuadany
NNBANHIUANH I AANABNLNALN TR 11U
ARNINALH ARG T UAN e NN AN AU RUS L
o 1 U 1 o é v
AUIUNAFBAUBE LUTEALAN (FREAT 26 WAL 24
ANANAL) azdanaliinisAniaanilssansninmn
NIINNTAALABNANH LA UIUNAF DG WAL AT
(Table 3)
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Table 3. Correlation coefficients of horticultural characteristics of the original population and the three cycled

populations of the white ornamental pumpkin

Trait 1 2 3 4 5 6 7 8
2 0.60"
3 -0.08 0.17"
4 0.08 017" -1.00"
5 -0.06 017" 0.28" -0.28"
6 -0.07 -0.26" -0.24" 0.24" 0.79"
7 -0.04 0.03 0.13 -0.13 -0.07 -0.13
8 -0.11 -0.03 0.10 -0.10 -0.05 -0.09 0.95"
9 -0.10 -0.01 0.08 -0.08 -0.04 -0.05 0.81" 0.75"

ns, * and ** non-significant, significant at the 0.05 and 0.01 level of significance, respectively

1 = Days to male flower flowering 2 = Days to female flower flowering 3 = Number of male flowers per plant
4 = Number of female flowers per plant 5 = Fruit set 6 = Number of fruits per plant
7 = Fruit weight 8 = Fruit width 9 = Fruit length

Table 4. Correlation coefficients of horticultural characteristics of the original population and the three cycled

populations of the orange ornamental pumpkin

Trait 1 2 3 4 5 6 7 8
2 0.34"
3 -0.00 017"
4 0.00 0.17" -1.00"
5 -0.18" -0.30" 0.26" -0.26
6 -0.14° -0.10 -0.45" 0.45 0.64"
7 0.03 -0.06 -0.14 0.14 -0.18" -0.10
8 0.00 -0.09 -0.14° 0.14° -0.19" -0.10 0.90"
9 0.08 -0.08 -0.08 0.08 -0.07 -0.03 0.84" 0.80"
ns, * and ** non-significant, significant at the 0.05 and 0.01 level of significance, respectively
1 = Days to male flower flowering 2 = Days to female flower flowering 3 = Number of male flowers per plant
4 = Number of female flowers per plant 5 = Fruit set 6 = Number of fruits per plant
7 = Fruit weight 8 = Fruit width 9 = Fruit length
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Effects of Electrical Energy Stimulation with Different Stimulation Time on Mycelium

Growth and Physical Quality of Reishi Mushroom (Ganoderma lucidum)
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Abstract: Effects of electrical stimulation of mycelium at various stimulation times on mycelium growth and
physical quality of Reishi mushroom (Ganoderma lucidum) were studied. The results demonstrated that
electrical stimulation at 100 kV caused the mycelium of Reishi mushrooms to grow faster on PDA than
stimulation at 25 kV. When Reishi mushroom mycelium was treated with 100 kV electrical stimulation, prior
to cultivating on millet seed medium, it grew vertically and horizontally faster than other treatments.
Furthermore, it showed that the mycelium of Reishi mushroom treated with 50 kV electrical stimulation
developed better on sawdust media than other treatments. When the mushrooms reached commercial
maturity, Reishi mushroom stalk length grew from mycelium stimulated with 100 kV electrical energy was
longer than stimulated with 25 kV electrical energy. Regarding the period of electrical stimulation, it was
discovered that electrical stimulation for 30 seconds resulted in the best development of Reishi mushroom
mycelium on PDA media. When the mycelium was applied to sorghum seed media, it showed that the length
of electrical stimulation had no effect on mycelium growth, both vertical and horizontal. Furthermore, Reishi
mushroom mycelium that had been electrically stimulated for 10 seconds grew more efficiently on
sawdust than other treatments. However, the electrical energy level and period of electrically stimulating,
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the mycelium had no influence on the basidiocarp width, length, thickness, diameter of stalk, fresh weight,
and dry weight of the Reishi mushroom.

Keywords: Reishi mushroom, high-voltage methods, electrical stimulation, mushroom cultivation, mycelium
growth
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Mycelium

.....

—
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Figure 1.

Characteristics of Reishi mushroom mycelium growing on PDA medium before electrical

stimulation (A), and Reishi mushroom mycelium growing on sorghum seed medium (B)
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Figure 2. Characteristics of the growth of Reishi mushroom mycelium and determination of the measurement

point for mycelial growth on the culture medium
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6. NSAATIZULRYANADE
WAL AT TINTENI9TEALNAIY
i uazszazinanlunanszsusoanassulnii

Aq¢ univariate general linear model WA23LAT1ZH

ANLUTUTIURI8TTNNT analysis of variance
(ANOVA) 7szaumanuiaiasiis 95% (P < 0.05)

NANISANHILAZIANTOL

1. nmatasyaaadulafinuauiauuaivng PDA

WﬁqmﬂLﬁuiﬂmﬂuﬁwau%ﬁwa@muu
87%19gM9 PDA HuN19nseiunaanasa i
Arriungaanu (25, 50 LAz 100kV) LaLIeezlaan
(10, 20 WAZ 30 W) wANFA9TY TneldiAz0q high
voltage spark discharge (RAIZO, type Electric
Stimulation Device, Model GM100, Japan) #a4
nseruiiunan 2 Ju wudn uleassinnauae
HlEFunenszfudanszfundesuliin 100 kv
finsedny luanansannidulaesainnaniefinamg
NN9NsEAUAasAUNAIWINAN 50 KV wsidins-
L@?ﬂ;mﬂﬂdmﬁu’lmmLﬁwauﬁ@ﬁﬂimm?m:é’m

AaesrAUNAIWINAT 25 KV duTunaaa9szas
AINIINTEHUARIENAIIUINAT Wudn nagann
nanszdu 2 Ju denalidulofavauded i
manszausanasuiiiduean 30 3w dnns-
Lfﬁﬂﬁﬂdwin'uslmmLﬁmuauﬁfamﬁﬁﬁmiﬂixﬁuﬁw
wasaliiifuean 10 uay 20 3und uenanni
nantnaaasdanansldfiiudiuasainlasunig-
nazBuRanas il 2 4 Tadtiuseitnaau
iluazszazinanlunisnseduiaelWindansna
faunumAanisasyaeddulainvauan adnqls
Amnadulefiiunimnazdusasndasulalia 50
uaz 100 kV Liulaan 30 3wy AnnsasyLiulala
WANFNNANNGAAILAN (Table 1) Guo et al. (2024)
Anmnisnsesudulaaaaiiin Pleurotus ostreatus
FaeAa radio frequency low vacuum cold plasma
(RF-LVCP) fiszdusngaliin 80-160 W ifluiaan 20
U AN 140 Pa wudn W lefidedluemns
wanugn 6 44 udaaingnnseaumaana i
120 W ﬁmmmtﬁu‘l&mn%m A9 0.376 N5N/AWN9
WadLTNIAT 100 HAadARST %qmnndmmmuau
13.583 (e idus uananni fsnea1unisdne
Tuiin tiger’'s milk mushroom %m’%ﬂwummi PDA
wianszaudatlnihannuuaiiuansineiu fe direct
(d.c. supply, Van de Graff

generator), electric field (in the form of voltage)

current injection
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(d.v. supply), corona discharge through single
needle (Van de Graff generator) &< corona
discharge through multiple needles (Van de Graff
generator) ) IneingeAuldulanasanniasnyuuan g
Aeadauunan 5 44 nan1sAnEInLAn NN
Aag corona discharge through multiple needles
(Van de Graff generator) @1 5 kV 2¢1981ia3
5 d0Tug denaliniaasyaaaduladia tiger's milk
N Ao a a &£

mushroom ANAA Immmmmmim@mmmu 10%

. o v 3 amid ~
ety 8 91 Tuanzninszfusiiednawduled
nisnauauesuansisaanly taunisnsefunag
direct current injection Nszaunszualuia 0.03-
0.06 A tluaan 1 W MINaNazFu 2 AT 1AYIY
fu 5 49Tus nevfuinszualnifn 0.07-0.09 A

Wuan 1 w19 vn1snszhu 6 A%a 1aa e
117 uaz nazfuiinszualalin 0.4-0.9 A fluiaan
1 U9 nsnszeu 2 ASa 19ansineT 5 dalus
fensniaastyreduleliunnsisainganquns
uenanidenudn nsldnszualin 1.1-1.3 A
NNITNTTU 1 pse ifluiaan 5 dalus v lohdule
Hamannsiasgydpaningana LN 24.5 wafidust
14 8 Juen uay 55.3 il fidusd luiud 16 (Jamil
et al., 2020) Fauanslifiuindzn1enszdufunnsig
fudanaranisnauauasasdulodia uanani
waseufildlunienssdu uazsrazinandildunis-
NILAUBNRAAINAABNTTATLALTALAT NI LN 184
ARNLARGINGT

Figure 1. Characteristics of Reishi mushroom mycelium growing on PDA medium before electrical
stimulation (A), and Reishi mushroom mycelium growing on sorghum seed medium (B)
Diameter of mushroom mycelium (mm)
Treatment - . - .
1 day after stimulation 2 days after stimulation
Factor 1: Electrical power level (kilovolts)
25kV 17.94+2.40° 19.12+£3.27°
50 kV 16.90+2.45" 19.77+2.94%
100 kV 17.26+2.01% 20.58+2.87°
Factor 2: Electrical stimulation time (seconds)
10s 16.69+2.01° 19.22+2.88"
20's 17.33+2.31% 19.55+3.15"
30s 18.08+2.45° 20.70+3.04°
Control 18.96+2.54 20.73+4.45
Factor 1 * *
Factor 2 * *
Factor 1x2 ns *

' Means within the same column followed by different letters show significantly different between treatments

by LSD test at P < 0.05

* = Significant, ns = Not significant
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dninasyaedulelduansdisaingaraunu
aenelafimnn wudn lugaedud 4 feduil 8 dsann
nssiaiTa nnsnszAumneszAunaIn i 100
uaz 50 kv Juurtiudenaliduluseainvauas
W3y lunupsuuea s dndaninglganannns-
nazAudatsziung I 25 kv Telinnsaseydn
niuazlndiasaiunisasyaesdulavingaaiunu
ﬁ“qﬁl,ﬁuimmLﬁmnﬂﬂﬁﬁ%m’i‘fyLﬁummﬂuﬁm
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Figure 3. The factors affected the vertical growth

(A) level of electrical energy and (B) time
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Figure 4.

(A) level of electrical energy and (B) time
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=3 v 1 a v a o 1 1 [
anvamaadaelid IndiRasiuuas lluansneiy
daAILAN (Figure 3B)
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QUL IRE It 4,5U8% 6 MFIaNNIAaEe HANIs-
naneuanslfiiiuin dulareafinnauien ldsy
nanszAuRnesTAUNAtulni 100 kv Anniasgy
Tuuurszunuuue m siaad1alemndndulaves
FavavAeflaTunnazfusan s Mumasn iy
50 WAz 25 kV muﬁ”\ammuquﬁ”qa (Figure 4A)
atelafimnszazinarlunionszfuioandsany
TR unnsinefulaid nasanisiasyluuuaszuy
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mmLﬁmuau%ﬁLfﬁtymﬂL&’uiﬂ%qmumiﬂizﬁu
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Abstract: This study involved growing and selecting 44 chilis varieties. The chilis were classified into three
types: Capsicum annuum, C. chinense and C. frutescens. Cross-breedings among these three types were
performed using reciprocal crossing and backcrossing. The resulting interspecific hybrids and backcross
progenies were grown and evaluated. The result showed that, significant differences were observed in plant
height, canopy width, fruit size, and average fruit weight per plant. Overall, the first filial interspecific hybrid
group, CA1449-6-10-1 x 35-5-3-1, exhibited superior characteristics compared to other hybrids and parental
lines in terms of fruit length, fruit width, fruit stalk length, average fruit weight and number of fruits per 100
grams. Significant differences were found among parents, interspecific hybrids and backcross progeny for
these traits, which showed segregation influenced by both parents. However, notable hybrids for further
breeding included 35-5-3-1 x F-3-8-2, 35-5-3-1 x PJ07-2, 35-5-3-1 x PJ05-2, 35-5-3-3 x J-10-3-2 and 35-5-
3-2 x CA1449-6-10-2. The C. frutescens variety (35-5-3-1) was suitable for interspecific crossing with C.
annuum. Backcrossing to C. annuum also increased fruit weight per plant, while backcrossing to C.

frutescens decreased fruit weight per plant and average fruit weight.

Keywords: Reciprocal crossing, cross-breeding, hybrid, backcrossing
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unAntia: mMaAnmafiilanuazdnidenwinauau 44 Wug arunsasuunwinld 3 1iia léur Capsicum
annuum, Capsicum chinense Was Capsicum frutescens WAMNNHANT 1 NIRAULUAA LW LN LATHANNAL
Lﬁfﬂiﬁqnmmiﬂmﬁm wazgnuannautianlgnilsviiunanan uanisdgniszidiugnuandnaiin wasgneuan
NAL NUFIAMNFIAU ALINNINNTINN TUIARA wazthminuasefueAsLANA1 et TTng Ayniea i
‘lumwmm@imqﬂmwfqﬁ 1 9ug CA1449-6-10 x 35-5-3-1 ﬁé{ﬂwm:ﬁmﬁ@ﬂdq@.ﬂmmuﬁmmxﬁuﬁmLLﬂJ AU
AYINENINA ANNANAHE ATNHENFLNA TinHalaRY UATANuAUNASE 100 NN 1T eua gneuaNdn
Tiin uazgnuaNNAL fannauananataiiddmeaia lnednuasiianmiinnmnszaiafanavanazes
wanauazul atslsimugnuanihindanagiusunnsuaaiug Idun 35-5-3-1 x F-3-8-2, 35-5-3-1 x PJ07-2,
35-5-3-1 x PJ05-2, 35-5-3-3 x J-10-3-2 Ay 35-5-3-1 x CA1449-6-10-2 el C. frutescens (35-5-3-1) Lﬂuﬁuﬁ
fumnzandrusunisuandasiugiu C. annuum uananil Maugundudas C. annuum denaliiwinuase
Fuiut lunsiinisuaundudag C. frutescens danalWinminuaseduuaztihminuaindsanas

ARIATY: N1INANTIN NITNANARLND UM QNRAN NITHANNAL

AN 43 C. chinense {vananansade wazwudn wig

ANKAN 1 2 mansiade (Subramanya, 1983; Villalon

winZuvaeniialwanfausamitawing et al., 1986) Gmnmim:mwmﬁﬂu@ﬂmmu%ﬁ' 2

Fur auin 18 uazeuninane videdendt Tadas 71 3 wasgnuaungu wudn Siunanafusnuaunied
neatnd (New World tropics) (Heiser and Pickersgill, 2 pansade Tmﬂfﬁwmumnﬁi@%ﬁmﬂgﬂmmﬂu
1969; Van Zonneveld et al., 2015) afnnean3nd Faeflusiu Wethunnaundununisnszanefaaes

Ugnunsuanennigailines 5 a8ia Ui C. annuum  gnuanndudai 2 dadau 45:9:10 Tuanadnd 3 B
L., C. chinense Jacquin, C. frutescens L., C. baccatum {uiaa Nunandag (Shuh and Fontenot, 1990)

L. uwax C. pubescens Ruiz & Pavon (Bosland, 1994; u@ﬂ@’mﬁvi’qﬁi’mmudﬁ UIUABNFABTaYeININ T
Pickersgill, 1997; Sikora and Nowaczyk, 2014; guatnaties 5 ﬁu‘ﬁ'murﬁlu uaznTinaenanmade
Barchenger et al., 2019) winfilgnunsuansly  Sefldumlenanie 26 Aaums vulasluloy
Usznalna laun W?ﬂ'%mémlmg W?‘ﬂ%ﬂkm@l,ﬁﬂ (Tanksley and Iglesias-Olivas, 1984; Kim et al.,
wWanuauvTanangnd winvaan wazwinlug win 2022) N1sHANT I NUIRAURY C. annuum x C.
duignansoes wiamsnifianisiandinlsd 200 chinense ilunisae1a g uiugnesu (Denli et al.,
% (Pickersgill, 1997) n1sHANAUFTINTHA 2022) NNTHANTINIRAURS C. annuum x C.
(interspecific cross) Tunwsnifinlaiane wazwsnyn chinense gn nauld s dundnaszuniu
TRAAINIOHANNUET LS Lufiﬁmmmndwwmﬁu (Hazarika et al., 2023) Tun19nay Fuiileld .
(Pickersgill, 1971, 1980, 1992) anmmmwmm chinense vluudwug qnuandldnduiinas
’Jﬁlﬂﬂ?”@\mLW@W@QHW?LWNN@N@W LALAN UL WwanyiAuimUng (Kumar et al., 1987) WaNaNIE
N ‘Lummu‘Luqﬂmmu ANALTATUNTHANT ) WU NgRaNT NTEAUas C. chinense way C.
RaRUa81IadE 111 ANTNUIAFEN ITUIUADN LAY frutescens UNNAUsTaUAIINENTA (Hazarika et al.,
AINITARNAANIBININ (Zhu et al., 2019) WinTiA 2023) Tmﬂﬁﬁuﬁ:ma*é’ﬂﬁmmnmmmuiﬁmﬁmﬁ
C. annuum Sanuauean 1 aansede Tuanssinen lawn winwalslaun3diles (carolina reaper) way
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winnenlaes (naga viper) %qﬁmqmﬁmﬁqmlu
Tan Aa #A21uLiina 879,953 D19 1,001,304 Scoville
units (Bosland and Baral, 2007)
dnufudgeiuguaaviuldinatianig
dsulgaiugniniaeddnandruaiin aruaae3sng
NANNALU (backcross breeding) L‘f‘i@\imﬂﬁ’f@\m’]iﬂ\i
WugnIsuAaINAunawugusaulug taanis
ﬂ?uﬂqqﬁuﬁﬁ”qﬁ%mmmmﬁuLﬂumﬂﬁﬂﬁl%‘ﬁlﬂ
feanmoufidasnisannwuglst (donor parent) 1)
§9WUGTU (recurrent parent) \atlselaniidunis
Wi AN AN uRe s ALAZ UNAS ﬂ’]‘iLﬁlﬁJQMﬂ’]W
HANAR Lazn19UiuLlpeanwizianI s e UGG
Waldmunzanfuaninuandeniiunnsnafy
LWﬂﬁﬂﬁiﬂﬁ%ﬂuﬁﬂmﬂu%u (cross-pollinated
plants) WATNTHNANFQLE (self-pollinated plants)
fduneundn Ae nsnanduszninegnuan F,
nﬁuiﬂffqﬁu'ﬁ:wraLL;J@fjwﬁifaLﬂm e dnwn
ﬁﬁmm@mnﬁuﬁu PULLAEITUANNNTNAAAN UL
ﬁiﬁﬁmmmmﬁuiﬂﬁ@ﬂnw (Lamichhane and
Thapa, 2022) a1ngead Pandit et al. (2021) AN
miﬂiuﬂmwuﬁmqL‘W@‘Luwummmwmmu
Tnensdnediu Subt dnefinaunuseanI®
mmmmwuﬂﬁlﬂmwuﬁwwLﬂuwuﬁiu N 19
1mmmuwmnwmwﬁummnuwuﬁmmaumuum
ﬂﬂLquanwmmimum?ﬂiuﬂiwwnwuﬁ"m sm“l,u
NsAlfiABANNUNUAEA NI N YanaIni
NISWABINUSHEN C. annuum il arsuallad
uags (capsinoid) 49 TneRBn1suaNnaL %qﬁuﬁﬂﬁ’
(donor parent) §1a1n C. chinense (Jeong et al., 2015)

= v Jao o A o &
ﬂq?ﬂﬂiﬂ’qﬂﬁ‘ﬂuﬂqmqﬂﬁ‘z@\?ﬂLW@N@NWuﬁ:

WINTINTTHATZUI C. annuum, C. chinense Waz C.
frutescens WATINNNINANNALIENINNGNHANT I
118y 2 iU C. annuum WaRNANH AN AN TA1

L4 aa
AUnsaluazIang

uasiudseanidy 3 Tunaunisaniy
e 1) nstgnilszifuivadniaanwe waiiig
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2) N17aF19gNNAN LAZQNEANNAL uaT 3) N9ugn
UsslNUgNNANLATQNNANNAL Tnefduneunns
s wail

Tunaudl 1 FIUPINNUGHTNANUNAIFN )
Tun arnnsndaanisinems anuilaunsmns was
ANNNIIWINUI A1 IR UFVAIAN TN T RT AU ATUY
INHAIANART NN RBIT TN AU 44 WG
Unngnileviding Aanuunafin uazdniaaniug
et ldiduaneiugreudd uiunisa¥iagn
HANLATNANNAL Tudaaihouiusiey - fuIeuy
W.A. 2562 04 Wlaannaesanandieaon gueiae
Y30un1g ansauasinausnudnnesunisinems
AAZANEAIANERT unanendedes il Inedsziiiy
WUGlUNINTan fruntsnuniuselsauay
annuanaen Minanangs tuiindeyanissenang
WAR dUF1UINLNTRIABNUATINAA NIAANA LAY
dnauunaiiavisn Fewanimasecluduneuidldls
qmmmm@mmmmm

Fupaud 2 mem@ﬂwuﬁwsnmmumu

D

71 8 udnglszasAuan mm@mmﬂqmwa
m”mgﬂmu%ﬁ' 1Tagvianisnand nuuuaay
(reciprocal cross) 51914 C. annuum, C. chinense
uaz C. frutescens LLé’aﬁWLuﬁm@ﬂmu%ﬁ 1(F,) 81
ﬂ@mw'amun@umw 1 Lufa"l,mmmnmm@mm
i1 mmﬂamw‘ﬂmm@m?\m 2

mumeu‘w 3 mmm@ﬂmumm 1(F,) Wén
@ﬂmmﬂ@umw 1 anmumw 1 (BC F.) AR
@nmmaumw 2 anmmqw 1 (BC,F,)
UATINAANBUWNWUG AW 35 Wig Jnlgnilssiiiu
TAEILHUNIINAARILLL4NaNY TRl uLADN
(random|zed complete block design; RCBD)
S1uan 3 40 mmmmm@mﬂummmu ledund
Ha1g 30 Ju dralgnasutlasauiandne 1.5 wnsg
879 3 11MT ﬂ@ﬂ%ﬁ@: 10 614 FERIZUNNTENINEAU 50
VIURLNAT WATIZEEUINTENTNUND 70 LIURLNRAT
FENTNUABUNG AN WA, 2564 - LNHILL A,
2565 tiunndayadnuaiznisivaanu liun Avngs
A1 AYINNINN N shwinuasies ArRNgana
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ANNENINA ANNENINTUNA ATUIUABNFABA U
dminiedsdena WaLANuIUNALRAEsE 100 N5
AAENAN19EDH LazTeRaUANWANFNS
gasrena1ntds LSD RexsuaNdesiu 95%

NANISANE

nsAnenafsifanunsodndeniugnwing
fanmurmefimaaufiald 10 sug ldun PJ05, PJOT,
CA1449-6-10, J-10-3, F-3-8, Bhut Jolokia, JDO1,
35-5-3, MHS-17 waz M1116 Tagauunlanin 3
w8a lAun C. annuum Aanuauw 5 Wug Aa PJOS,
PJO7, CA1449-6-10, J-10-3 WAy F-3-8 C. chinense
AU 2 Wug Aa Bhut Jolokia LAz JDOT uaz C.
frutescens AU 3 WUF Af 35-5-3, MHS-17 WAL
M1116 N19AAABNARTRRININUARZTRALANFNS
AU C. annuum § 1 mensada (Figure 1A) C.
chinense 1 4-6 pansada (Figure 1B) C. frutescens
1 2mansede (Figure 1C) %ﬂﬁﬁnwm:ﬁmgﬁu
AnenisaanduTianreewinga 3 180 uaznis
Ussiudn BN TiTaaw gnunsnesuneld sl
1. AnHUEAUFIUINEN

W3n C. annuum

Wuﬁw?ﬂﬂ@imﬁ Usznausae Wig PJOS,
PJO7, CA1449-6-10, J-10-3 LAy F-3-8 Wﬂﬂlﬁlﬂq i
AU 1 pansede naunandng lulqpduunay
ABN BUITTYHANN-109 ANEUTNISRAABNULLTE
A4 AAnATAN TR AR GeL uasiiAinAa nal
NALLNAR Lﬂummﬁ'mmi@ miﬁmw%wmﬁﬁq
(Figure 1A) muuﬂmmmmmuummevmw
184.8-483.5 NN muuﬂmwmm@ﬂ 3.2-10.7 N5y
Lasilnaninanuay 9-32 uasauuin 100 Ny
PUNARATAINNENALITZNIN 5.5-11.7 LTURLNAS
ANHNFNNA 1-2 LTURLNAT (Table 2, 3 g 4)

W3n C. chinense

sugwinnanil 1éun g Bhut Jolokia uaz
001 luldnuaunmdn Aaugeaesduildais
67.8 LTURLNAT ﬂfmmd”wmwg'uﬁﬁwa?iﬂ 62.9
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EURLNAT ADNTUIALAN NALABNALTEEaU THHqA
Auundaunan A1e9duisyiANas nnsfAnand
zﬁ”ﬂwmvuuuﬁﬂmq Aupanaiy ﬁﬁf]mu 1-5 pan
fade mmmmmmm (Figure 1B) m‘wunm@mmmm@
muumt,mm 118.5 N5y umuﬂmwa‘wuqmu
ANL9AE 3.3 N3 LATHAWINAIUIL 30 HARELMEN
100 N5U TWNANATIAN AN LRRE 3.8 [TURALAST
AUNENATIANIRRE 2.2 LIUALLAT LATA2INEN
AunaliALea 2.6 lTUAAT (Table 2, 3 1Az 4)
W3n C. frutescens
Wuﬁw?ﬂﬂ@juf: Usznavumae Wug 35-5-3,
MSH-17 uaz M1116 mmqwmﬁ’fuﬁmmgmmdw
61.6-98.9 LIURLNAT mmn%mmwﬁuﬁﬁnm?{m
$2119749 50.0-75.4 [URLNAT NaUABNINA119 uay
Adengen lilapduunaunen Avesduisoyiiasiag
801 194 1o waz@iden Heanuwau 1-2 mensade
R LTI rarnagtor & AT ) (Figure 1C) wai
ANENILRAEEMIN 6.0-7.0 IUALNAT AINNNF
LATIANLRREILIING 0.7-1.5 LTUAIAT LNVINHANAR
Faf 65.2-337.2 N3 LnuiinEanEnLade 1.3-3.0
N3 LAYHANINANUIY 50-78 Hasatinuiin 100 N5y
(Table 2, 3 waz 4)
2. NMINANTINTRA
NNTHANTINTHATEUIS C. annuum, C.
chinense Waz C. frutescens WATNITNANNAL Lfi@ﬁ’]
NTHANT 1 NTRATENING C. frutescens, C. annuum
WAL C. chinense WLA ABNWANTINANI N TTATEMINg
C. frutescens x C. annuum BANA 10 @:m‘m NITHAN
durtingzning C. frutescens x C. chinense RANA 4
AN&N C. annuum x C. chinense RANG 3 ANEN BC,F,
4 ANAN LAz BCF, 3 Angd (Table 1)
3. meﬂewLuuanﬂmwmqwmmummanNaum
7 1 (F,) anmﬂunauﬂsw 1 mmanmumw 1
(BC,F,) anwaunaumaw 2 maaanwaumw 1
(BC,F,) hasWawsnug
Lﬁ'@ﬂa‘uﬁuﬁ"ﬂwmzmqﬁﬁjmmm@,ﬂﬂmu F.,
BCF,, BC,F, harnauuiug wuan Wuﬁ'wmmuﬁ
ANHEIUDIAU WA AN NNTIN swinuasesy
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Table 1. Interspecific hybridization and backcrossing of C. annuum, C. chinense and C. frutescens

Cross breeding F,

1* backcross of F, 2" backeross of F,

C. frutescens x C. annuum
C. frutescens x C. chinense
C. annuum x C. chinense

BC,F,

Fruit set 10 pairs

Fruit set 4 pairs

Fruit set 3 pairs

Fruit set 4 pairs

Fruit set 3 pairs

Figure 1. The number of flowers per node and fruit setting characteristics of Capsicum species, C. annuum

(A), C. chinense (B) and C. frutescens (C)

ANNNNANUBING ANENITBING ATNENIUBINU
HA LI HALARE LAYSLLHANIN AN 100
n5u ‘1'71|Luﬂﬂﬁmmjwﬁﬁmﬁﬁmmmﬁﬁ (Table 2, 3
WAz 4) Wug 35-5-3-2 x CA1449-6-10-2 A2 14
pe95uliunnsnsaenelisdrAtyneadAnugnuan

F, douluny daunaudwug BC,F, uaz BC,F, Wug

PJ05-2 x MHS-17-1 HAMNNA1ansanuuInnduas
unnsineiuetelidudiAgynisadanungs F, dau
Tun) Woudsug uaz BC,F, usilalunnsnsae1ad

ed1Atyn1eadifiy BCF, dauwluny n1asuiug

v

M1116-2 x PJ07-1 Humtinuanansiofugengauay
unnsinsaeeliludAnynieada fugnuan waus

WUFINaUInUNA BC,F, uaz BCF, Maunm Wug

CA1449-6-10-1 x 35-5-3-1 TANNNN9TBINANN
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'
a A

‘ﬁlqm wazuAnpnvet v ldud1Aynnsatfile
WBauifiauiuiugiu - lungugnuay viausiug
v BC,F, uaz BC,F, o Wug PJO7-1 x
Bhut Jolokia-1 ﬁmwmmmmmnﬁm uae
LLmr]mmmmuﬂmﬂmmmnmﬂmnmu LG
Wug BCF, Lo uaz BC,F, ravam Wug 35-
5-3-2 x Bhut Jolokia-1 #A91NE19289F1UNANIN
‘ﬁlmm LL@‘VLLMnﬁiwaﬂ'wﬁﬂﬂdﬂﬁmmmﬁﬁﬁu F, e
uaig BC,F, uaz BCF, m@umum g F-3-8-2
x Bhut Jolokia-2 muwunmmmﬂmnmm WAL
wanssat e ldsdAyn1vaiffungugnuan
BC,F, A% BC,F, Wug 35-5-3-1 x Bhut Jolokia-3
Sruaunaseriemin 100 niw mnﬁ'z\;m UATWANFIS
aeeldudrAyneaianungugnuas doulug
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Table 2. Height of plant, width of its canopy and yield of chilis

Variety Type Plant height Canopy width  Fruit weight per
(cm) (cm) plant (g)
Inbred line
PJO5 (C. annuum) Inbred line 81.80 bc 70.44 d-i 411.70 a-f
PJO7 (C. annuum) Inbred line 63.90 d-h 56.45 h-j 332.20 b-h
CA1449-6-10 (C. annuum) Inbred line 71.00 b-h 78.44 b-g 483.50 ab
J-10-3 (C. annuum) Inbred line  80.60 bc 78.44 b-g 184.80 f-j
F-3-8 (C. annuum) Inbred line 81.10 bc 72.56 C-i 197.70 d-j
Bhut Jolokia (C. chinense) Inbred line  67.80 c-h 62.89 [e}] 118.50 h-j
JDO01 (C. chinense) Inbred line  61.60 gh 50.67 j 65.20 j
35-5-3 (C. frutescens) Inbred line  67.80 c-h 69.33 f-i 143.40 g
MHS-17 (C. frutescens) Inbred line 98.90 a 75.44 b-g 337.20 b-h
M1116 (C. frutescens) Inbred line  75.70 b-g 62.22 g 207.90 cA
Hybrid
F-3-8-2 x Bhut Jolokia-2 F, 73.40 b-h 78.22 b-g 362.10 b-g
PJ07-1 x Bhut Jolokia-1 F, 58.30 h 55.89 ij 307.30 b-i
PJ05-2 x MHS-17-1 F, 77.90 b-f 99.11 a 287.60 b-j
F-3-8-1 x Bhut Jolokia-2 F, 72.80 b-h 71.34 CAi 160.20 g
F3-8-3 x MHS-17-2 F, 79.30 b-d 93.00 ab 320.90 b-i
PJ05-9-2 x MHS-17-1 F, 72.10 b-h 77.22 b-g 292.10 b-j
J-10-3-1 x MHS-17-2 F, 70.60 b-h 84.89 a-f  295.10 b-j
C1449-6-10-1 x 35-5-3-1 F, 76.30 b-g 84.89 a-f  487.80 ab
M1116-2 x PJO7-1 F, 76.90 b-g 79.00 b-g 626.10 a
35-5-3-1 x PJ05-2 F, 77.80 b-f 86.33 a-f  434.00 a-d
35-5-3-2 x CA1449-6-10-2 F, 82.40 bc 89.56 a-c  444.20 a-c
35-5-3-3 x J-10-3-2 F, 79.10 b-d 74.67 b-g 241.60 C-j
35-5-3-1 x PJO7-2 F, 78.00 b-f 72.78 C-i 258.30 b-j
35-5-3-1 x F-3-8-2 F, 77.70 b-f 81.67 a-f  368.00 b-g
M1116-1 x PJ05-2 F, 80.80 bc 76.22 b-g 438.50 a-c
35-5-3-1 x Bhut Jolokia-3 F, 70.00 b-h 79.33 b-g 176.00 f-
JD01 x Bhut Jolokia-2 F, 62.60 f-h 70.11 a-i 85.50 ij
35-5-3-2 x Bhut Jolokia-1 F, 74.60 b-g 85.89 a-f  365.60 b-g
BC
(F-3-8-2-1 x Bhut Jolokia-2-1) x F-3-8-2-1-1 BC,F, 79.00 b-d 69.89 f-i 251.40 b-j
(F-3-8-3-1 x MHS-17-2-1) x F-3-8-3-1-2 BC,F, 84.30 b 88.67 a-d  248.90 b-j
(J-10-3-1-2 x MHS -17-2-2) x J-10-3-1-2-1 BC,F, 79.30 b-d 86.89 a-f 354.70 b-h
(CA1449-6-19-1-2 x 35-5-3-1-3) x CA1449-6-19-1-2-1 BC,F, 78.60 b-d 86.11 a-f 248.10 b-j
((F-3-8-3-1 x MHS -17-2-1) x F-3-8-3-1-2) x F-3-8-3-1-2-1 BC,F, 79.10 b-d 80.33 b-g 166.80 g
((U-10-3-1-2 x MHS-17-2-2) x J-10-3-1-2-1) x J-10-3-1-2-1-2 BC,F, 71.60 b-h 76.22 b-g 224.20 CAj
((CA1449-6-19-1-2 x 35-5-3-1-3) x CA1449-6-19-1- BCF, 68.00 c-h 73.89 c-h 185.80 f-
2-1) x CA1449-6-19-1-2-1-1
Mean 75.20 76.54 289.30
F-test * * *
C.V. (%) 10.41 12.01 41.37

Means with common letter within the same column are not significant by LSD test (P < 0.05)
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Table 3. Width and length of fruit and length of fruit stem of chilis

Variety Type Fruit width Fruit length Stalk length of
(cm) (cm) fruit (mm)

Inbred line
PJO5 (C. annuum) Inbred line  1.70 cf 7.00 h-n 40.50 c-h
PJ0O7 (C. annuum) Inbred line  2.00 b 11.80 a 46.80 b
CA1449-6-10 (C. annuum) Inbred line  1.30 g 10.80 ab 43.00 b-f
J-10-3 (C. annuum) Inbred line  1.00 I-p 5.50 p 35.80 h-n
F-3-8 (C. annuum) Inbred line  1.90 bc 10.10 b-d 33.30 k-n
Bhut Jolokia (C. chinense) Inbred line  2.30 a 3.80 q 25.60 o]
JDO01 (C. chinense) Inbred line  0.70 g-s 6.10 op 31.90 mn
35-5-3 (C. frutescens) Inbred line  1.10 j-o 7.10 j-o 40.10 C-j
MHS-17 (C. frutescens) Inbred line  1.50 d-h 6.90 k-0 58.00 a
M1116 (C. frutescens) Inbred line  0.80 p-r 6.30 n-p 32.90 I-n
Hybrid
F-3-8-2 x Bhut Jolokia-2 F, 1.30 i-m 8.50 f-j 39.00 c-l
PJO7-1 x Bhut Jolokia-1 F, 1.10 k-p 10.60 a-c 32.60 mn
PJ05-2 x MHS-17-1 F, 1.00 m-p 7.50 h-o 33.80 jn
F-3-8-1 x Bhut Jolokia-2 F, 1.60 d-g 6.40 n-p 32.70 I-n
F3-8-3 x MHS-17-2 F, 1.30 h-k 8.20 f-l 47.40 b
PJ05-9-2 x MHS-17-1 F, 1.50 f-i 8.20 f-l 40.50 c-h
J-10-3-1 x MHS-17-2 F, 0.70 a-s 7.30 i-0 32.90 I-n
C1449-6-10-1 x 35-5-3-1 F, 1.80 cd 8.70 d-i 39.70 C-j
M1116-2 x PJO7-1 F, 1.10 j-0 7.60 h-n 42.30 b-g
35-5-3-1 x PJ05-2 F, 121 jn 7.90 g-m 36.90 f-m
35-5-3-2 x CA1449-6-10-2 F, 1.20 j-n 9.40 c-f 34.20 i-n
35-5-3-3 x J-10-3-2 F, 0.90 0-q 6.80 I-p 29.50 no
35-5-3-1 x PJO7-2 F, 1.10 j-o 9.20 c-g 36.40 g-m
35-5-3-1 x F-3-8-2 F, 0.90 n-p 7.00 j-o 39.50 c-k
M1116-1 x PJ05-2 F, 1.30 h-1 8.00 f-l 40.40 C-i
35-5-3-1 x Bhut Jolokia-3 F, 1.10 k-p 410 q 37.70 d-m
JDO1 x Bhut Jolokia-2 F, 0.80 p-r 3.30 q 35.60 h-n
35-5-3-2 x Bhut Jolokia-1 F, 1.40 g 8.80 d-h 44.90 bc
BC
(F-3-8-2-1 x Bhut Jolokia-2-1) x F-3-8-2-1-1 BC,F, 1.10 k-p 10.10 b-d 38.10 d-m
(F-3-8-3-1 x MHS-17-2-1) x F-3-8-3-1-2 BC,F, 0.60 rs 8.10 f-l 34.10 i-n
(J-10-3-1-2 x MHS -17-2-2) x J-10-3-1-2-1 BC,F, 0.90 p-r 8.10 f-l 36.00 h-m
(CA1449-6-19-1-2 x 35-5-3-1-3) x CA1449-6-19-1-2-1 BC,F, 1.40 g 8.30 f-k 43.50 b-d
((F-3-8-3-1 x MHS -17-2-1) x F-3-8-3-1-2) x F-3-8- h-n k-n

BC,F, 0.70 g-s 7.70 33.40
3-1-2-1
((J-10-3-1-2 x MHS-17-2-2) x J-10-3-1-2-1) x J-10-3- -0 mn

BC,F, 0.60 S 7.20 32.30
1-2-1-2
((CA1449-6-19-1-2 x 35-5-3-1-3) x CA1449-6- m-p I-n

BC,F, 0.90 p-r 6.50 33.00
19-1-2-1) x CA1449-6-19-1-2-1-1

Mean 12.0 7.7 37.6
F-test * * *
C.V. (%) 11.31 9.74 8.52

Means with common letter within the same column are not significant by LSD test (P < 0.05)
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Table 4. Average weight of fruit and number of fruit of chilis per 100 grams

Variety Type Average fruit Number of fruits per
weight (g) 100 grams
Inbred line
PJO5 (C. annuum) Inbred line 8.80 b 11 uv
PJO7 (C. annuum) Inbred line 7.80 bc 13 S-v
CA1449-6-10 (C. annuum) Inbred line 8.00 bc 13 t-v
J-10-3 (C. annuum) Inbred line 3.20 j-n 32 j-m
F-3-8 (C. annuum) Inbred line 10.70 a 9 v
Bhut Jolokia (C. chinense) Inbred line 3.30 i-m 30 j-n
JDO01 (C. chinense) Inbred line 2.00 I-q 50 fg
35-5-3 (C. frutescens) Inbred line 1.30 q 76 a
MHS-17 (C. frutescens) Inbred line 3.00 k-0 33 i-m
M1116 (C. frutescens) Inbred line 2.40 I-q 42 g-i
Hybrid
F-3-8-2 x Bhut Jolokia-2 F, 8.80 b 12 uv
PJO7-1 x Bhut Jolokia-1 F, 7.10 cd 14 S-v
PJ05-2 x MHS-17-1 F, 3.50 i-l 28 k-0
F-3-8-1 x Bhut Jolokia-2 F, 2.80 k-p 37 h-k
F3-8-3 x MHS-17-2 F, 3.70 h-1 32 -m
PJ05-9-2 x MHS-17-1 F, 3.60 h-1 28 I-0
J-10-3-1 x MHS-17-2 F, 2.30 I-q 43 gh
C1449-6-10-1 x 35-5-3-1 F, 4.10 g-k 25 m-r
M1116-2 x PJO7-1 F, 5.90 df 17 q-v
35-5-3-1 x PJ05-2 F, 3.80 h-I 27 m-p
35-5-3-2 x CA1449-6-10-2 F, 5.00 f-h 20 o-u
35-5-3-3 x J-10-3-2 F, 3.00 k-0 34 i-m
35-5-3-1 x PJO7-2 F, 4.70 f-i 22 n-t
35-5-3-1 x F-3-8-2 F, 4.50 f-j 22 n-s
M1116-1 x PJ05-2 F, 5.40 fg 18 p-v
35-5-3-1 x Bhut Jolokia-3 F, 1.50 [ole 68 b
JD01 x Bhut Jolokia-2 F, 1.50 pq 65 bc
35-5-3-2 x Bhut Jolokia-1 F, 2.70 k-q 37 h-|
BC
(F-3-8-2-1 x Bhut Jolokia-2-1) x F-3-8-2-1-1 BC,F, 6.70 cd 16 r-v
(F-3-8-3-1 x MHS-17-2-1) x F-3-8-3-1-2 BC,F, 2.30 I-q 43 gh
(J-10-3-1-2 x MHS -17-2-2) x J-10-3-1-2-1 BC,F, 2.60 I-q 39 h-j
(CA1449-6-19-1-2 x 35-5-3-1-3) x CA1449-6-19-1-2-1 BC,F, 1.90 n-q 53 df
((F-3-8-3-1 x MHS -17-2-1) x F-3-8-3-1-2) x F-3-8-3-1-2-1 BC,F, 1.70 0-q 59 cd
((J-10-3-1-2 x MHS-17-2-2) x J-10-3-1-2-1) x J-10-3-1-2-1-2 BC,F, 1.80 n-q 56 df
((CA1449-6-19-1-2 x 35-5-3-1-3) x CA1449-6-19-1-2-1)  x m-q
BC,F, 3.70 h-l 26
CA1449-6-19-1-2-1-1
Mean 4.20 33
F-test * *
C.V. (%) 17.73 14.71

Means with common letter within the same column are not significant by LSD test (P < 0.05)
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BC,F, uaz BCF, @Jnmmuw?‘n%ﬁ 1921914 C.
annuum x C. chinense Wu31 C. chinense lWm1
dinuasiedy uaztnviinsaleaees C. annuum
NINANTNTHATENING C. chinense x C. frutescens
WG C. chinense WAL MINHAR DY 199 C.
frutescens AN AN 35-5-3-1 x Bhut Jolokia-3 LA %
Audn JDO1-1 x Bhut Jolokia-2 (Figure 2-3) gnuas
W3ndad 12¢%919 C. annuum x C. frutescens
FALARINENIN C. annuum x C. chinense Wag C.
chinense x C. frutescens N1suaNd 1 uadan1 194

v '

ninuasasugend natazus uwiiminuaies
taendinauazud nauanduatiniia ldun 35-5-3-1
x F-3-8-2 ANHUAULANATBNANAN (Figure 4) 35-
5-3-1 x PJO7-2 ANHUTAURATHATENANAN (Figure
5) 35-5-3-1 x PJ05-2, 35-5-3-3 x J-10-3-2 lLaz 35-5-
3-2 x CA1449-6-10-2 A1 WInWug 35-5-3-1 111w
o e i  oee o
Wugnangalungunmasldlunisnaniugiunin C.

o 4 as e ey e
annuum \asanniile T undwug lignuannd
ANGITRRLgNgn uazidaldiduneug wudn &
ANNNFNTRILANINTAR

Figure 2. The fruit characteristics of the F, hybrid generation [35-5-3-1 x Bhut Jolokia-3 (A)] from the parent

varieties, Capsicum frutescens [35-5-3-1 (B)] and C. chinense [Bhut Jolokia-3 (C)]

Figure 3. The fruit characteristics of F, hybrid generation [JD01-1 x Bhut Jolokia-2 (A)] from Capsicum
frutescens [JD01-1 (B)] and C. chinense [Bhut Jolokia-2 (C)]
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Figure 4. The fruit characteristics of the F, hybrid generation [35-5-3-1 x F-3-8-2 (A)] from the parent

varieties, Capsicum frutescens [35-5-3-1 (B)] and C. annuum [F-3-8-2 (C)]

Figure 5. The fruit characteristics of the F, hybrid generation [35-5-3-1 x PJ07-2 (A)] from the parent
varieties, Capsicum frutescens [35-5-3-1 (B)] and C. annuum [PJ07-2 (C)]

391508

nsuaNd NTiingzudng C. annuum uaz C.
chinense Wu31 C. chinense lalWmutianiinua
fiasu uazivinuaadnaes C. annuum Faiiaa
ToaiUANHUEN1IAUGNTIN uATANEIZAY 1 N9
N3NERs qALlsradAlun1snandnTinszndnegnd
aneMuiR e e snan st sra e iy
ANFIUNIUIIA wazAMNINTRINA WEBE NSl
prufidunansznuduiinin uaznananaeauad
MuNTAN L'ﬂmmnmm’LmﬁT’]ﬁumqﬁuqmmu,m
AMLANENNTUNNTsALTR (Verma et al., 2024)

534

RINFILNIULRY Kumar et al. (1987) WuaIn CRIGITEN
C. annuum uae C. chinense idnmnuzlasTulay
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(translocation) FFnam u’an@’m‘f‘: Inai et al. (1993)
PeNUIUITE 1095181 94 C. annuum rivle
IAnanadnues C. chinense vinliiinn1sannIs-
1IR3 YLALTA LWATAINTI891ULAY Shiragaki et al.
(2022) Wudn gnuanduaiinaes C. annuum uay
C. chinense iugnspanusauualiiafieufuneus
Tugiag 20 Jundassen Lwilmma@mﬁ@mq 40 TUNAY
380 NNstiafuanas araaanngyanisiasoy il
ATIREBLEBATAU WUIN AANITRAIUILATH AN T
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naUnF gnuandnatin 999WIn C. annuum uag C.
chinense wIn'd C. annuum \luuiwug @Jﬂmmu%‘ﬁ'
1 ugnsanIuAsTUNFUTiRengn lald C. chinense
Wuudwug nsnandualinues C. annuum x C.
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Y a s a a A aa
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et al., 1987)
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Effects of Laboratory Scale Fluidized Bed Heat Treatment on Some Fungal

Contamination and Quality of Paddy Seeds
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Abstract: The investigation of paddy seed cv. Khao Dawk Mali 105 after harvesting in 2019 season detected
various seed-borne fungi, Curvularia sp., Fusarium sp., Aspergillus niger, A. flavus and Penicillium sp. with
total infection of 92.25% while germination rate was 93.50%. The effects of heat fluidized bed (FDB) on the
reduction of seed-borne fungi on paddy seed were studied using laboratory heat fluidized bed facility
(Christison Scientific, UK). The FDB unit was set to a blower speed of 3.7 m/s and then varied combinations
of temperature from 60°C -100 °C (5-degree intervals), time periods of 90, 120 seconds and seed loads
of 200 g. The results found that, the increasing temperature level was able to significantly reduce
the percentage of fungal contamination on the paddy seeds and cause the germination percentage to
decrease as well. Using a paddy seed weight of 200 grams, temperature of 65°C fora period of 120 seconds
was the most appropriate trial. This treatment effectively decreased contamination by over 20 % without
causing seed germination to be below standard. However, the temperature above 70°C, the seed
germination rate was below 80%, which was not acceptable for the standard germination rate. These results

were confirmed in a similar experiment with paddy seed cv. Pathum Thani 1. Additionally, the trial at
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Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



M5ATNEAT 40(3): 539- 547 (2567)

a temperature above 85°C reduced some milling qualities from very good to good on the seed. The effects
of FDB on various levels of A. niger contamination including 25%, 50%, 75% and 100% on paddy seed cv.
Khao Dawk Mali 105 were established. The results revealed 50% decreasing of fungal contamination on the
seed after treatment with 75-80°C at all contamination levels. While, Curvularia sp. and Fusarium sp. were

more sensitive to FDB than A. niger, the use of 60°C exhibited a 50% reduction in contamination in all trials.
Keywords: heat fluidized bed, decreasing of fungal contamination, paddy seed

UNAREA: N13RREaLITIRANNRUNEAT 2ILEena1nenuEA 105 udansiLRenT w.A. 2562 ‘W‘LIL%@?’]
Curvu/ar/a sp., Fusarium sp., Aspergillus niger, A. flavus Wag Penicillium sp. ﬂmﬂm@ﬁ@vmmmmmwwn
38 9225 uaziuAadAausenianay 93,50 Lufmnmmummmms‘lummmmmuﬂmm”LmLum ALl
umﬂgumma‘ (Christison scientific, UK) m@ﬂ?ﬁmmmiﬂmﬂ@mﬂmwumLmewmmmmem Tnesasn
memmvmumqmwmu 3.7 WAAUIN AIUUATANITNAAD Imﬂmmavmu@mmu ﬂJ'J\‘]‘W]\‘i 5°C

a

7 60-100 °C sveizia8n 90 uaz 120 Funit M minuwdrdraulden 200 nfu wudh Hezdugnugigedugunse

% ‘j/ < ¥ A % ‘ﬂg/ 1 a o o o aa o v 3 ¥ IS4
anfasaznistudleusuuudndowaenlduinauetnaldsdrAymieats uasinimdndatifesazaan
sananassog naslduininiandiailasn 200 nin gruugin 65°C ilusrazionn 120 Juriduszau
Mmnnzanign arnnsnannistudenldninndifesas 20 Inadvasarnusenseandalilaimindininsgiu
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Table 1. Fungal contamination and germination percentages of paddy seed cv. Khao Dawk Mali 105 after

exposure to fluidized bed heat treatment with various combinations of temperatures and exposure

times with blotter method incubating for 5 days

Temperature (°C)

Exposure time (sec.) Contamination' (%)

Germination (%)’

Seed moisture (%)

Control - 92.25 93.50 28.0
60 90 85.75 92.25 NA
120 81.25 88.50 21.10
65 90 76.50 83.00 NA
120 72.25 82.00 19.90
70 90 69.27 25.50 NA
120 65.50 25.50 19.60
75 90 54.75 14.75 NA
120 51.25 11.00 19.10
80 90 50.50 6.25 NA
120 46.75 4.75 19.20
85 90 47.25 2.00 NA
120 42.50 1.50 18.00
90 90 38.00 1.25 NA
120 35.25 1.25 18.50
95 90 30.25 1.25 NA
120 27.75 0.75 17.80
100 90 26.25 1.00 NA
120 20.25 0.75 18.30
Temperature (F1)
F-test wox .
LSD 2.34 1.81
Exposure time (F2)
F-test > >
LSD 1.10 0.86
F1*F2
F-test ns ns
P 0.92 0.25
C.V. (%) 9.30 15.01

' Significantly different between treatments by LSD test at P < 0.01

M Not applicable

" Not significant
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Table 2. Fungal contamination and germination percentages of paddy seed cv. Pathum Thani 1 after
exposure to fluidized bed heat treatment with various temperatures with the blotter method
incubating for 5 days

Temperature (° C) Contamination (%)’ Germination (%)’ Seed moisture (%)

Control 84.00° 97.50° 23.8
60 77.25° 96.75° 14.40
65 71.00° 93.25° 14.40
70 68.00% 22.75° 14.90
75 63.75° 12.25° 14.90
80 69.25° 2.75° 13.80
85 50.00° 0.00° 13.80
90 45.25° 0.00¢ 13.50
95 38.00' 0.00¢ 13.20
100 34.00' 0.00° 12.90
LSD 5.82 478 -

C.V. (%) 6.79 10.18 -

"Means followed by the same letter within column are not significant difference from each other by LSD test
atP< 0.01

Table 3. Grain quality parameters of rice cv. Pratum Thani 1 when exposed to fluidized bed heat treatment

at various temperatures and exposure times

Temperature (°C)
60 65 70 75 80 85 90 95 100
Moisture content (%) 24.0 23.2 22.4 19.9 20.7 18.6 18.4 18.2 18.6

Grain qualities

Paddy seed color straw  straw straw  straw  straw  straw  straw  straw  straw
Brown rice color white white  white white white  white white white white
Whole kernels and 50.44 5147 5138 53.39 5258 50.02 4439 3575 1.02

head rice (%)’

Amylose content (%)° 16.19  15.84 16.16 16.53 16.66 16.10 16.67 16.89 15.99
"Whole kernels and head rice (%): < 31 = low, 31-40 = medium, 41-50 = good, > 50 = very good

? Amylose content (%): < 20 = low, 20-25 = medium, > 25 = high
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Table 4. Percentages of Aspergillus niger (Asp.), Curvularia sp. (Cur.) and Fusarium sp. (Fus.) found on

the inoculated paddy seed cv. Khao Dawk Mali 105, after exposure to fluidized bed heat

Inoculated paddy seed (%)’

Temp.(’C) 25% 50% 75% 100%

Asp. Cur. Fus. Asp. Cur. Fus. Asp. Cur. Fus. Asp. Cur. Fus.
60 20.5% 11.0° 9.7° 41.75° 233°  16.0° 55.0° 38.7° 320" 775 48.0° 35.0°
65 18.5° 5.7° 70" 37.75° 243 13.7° 495" 320" 203 705 450" 27.7°
70 15.5° 4.7 37° 305 130  7.7° 4075 29.3°  97° 6375 39.0° 27.0%
75 13.5° 43 37 2725° 11.0° 73 3625 280° 7.7 505° 320°  23.0°
80 10.75° 36 3.0 2125 80d° 40° 280° 257 73¢ 4575 233" 183’
85 9.5 277 23® 757 60" 33° 2225 130° 7.0°  36.0 22.3%  12.0°
90 6.25° 20 17® 1275 33 3.0°  16.75°  11.0° 337 20757 1637 4.3
95 55" 1.3% 1.3° 12.0' 3.3 23° 1075 7.7 270 2525”100 4.0
100 475 1.0° 100 7750 27 23 70 2.7 27 245 47 40
LSD 0.92 252 240  1.93 3.21 270 315 483 673 232 6.93 448
cv 5.64 2341 2468 5.83 1539  18.87 7.34 13.99 3377 34 15.35 14.63

"Percent of fungi (1x1 o' spores/ml) inoculated seed that were mixed with the uninoculated seed before exposing to the treatments.

*Means followed by the same letter within column are not significant from each other by LSD test at P <0.01
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