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This article presents an analytical study of the current situation and gaps in Thailand's chemical
management system, along with proposed improvements and developments. The objectives are to 1)
assess the current state of chemical management in Thailand, 2) identify existing problems and gaps in
the chemical management system, and 3) propose guidelines for improving and developing the
chemical management system to enhance efficiency and align it with international standards.

The findings reveal that despite Thailand's continuous efforts to develop its chemical
management system, several significant gaps remain. These include a lack of integrated chemical data,
inefficient risk assessment systems, inadequate law enforcement, a widespread lack of knowledge and
understanding, and insufficient support for research and the development of alternative technologies
or chemical substitutes.

The article proposes reforming the chemical management system through improved
administrative structure and supervision by establishing three levels of committees: the National
Chemical Policy Committee, the Chemical Assessment Committee, and the Specific Chemical
Management Committee. Additionally, it recommends developing an integrated chemical information
system, improving laws and risk assessment mechanisms, and enhancing knowledge and understanding
across all sectors. These reforms will help elevate chemical safety standards, protect public health and

the environment, and supporting sustainable economic development.

Keywords: chemical management, chemical management system, risk assessment, chemical policy,

chemical safety
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(Gnetum gnemon var. Tenerum)
Effect of Organic Fertilizer on Growth and Nutritional Value

of Gnetum gnemon var. Tenerum
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The use of organic fertilizers is useful for growing vegetables and ensuring safety for consumers.
Gnetum gnemon is a popular local vegetable grown in Chumphon province. The objectives of this
research were to test the effect of organic fertilizers on growth of Gnetum gnemon and to study the
nutritional value of Gnetum gnemon. The experiment was conducted using a Completely Random
Design (CRD) and divided into 4 treatments with 10 replications, including the following: T1) no organic
fertilizer (control), T2) organic fertilizer (chicken compost) 300 g/plant, T3) organic fertilizer (150 ¢ of
chicken compost + 150 ¢ of bat compost) and T4) dust organic fertilizer (enrich the plant formula)
(organic way®) (0.1 g/plant) for 56 days. The resulted showed that all treatments were not significantly
different when comparing among plant height, canopy width and the number of young leaves at the
95% confidence level. For Nutritional values and active substances in Gnetum gnemon, the resulted
indicated that powder organic fertilizers (organic way®) treatment had the highest antioxidant value
(1,658.34 mmoles TE) compared to other treatments. However, this treatment showed the lowest total

polyphenol content. The results suggested that the application of organic fertilizers is effective in
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enhancing the nutritional values and active substances of Gnetum gnemon. This data may be used as

a guideline for developing the taste and nutritional value of Gnetum gnemon.

Keywords: Gnetum gnemon, organic fertilizer, growth, antioxidant
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Table 1 Height of Gnetum gnemon after receives organic fertilizers at 56 days

Treatment Height (cm+SD)
0 days 14 days 28 days 42 days 56 days
T1 99.4+8.0 101.7+10.8  108.0+13.6  114.7+15.0 121.3+15.8
T2 107.0+18.0 107.3+19.2  1154+17.1 118.3+14.6 120.9+18.0
T3 100.8+16.0 102.9+17.8 108.1+17.0 112.6+18.2 114.3+19.9
T4 112.6+10.0 114.3+7.8 118.5+7.7 123.4+9.0 125.1+10.9
Significant level ns ns ns ns ns
CV (%) 12.9 13.8 12.8 12.4 13.7

ns = no significant different at P<0.05; SD. = Standard Deviation

T1 = no fertilizer (control); T2 = chicken fertilizer 300 g/plant; T3 = chicken fertilizer 150 g + bat fertilizer 150 g/plant;

T4 = organic nutrient (Organic way®) 0.1 g¢/plant
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(%

8091 300 ndw/eds shlsEianuniremsaasnndige
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(Table 2)
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Table 2 Width of Gnetum gnemon after receives organic fertilizers at 56 days

Treatment Width (cm) £SD No.1" No.2%
0 day 14 days 28 days 42 days 56 days 56 days 56 days
T1 53.0+#7.0  53.3+65 524484  60.5+10.3 61.7+14.2 21.0+17.8ab 3.5+2.2
T2 57.3+7.6  58.4+73 61.0+79 69.1488  65.7+9.0 27.4+21.8a 6.5+6.5
T3 55.1+13.0 55.1+13 55.7+139 66.2+11.9 62.4+10.4 5.5+5.9b 8.0+7.9
T4 50.2+6.7  54.4+52 59.1+53 629+74  61.4+84 144+128ab  10.6+10.7
Significant ns ns ns ns ns * ns
level
CV (%) 16.5 15.4 16.5 15.1 17.1 92.1 104.6

'Number of dark green-mature leaves; 2Number of light green—young leaves

* = statistic significant at P<0.05 (compare mean using DMRT method by Sirichai Statistic)

T1 = no fertilizer (control); T2 = chicken fertilizer 300 g; T3 = chicken fertilizer 150 ¢ + bat fertilizer 150 g; T4 = organic nutrient

(Organic way®) 0.1 g/plant

n1sAnwIAAIAYUINITYBRNIMAEINNIUNITTd
Uedumsd
ANAILATUINITVRILUMA 8T Ug KUY

a 6 v +)

UNIIMEUEgnIang o ANNANITNAREY USINYHA

EEERRY)
4
a 1

el 1) TWshiu mnmsveaesmuimshdidudela <
il fiusnalusAunniian ade 19.61 nu/
779814 100 nTU s09awnAe MsliUedunidgns
U15397% Organic way® vilvidilussiu 18.29 n3u 2)
Aniud wuihifiendudlunnienduiiimnnisly
{evia 3 uwuu uaznsldlieln 4 3) wodTlueasa
famun 91nnsnaasanuinteiviiliivsunamed
flueasiudionun faadesifian laun nsldde
guN3dgnsuUn3aily Organic way® vilsifiAuade
790.46 mg eq GA so9asunAe nsldyaln vinlvd

USinauwedilueasusieun 876.77 me eq GA 15
nslllddedunidla o illivsunaunedilueasiy
Hanun aae 1,070.29 mg eq GA (Table 3) 4) @13
AU adaTy (Total antioxidant activity) Wui1
nstadelvifiuruinndeduusiazgns dnasdouIuna
asdueyyadasziinululuiie Tnensldaedunsd
Organic way® ansadmiuinlulien Mlvdaiseiu
ouyadaTEaIfiqn Lad B 1,658.34 mmoles TE
sesasnnfe nislddeyaln iAansiueyyadase
18y 1,315.39 mmoles TE dmsugastdedvilily
fansiueyyadasziniian Ae msliveyalismiu
Joyan1annd vilidaade 981.63 mmoles TE
(Table 3)
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Table 3 Protein, Vitamin C, Total polyphenol value of Gnetum-dry leaves after receives organic

fertilizers at 56 days

Treatment Protein (Nx6.25) Vitamin C Total polyphenol
(9) (mg) (mg eq GA)
T1 19.6 Not detected 1,070.3
T2 16.8 Not detected 876.8
T3 17.0 Not detected 1,050.3
T4 18.3 Not detected 790.5

T1 = no fertilizer (control); T2 = chicken fertilizer 300 g; T3 = chicken fertilizer 150 ¢ + bat fertilizer 150 g; T4 = organic nutrient
(Organic way®)

Table 4 Total antioxidant activity value of Gnetum-dry leaves after use the organic fertilizers at 56 days.

Treatment Total antioxidant activity (DPPH)
(mmoles TE)
T1 1,219.4
T2 1,315.4
T3 981.6
T4 1,658.3

T1 = no fertilizer (control); T2 = chicken fertilizer 300 g; T3 = chicken fertilizer 150 g + bat fertilizer 150 g; T4 = organic nutrient

(organic way®)

1IUNANITIVY 1N155Aulneg 19t 9 drsuaAUNINNTIng

LATAIINAINTINY WUIIMNN1TNaaedliiiniy

navasludunsddanisasyiulnvasinmies
1NNANITNARBY Mantidensu 56 Tu

ToUAR1UAIINAIVBIA Y WUIIN1TNARDIN LY

s o A

403U1597% Organic war® vinlvidAugesiy

&

g
WINAFA AD 125.1210.9 ¥4 59989U1AD N1TNARDY

=~ N

YAAIUAN A guaie 121.3215.8 9. UANNNIS
naapdludanukana1sfulunisada 919t e937n
Aumdssdadulivududuvuiaidn (Shrub) (Thai

Agricultural Research Data Warehouse, 2024) v11 %

wanaefueg 19l ved Ay neaia 919tile99In
2 v v 8w a ° @
sreElIaInIsinuteya 60 1u deleeiiuludmsy
iy Fevilvideyanmisasadulndenaniliunneig
Aunnin Ndluewianalsiiuszeziamaasdli
Wwndu Wedulndesieny 56 Tu wuirdiuau
Tudiey Quun) lunsveaesildyala 300 n3u/eu i
Truuluelaninign iy 27.4x21.8 Tu &9

wansseg1aipd Ay eEdAtuIEn 3 nsldyaln

150 NFU/AU SAUAUYaA1IAT7 913t 0991nYaln
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fsnlulnsiaugs viail yald Flulasiau (V) wid
1.2-4.8% d7u yaA19A17 4 N M1AU 0.1-2.9%
(Department of Soil Science, 2001) mﬂ%}yjalﬁmﬁ]
reUrgslumdelad wagteyibrluisddidedy
ninsldyadisnnn lesanyalafiuiuusis

lulasiaugendnyadnen

nsAnwauAlavuInnsYesinvasiitun1sld
Jedunsd

1) msldidudelag vilvdnindgedivsunm
TUshusnnitan Ao 19.6 n¥u sesasnde Jedun3d
Organic war® MilliAlUsAu windu 18.3 n3u

2) lanudandiudlunndiegevesluauuis
fiiun1sléets 3 uwuu waznslailddela q 010
\esanfinseuusslumassluynnisaasssie
wisruuasefing lusgninstuneunisfiufiogig
Tuwiaunazden Wedemzinurlavuinig il
seRUgAMaTifigsnuAILAn @asaAnnsgayLde
vorinfingld fssauindunounislvianufely
mavihems Wuavalminfiudidansgamelula
dmulinadaduddusveiafiy fugfiy uay
U98an1nuIna 0uAg 9 570 35n15Usnev
o1nsisnatu loiun mssudelilasian st was
nsay i liusuaindudludngis o dszauinndu
wonsnsiulufivvanevie Wy ngndUd usdene
wasen Turss winlve 1Wudu (Tincheva, 2019)

3) wod Al ueasausianuA 11AN1TMARDY
wuin nshilddeduvisdle q vladvsinamediues
satemaiiannniiae daunisldansdunisqns
U159ty (850 Organic war®) vinlwlufivfiusuna
wodTlueasuviavin daadesifian eendlsfn
gelainsrunalnruiunisgady (Kinetic absorption)
Msagay (Accumulation) kagn1sindm (Elimination)
Auddaluivinndoei lesvsiag sunndnsiuly

Uszidudanana v edl Pandey and Rizvi (2009)

891Ul Faasdesdinisd@nuiFeanalndudund
vosanswoaTtuealunndu wu nalnuuiunisgada
(Kinetic absorption) nsagau (Accumulation) wkay
n15mdn (Elimination) dsUnineimansainniain
93AANTAN 9 1A atuanswedluoasziiy
Usglevtsionssnwgtae

4) nslddensearsomnsiiiuiudniies
Tuwslarnssuds lodwaraUSunaansiusyyadase
fnululuinivass Tnonsldansdunidgasansenmns
U1597% (Organic way®) vinlvidansiueyyadasy
qaﬁqﬂ @Ay 1,658.30 mmoles TE @uUsunaians
Aueuyadasyszausetadly laun n1slddeyaln
il %qﬁwiﬁﬁﬁwaﬂiﬁwuauyjaaaizLa?{ﬂ 1,315.39
mmoles TE vil enaiflesainiisaoinssuisdevinli
Wylasusine1n1s 1wy lulasiau Weaneda
Tnuna@on Tuszduiifiomeuazivunzandimiu
AansTunUeaTuma q vesinudesiiiuunfuas
fieuwngan 1wy UiRtenoendindu mIuansesn
1948 u n15vieruvesiowlesl n1suaniud su
Sianaseunns 9 Tuwad iy UfAse1n1sdaunsizi
Aasuas dawalinglaiinaniizaien (Stress) 1N
Jadganmuindeunigluiivuazdadeuen Loy
luivadelulasiau iliinivasedluden luliden
JuiliinAnoyyadastluszduiisn UiAsemand
finsiuvegaudedidnnseuduanizund vinlid
asdusyyadase (Antioxidants) Tusgdiuganin @
\uansiviuAsendueuyedasslaensaitedda
oyyadasylimuely viedudsufitengnldvosoyya
8d3% (Kunathip, 2021) uonaIng n1slddeyaln
USunau 150 nFu/su saiudeyaniean 150 n¥u/mu
vl uSunaansduoyyadaszaniian 019
\lesa1n AldFusiglulanaubifeme 1Hevn
lulasiuyihlviiviiludindes dwdeyadiaaiiding
Tnunaidourout19gs K0 019898 22% 1ilo

Inwnadengaiuly Meaesladuevdmaliiiviin
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anmzieson Welvliannziaion denalvinuyiua
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nanisaaNludenlumsnluasazaiesinenis KMITL 2 sanisiasgyiiule
wazarsdfyvaswssalldwsuil (Bacopa monnieri) Tussuuugnielinu
Effects of Adding Ammonium Nitrate in KMITL 2 Nutrient Solution on Growth

and Phytochemicals of Brahmi (Bacopa monnieri) in Hydroponics
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Brahmi (Bacopa monnieri) is a medicinal herb that plays a crucial role in human health.
Its Pharmacological properties include disease treatment, brain tonic enhancement memory
improvement and antioxidant effects. The purpose of this research was to investigate the effects of
adding ammonium nitrate (NH;NO3) to the KMITL 2 nutrient solution on growth and the enhancement
of important phytochemicals content for medicinal use in hydroponics systems. The experiment
involved different NH4NO5 concentrations (0 (control), 0.5, 1 and 2 mEg/L) over 8 weeks. The results
indicated that concentrations of 1 and 2 mEqg/L significantly affected plant length, number of
branches, fresh weight and dry weight (p<0.05). In contrast NH,NO5 did not affect root length (p>0.05).
The highest average amounts of phytochemicals were found in Brahmi extracted with 95% ethanol
at concentration of 0.5, 1 and 2 mEg/L, including total phenols, total flavonoids, total saponins, and
antioxidant activity measured by DPPH assays, with statistical significance (p<0.05). However, it did not
affect antioxidant activity measured by the ABTS assays (p>0.05). Therefore, adding NH4,NO5 at
concentrations of 1 and 2 mEg/L to the KMITL 2 nutrient solution effectively stimulates the growth

and phytochemicals content of Brahmi in hydroponic system:s.

Keywords: Bacopa monnieri, ammonium nitrate, growth, antioxidant, hydroponics
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wsadlsiwsud (Bacopa monnieri) fiovlu
fvayulnsifunuimlusuguanvesuywd Tned
assnaumundrinelunisinulse vrgsanes
A1UNTI9 wazduoyyadase Tnsauisveds
TanUszaed il of nwrseduaundudues
wouludenluwnsn (NHNO,) lugnsaisazaiese
91913 KMITL 2 fimunzausenisisaudivln waz
USinaansaAgniamisunndvaansuiiluszuulagn
filsau anmsiiusenlufonlunseifannududu
WANKANAU 4 529U 9 az 3 31 l@ud 0 (¥AAIUAL), 0.5,
1 uag 2 mEqg/L Wusyeznan 8 dUai wan1sAne
wudn nsifiswenlandenlunsafinnnadudu 1 uae
2 mEg/L @3150n58A UN15LAS kA ulnvoansull
I aruemddy S1uauis dinan wazdwmin
wite ag19ddudAYNI9EnA (p<0.05) ualddinane
ANYIIIINNNADH (p>0.05) NAUDIAITNENWLAL]
wui1 msiusesludenlumsaiianududu 0.5, 1
Lag 2 mEg/L USinanadesnnilanainnnsadamnsdl
728 95% Lem1uea bk USurmflueartvua
Usunamlahuesdiionn Ysuaeluduiaun
wazUfisenlunisiueyyadase 1ne35 DPPH aes
Hdpd1Ayn19adf (p<0.05) wabiidwnanaUfizen
lun1siueyyadase lagls ABTS neadid (p>0.05)
sethy maiusenludeslumsaiisysumududy 1
wag 2 mEg/L asluansansaganesneImig KMITL 2
fUszanSamnszdun1TRTAUle wagnisasie

ansdAgueansuiilussuulgniivliau

Adfsy: weull wouludeulumse
NMSRSYALLe ansiueyadaTy

szuuUgnivulinu

AN

wssalifunsud (Bacopa monnieri (L.)
Wettst.) ¥nog1u13d Plantaginaceae a1u1sanulsl
WalUluandou wazwnideu (Saran et al, 2022)
Tuvssmelnsannsanuiayngiinia Gudisae
vouduluiituuay fdnuuedduidesvenluniy
fuRuiigutu sinoenmute luifesenuuunssdu
Uareluuu aenddvnn nieduiveeu (Figure 1)
ansavereiuglaing waidndufivayulnsiiden
Wusgraunlunisundangsiavuesduiiie wu
MeugNsMLadYIne1ivdmsudansandn
asngnuadiiduasdueyyadaszlinaengy
wiu lnalalen (Glycoside) amiasun (Alkaloid)
g11UTlu (Saponin) Wazuea (Phenols) (Subashri
and Koilpillai, 2012) Sﬂwgaﬁ'dwumiaaﬂqﬁ‘mq
Fanmeiln Bacoside A (Naik et al., 2017) Fafiu
asdUsznevlunstlostussuuysyamiidfy siuds
fqiiiunrumsesivesuysd lnsammgnueives
wsufilasuniseausuinduiivayulnsiigeanes
fusjaumssdn aunsadaninnieusnniens
TsafiAnanmaiden Jamnzauiagianimuiiu
wAnSasiifloqunin FanruinuninisssuuUszam
vosuyweldunilsluaimddyfvilinisidulams
LATHINAVOIUTENAAIL ) AAAY AINTIITUYDY
padn1seusielan (WHO) avnn1salfiaii eanan
AnundniessuuUszamasifistudu 129% n1elud
A.A. 2030 felsadalaes uazanzauondon
3u 9 (Bhardwaj et al., 2016)

szuudgniglsduiduinalulagnig
ManYRsaIsaruANaMA e sialdR il
finaunmganmngaundmiunsihluldlugpaivnssy

PILaYDINISLETH 1gaIUIT0anANULE 89989013
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Vuilloumsfivainiu rsiuns waglavemiin Snits
Faiunandn srudsanszoziaailunisinizlgn
iosnnitlisngaduussigisnduldlaenssan
asazanesmoilannsafuA vanandnld
159171 (Jomthaisong et al., 2015) \iuLigInanan
Iurndud ewouiisutunisugnitslufu
(Maneeply et al., 2018) mminﬂswfumﬂﬁu
UszdnSarnnirsndnarsngnuiaiile laenis
ﬂ%’uLﬂﬁauaqﬁﬂssﬂawaqmiazmaﬁmmmi
(Kiferle et al., 2013) Fslumsmzugnitaieszuy
UgniivlfduiitadondnivilifvaIgdvlaldd
NMILATUSINOMNIMUYTIUANUA DINTVDIY
urazatin Jomthaisong et al., 2015) Iﬂaﬁmmmi
Tulasiay (N) Wussdusenaudunididdynais
wiin 1wy nsnesdlu TUsiu teulel uagnsntianddn
(Chrysargyris et al., 2016) 5@L‘1“;lusmmmwé’ﬂﬁﬁ%
AeIn1sUsIaNInlunIzUIUNTENATIEA B LA
warmIdaasiziansngnuiadl defivanansalasuly

sUveenluielenau (NH,") wazlumsnlossy

a

(NO5) (Khammar et al., 2021) ﬁ%amgﬂmuﬁ%u
unumeen1sasyiuinvesiy lunsafnvldsu
Tulasiauldiiesneazuanseinisluidndes n1s
wanlugeuldd wilunsadidolasululasiauuin
Wuldagvilrluvesiadnisiasgidulaunn Tulld
Wedu eenaenyn wagluduniuselsaniawua
madenldseavlulnsauiivangananse
Freriiustansasaivle vuiavesly wazUsune
mamﬁmimﬁwﬁymﬂuaﬂwum (Chrysargyris et al.,
2016) Snitesidmanenisnanansngnuaivesiiy
ayulnsla (Chrysargyris et al., 2017) Fodunsdnen
nsiiuuesludeuluinsnasluansazaiesine s
g3 KMITL 2 siansiasegiiule uazasdfgves
nsufilusvuudgnitvlifuasduasudunanin
gt uieuTana uazamnw dudunisdiuyad
N1aAsygnavesn van ulnsaanisunlulely
NPRFIMNTTUNITNARNEYT LAZRIMNTETURNDUAUDY

ANUADINITVDINAIALUDUIAR

Figure 1 Brahmi (Bacopa monnieri (L.) Wettst.)
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gunsaluazdsnIg
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THLHUNTNAGRLUUdNENYTal (CRD) lng
Anwnsiinssruanududuremenludonlunse
(NHgNO5) Tuasazanes19 01115805 KMITL 2
(Table 1) sionsiasuAvle wazasdrAyvoININT
Tuszuuugniiwlifu wuu Deep Flow Techniques
(DFT) wusn1svaaesaanidu 4 3an15naass Ay
szrumuduturesenludoulunsadiivady
asavany §adl 0 (gmAIUAL), 0.5, 1 WAz 2 mEqg/L
YANTNARDIAL 3 g1 9 av 12 aagugn SauTavae
144 fedan

FEUUN1UgN
ddunsuiiudaiiontoanizdiugen
ATIENIUTEINQ 6-7 Ty, fnsInuarAseen 9Nty
Ugnmaudl 3 Av/daelgn ngsddudaeenit uas
ildugilunaesszuuda 1elildlRsUgnaiely
TseFousyunavszanm 7 Yu wdsndudieasgn

vusnluszuudgnitvliaulunsazyanismaass lag

USUan3a¢a18519 0 MSIERT pH 6.5-7.0 Uagen
n1st bl (EC) 1.50 mS/cm asuauweuluioy
lumselugnsansazaesinovnstidanuiduduad
Taensine pH waz EC mn 2 Ju 1ileasy 1 dUami
sgaedsuansazarssinevsinidilunauny
2 lu 3 vesmnuguesdsldansazaty naensuziIa)

8 FUmYURIN1TVIAaDY

asiiudayanisiaigiule

Tuiindayanisaiaydulannduaiilu
svgziaan 8 dUnviweinisvnass fall

1) anugmaau lnelyldussininangiu
voasdui mioanianuanluudengaves
AUNANWINT

2) $1uAuRs TuswUA LA TRt WIN
AUNANWINT

3) AN813510 Ingleldussininainueny
1NALAUTINDIUANETINVDIAUNSANIUT]

4) iunsufiwaduiandwhminas way
ilueuuiei gunnd 600w, 1utan 24 7lus
ndutludaheinuis

Table 1 Chemical composition of the experimental nutrient solutions in KMITL 2 formula

Chemical composition

NH4NO; (mEg/L)

0* 0.5 1 2
Stock solution A
(CalNO3), « 4H,0 (kg) 3.767 3.767 3.767 3.767
Fe-EDDHA (kg) 0.303 0.303 0.303 0.303
NH¢NO5 (g) 0 40 80 160
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Table 1 (Continued)

NH,NO; (mEg/L)

Chemical composition

0* 0.5 1 2
Stock solution B

KNO; (ke) 1.796 1.796 1.796 1.796
KH,PO, (kg) 0.653 0.653 0.653 0.653
MgSO, » 7TH,0O (kg) 1.037 1.037 1.037 1.037
ZnS0Oy (9) 4.756 4.756 4.756 4.756
CuSOy » 5H,0 (¢) 1.016 1.016 1.016 1.016
MnSO, + H,O (g) 14.194 14.194 14.194 14.194
H1Bos () 8.894 8.894 8.894 8.894
(NHg),MoQ, (g) 0.343 0.343 0.343 0.343
NHzNOs (g) 0 40 80 160

Total N (mg/L) 170 190 210 250

*Using KMITL 2 formulae as control treatment

d13A11aYLadasE (Antioxidant)

1) Sumoumsann tmsufifiounisainnns
uluduavidl 4 wazdUansidl 8 undluliaziBunde
winatluaunuaa weldidusegslunishnsei
a1siuenyadase neuiuIunm 0.20 nfu anneog
Fvhazane 2 wdn 18uA Yindy uay 95% Ethanol
Usinas 20 wa. utiduszeziaan 24 $alus senslily
oaumgiivies ensuszaziadINNTesLNTTANY
N384 Whatman No.1 U5uuSanaslsinsu 20 wa. 1iu
Snwansafnluvinduiioamad don. (Fauvasain
Chang et al., 2002)

2) MIMUTIUAIATURYLADATY

2.1) USunauiluearianun vhansafamsudl
100 pL naufutnay 500 ulL L Folin-ciocalteu
reaent 100 L wenlFidTuudadadi o136 wadl
NG UAY 7% NaCOs 1 1a. waztndu 500 L

@ ' a

Wl iuudsaneld 90 urdl TnAganiuuas

7 760 nm Tay Spectrophotometer dildiiiaufy
A158¥aN8NINTFIUNTALNAGA (Shirazi et al., 2014)

2.2) Usinastalaueesimun Wiansaie
Wsudl 50 pL L@y 10% AlLCL; 100 pL e liainu
mﬂﬁ?‘u@m 1M Potassium acetate 1 ua. LLaz‘ﬁlﬂﬂébu
2.8 wa. we IR T uud i adi 903 30 urit Yaan
Qﬂﬂﬁml,mﬁ 415 nm lag Spectrophotometer Andi
LaeuivaIsazalsuInsgIuLAl0g iy (Karimi
et al., 2022)

2.3) UsuaumnTuduvanun dansadia
W3Ldl 500 pL win 0.5% Anisaldehyde reagent 500
ul wenlidniuuddaiald 10 wift andudy 50%
Sulphuric acid reagent 2 1. wealhidniu arniu
hvasavaadluduly Water bath figumgil 60°w.
fidlfunu 10 unit ndudaiis3idu Yadgandy
wasii 435 nm ng Spectrophotometer adildieu

fuansaganeuInsgIue Uiy (Vador et al., 2012)
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(3) Mg wiUisenlumsimeyyadase
3.1) DPPH lag35ve4 Shirazi et al.
(2018) \383 0.0029% DPPH fafisbilufifinunu 15
unfl ndanduiarinisganduuas (Araauau)
Mntuhansatansud 50 uL L@y 0.002% DPPH 3
ua, wehlidfuudasafidiluiifla 15 undl Tae
@jﬂﬂﬁuLLmﬁ' 515 nm 1ag Spectrophotometer 1
AfldnfuamIgns
DPPH (%) = [ AbS ontrol = ADSrmple / ADScono 1 X 100

3.2) ABTS lag3591 Leite et al. (2018)
W38 7 mM ABTS 5 mL S2uAU 140 mM K,S,0,
88 L weial3ludidaunu 16 42Tus Wensunanti
@19 ABTS 2 ua. 11139919018 99% Ethanol 150
L ndsantutaAInsnandunas (Anuau) i
arsanansud 300 pl WRuansiiesudl 2.7 va.
el fundadenaliludisn 20 Wit Saengandu
wasii 734 nm Tne Spectrophotometer tAnilaun
ANUIUAUGAS
ABTS (%) = [AbScoriot — AbSeample / AbScomot ] X 100

A15IASITIVNA

v

Y19 0U AN LA AINNITNAABIUITLATIEI

Y

AMUWUSUTIU (ANOVA) WSsuiguaaae tagls

Duncan’s New Multiple Range Test (DMRT) fissdu
AnsBesiu 95% shelusunsunsuiamesdsagy

NaN1578

n1ssgYLAule (Growth)
nmsvaaesiinkenlueslumsadiseiu
AnududuuandsiuluasagatesineIms KMITL
2 vesmadsamanilussuuugnitaliAudioduan
MIMAR8Y 8 §UATY NUI1ANNEIEY FIuIuA
dhvidnan wazdmdnude Sanuuensistuedied
Hod1AgyN19adA (p<0.05) (Table 2) TnaAruLdndy
2 mEq/L demanani1ue181dwad sveansud
unfign Ao 44.36+4.27 oy, vaugiluaandudu 2
uag 1 mEg/L wunsufifdnnuiaedsinniige fo
18.25+4.96 WAy 18.02+3.86 1 4/F U AIUEIFU
TudSuruAUTNTY 1 wag 2 mEg/L §9dINane
Uminaniad sundian Ao 7.88+1.92 uaz
6.81+0.94 n¥u AU WA Tut T Aus
WA undian A 0.58+0.11 uaz 0.50+0.07 n¥x
audIRy vusfinududu 2 mEg/L dwasonn
#191NRABINTIgA Ao 9.44:1.72 . uslaiumneing

o o

AuedslitodAgn9ads (p>0.05)

Table 2 Effect of different levels NH;NOs; on B. monnieri plants grown in hydroponic

NH;NO, Plant length  Number of branches  Root length  Fresh weight Dry weight
(mEqg/L) (cm) (per plant) (cm) (g/plant) (g/plant)
0 35.93+2.55° 9.97+0.77° 8.48+0.16 3.93+0.69°  0.31+0.05°
0.5 37.43+3.92% 11.61+2.50% 8.11+0.92 4.13+0.69° 0.33+0.07°
1 42.82+1.70%° 18.02+3.86° 9.19+0.89 7.88+1.92° 0.58+0.11°
2 44.36+4.27° 18.25+4.96° 9.44+1.72 6.81+0.94° 0.50+0.07°
P-value 0.037 0.034 ns 0.008 0.011

mean + standard deviation, ns = not statistically significant (p>0.05)
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d13A1UaYLadEsE (Antioxidant)
USinasiluearianun wuindavinasany 95%

evuea Tuduanid 8 anuidudu 0.5 mEg/L wu

USunauadsuiniiagn Ao 80.55+2.89 ugGAE/mL

fAnuuana1siueg1sldyd Ay n19aif (p<0.05)
LLﬁiﬁiﬁﬁaxawﬁﬁﬂgﬁLﬁﬁmmLLmﬂﬁiﬂﬂaﬂﬁdﬁﬁ'ﬁlﬁﬂﬁm
N9EdR (p>0.05) NeludUa%?l ¢ wavduanvd 8
(Table 3)

Table 3 Effect of different levels NH4NO; on TPC (ugGAE/mL) of B. monnieri in hydroponic

NH4NO; Solvents
Distilled water 95% Ethanol
(mEg/L) 4 weeks 8 weeks 4 weeks 8 weeks
0 50.17+6.36 54.94+4.36 73.88+6.70 72.14+4.22°
0.5 57.14+7.45 62.06+3.65 83.35+2.49 80.55+2.89°
1 46.99+2.80 57.37+1.90 82.52+3.98 77.75+2.62%°
2 47.06+1.59 56.15+4.52 80.13+5.30 76.15+0.90%
P-value ns ns ns 0.043

mean + standard deviation, ns = not statistically significant (p>0.05)

Usuamanlauegaviarin wuindvinazane
95% Lonuea TUdUAIN 4 ATy 0.5 mEg/L
HAnuuana1snueg el dedAy n19ais (p<0.05)

Wuﬂ%mma?{wmﬁq@ g 189.71x3.64 pgQE/mL

WU eafusvhazatsdindu luduaviv 8 fe
72.76+3.29 LugQE/mL uardUa Wil 4 fie 67.09+6.99
ugQE/mL (Table 4)

Table 4 Effect of different levels NH;NO; on TFC (ugQE/mL) of B. monnieri in hydroponic

NH4NO; Solvents
Distilled water 95% Ethanol
(mEg/L) 4 weeks 8 weeks 4 weeks 8 weeks
0 54.52+0.73° 66.09+2.97° 173.95+3.00 165.61+5.94
0.5 67.09+6.99° 72.76+3.29° 189.71+3.64° 168.00+3.77
1 67.04+2.97° 67.95+1.43° 180.71+2.60° 175.61+4.36
2 65.61+2.18° 68.57+0.75% 181.80+3.29° 170.85+6.54
P-value 0.013 0.045 0.002 ns

mean =+ standard deviation, ns = not statistically significant (p>0.05)
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Usanamnldduienun wuindavhazane
95% Len1uea Tuduasii 8 Arsdudy 0.5 mEg/L
wuUSu1ied suinyiqn @o 76.19+3.25
mgSaponin/mL ludnvesduaiii 4 anududuy 1

mEq/L wuuSunauadvandiae de 61.51+4.34

mgSaponin/mL sotanfvharateuindy lu
FUa9id 8 Arandudu 0.5 mEg/L wuuSunanads
uInfign Ao 9.12+0.22 mgSaponin/mL uagly
FUaifl 4 anandudu 1 mEg/L wutBinauadesnn
ﬁﬁjm A® 7.83+0.71 mgSaponin/mL (Table 5)

Table 5 Effect of different levels NH;NO; on TSC (mgSaponin/mL) of B. monnieri in hydroponic

NH4NO; Solvents
Distilled water 95% Ethanol

(mEg/L) 4 weeks 8 weeks 4 weeks 8 weeks

0 6.31+0.09° 7.46+0.68° 54.39+3.04° 65.62+3.29°
0.5 7.72+0.02° 9.12+0.22° 60.65+1.23° 76.19+3.25°

1 7.83+0.71° 7.71+0.54° 61.51+4.34° 72.14+1.41°
2 7.22+0.28° 7.64+0.92° 56.61+1.24%° 72.52+2.83°

P-value 0.005 0.046 0.043 0.011

mean + standard deviation, ns = not statistically significant (p>0.05)

Uisenlunisiueuyadase 1ngis DPPH
WUIIFIazats 95% tenuea ludunsii 4
ATy 1 mEq/L wuuSinaiedeunniige Ao
14.45+1.43% wazludUa1nii 8 mnandudu 0.5
mEq/L wuUinaladeunniian Ao 8.17+0.62%

sesasuIfiazatsuingu luguasii 4 Ay
Wudu 0.5 mEg/L wuu3umad sunniiqa Ao
5.67+0.55% luvazdUa1sii 8 wuusSuiiade
unnfianlugnnIuny Ao 5.19+0.55% (Table 6)

Table 6 Effect of different levels NH;NO5; on DPPH (%) of B. monnieri in hydroponic

NH4NO; Solvents
Distilled water 95% Ethanol
(mEg/L) 4 weeks 8 weeks 4 weeks 8 weeks
0 4.87+0.60%° 5.19+0.55° 11.95+0.24° 7.97+0.48°
0.5 5.67+0.55° 4.14+0.38° 13.93+0.42° 8.17+0.62°
1 4.99+0.18% 3.82+0.30° 14.45+1.43° 6.68+0.13°
2 4.47+0.12° 3.74+0.24° 12.52+0.86" 7.41+0.27%
P-value 0.047 0.007 0.025 0.10

mean + standard deviation, ns = not statistically significant (p>0.05)
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Ufisenlunisiueuyadase ne3s ABTS
wuirdwhagargiinau Tuduanvin 8 Aty 1

mEq/L wuUSunaadeanasiin Ao 96.89+0.49%

Hmuuananeiueg Nlted Ay 19Ena (0<0.05) We
fviavaty 95% Loy1uea lUlANULANAIINEDR
(p>0.05) NeludUA9i9l 4 wazdn19in 8 (Table 7)

Table 7 Effect of different levels NH;NO5; on ABTS (%) of B. monnieri in hydroponic

NH;NO, Solvents
Distilled water 95% Ethanol

(mEq/L) 4 weeks 8 weeks 4 weeks 8 weeks
0 96.52+0.53 94.92+0.48° 98.68+0.90 99.24+0.57
0.5 96.80+0.93 94.97+0.90° 99.66+0.57 99.57+0.14
1 97.31+0.64 96.89+0.49° 98.91+0.08 99.47+0.29
2 96.24+0.58 96.80+0.57° 99.09+0.16 99.19+0.35

P-value ns 0.006 ns ns

mean + standard deviation, ns = not statistically significant (p>0.05)

32150iNaN1538

NATNAAINITIIYRULR uazansdAey
goanssalduinsud 7R useduanududy
wonlaudoulumsanuin Aueddy $1uaua
dmiinan waztmnuste fauwansneiuegied
Tfodfyn19aan (p<0.05) Asgduaudud 1 uas
2 mE/L Feiivsunaslulasiousiavian 210 way 250
un./a. llaenadesiu Ruangdej and Laohavisuti
(2012) Anw1ANUIUHTUVRIENTALANYTINRIMNTENT
KMITL 2 siensiasayiiulnvesnsuiilussuuigniny
1%y wudn Vsinadlulasiouianun 57-170 un./a.
fnsasyiuladfign densldlulasauluina
Funzandudsududmsunisasydvinvesiiy
yian1e q daruraslunisdunsiziaisisznou
dunidnansvie wu nsnozdlu TUsAu oulul way
nadaIAasn (Chrysargyris et al., 2016) N3
wiydulavesiivfiwnnansfudeddmnududuyes

Tulasiaulusgaunmunzay fegrary Tun1sane

nssiulavessuallesiug lngssAuaUTLTY
vaslulnsn 200 un./a. aansaiuANNgIveIRiY
Iavgnamungau (Chrysargyris et al., 2017) wagn1s
WIYLAULAVDIAULAD WUIT TEAUAMNTUTUVDS
luiwsm 14.6 mM anansaiiaengs s admdnlu
(Khammar et al., 2021) uananiin1sasaivla
POIFUTUTENT WUIITEAUAMNTUT UYL ULA A
5 mol m? dsdanaliinnisasislu (Kiferle et al,
2013) Fedonndastunisdinui 1iosa1nn1sidia
seduanududuvesuenludeoulunsalutladois
wasomasniule warlinandansudaedu fudy
Mnsansnszfuvesnenlufenlunsmeraifisndes
fuunumsinensiulasiuiidfysionisdaunsiz
ABLEAL U3 ONTZUIUNITHINAIYVDIAITUTENOU
Suvisdlufivfidaadumsiasasiuln (Khammar et al.,
2021)

NNSANANTULAE 95% Ethanol wuuTunwu
a1sngnuaiigs loun USinasflueaiiavan Usuiel

Wahweuaavin Usinamluiunvun uasUfizen
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lunisinueuyadase lneds DPPH Anuunneneiu
agaiifadAyn19add (p<0.05) Asefuaududy
0.5, 1 kay 2 mEg/L fusinalulpsiousiavae 190,
210 waz 250 un./a. F9liaenmdostu Ruanedej
and Laohavisuti (2012) Anw1A1ududuves
41502A1851981M15gRT KMITL 2 an13d1ueuys
daszvoansuiiluszuuugniivliau wudinisuan
wsudlidanninansitueyyadasegenisidaiiy
WuTUYDIA158a1851981M15805 KMITL 2 anad
TaguTualulasiau 57 un/a. dewadsou3uiu
asUsneuiiuearnun wWudefuufaseluns
#1usuyadase 1as3s DPPH 10391015910
asemsinaliiuAnauaien wazuiuduile
Snwiaugavesiualulad Ssqusnisdnueysadasy
Veaiiyuilanng o e5urefanisiiegvesdiulszney
fivengusniedanw uagwanmadl (Khammar et al.,
2021) fvffiusafiueageannsadeaiunisiin
pondindurenioifeo arnnmaridnouyadase uas
Fufaiaesoenindy (Chrysargyris et al., 2017)
fhogaty Vinafluoaaunsafisdudeldsuamnu
Wuduvasluwsn 14.6 mM Tuduias (Khammar
et al., 2021) uagAaduTuYeslwAIn 200 Un./a.
TuAuaumes (Chrysargyris et al., 2016) lagna
yoshilasauausansedunsdanseiasoongns
metanldmudetumsnei deinisuszgndld
sinomsiulasiulussuudgniialiaulaiie s
demanon1siasaiuln wissaunsamusnsIng
dupsivsinas waznisavauaisiulamse vinlvife
nsdunsginiaiinmesansyAegiidaifuou
Jussduszneundn dudumsusznouveanisin

BUsavesy (Barzegar et al., 2020)

#3UNan133Y

MnMmsRnuszduATIdt TNy auves
wonlufouluimsaaonisiasyiule wavansanngy
vosnssadliimsudlussuuugnitaliiu wudims
Wisnwonlufenlumsnanansansedumsiaiapiule
Snviadwmarenmuamuemauidsivsinaasngny
wiigedu fadu maduenTudoulunsaiisedy
ANUNTY 1 Uay 2 mEg/L aslugnsansavanesis
91913 KMITL 2 aansodaasudunandaligeiu
flaUTunnmaraunwvamsuiluszuuUgniilitu
Tngivayulnsfivgnuuuliduazligninisdinm
fladies uazannsomuaulilagnisdanissineims
Fadudssndulunisadreaunaszninemnis
RS YLAUIAVDINY WAL AITHANEITEENA QYVOINY

Wielstleniadigalunsimunidundadosiiiogunm
AnAnssuUsENIA

HadevevauanuUnT 9wl d1msu
Az lun1si3delvgnaes saudenuesmalulag
nsinens danndumalulagnszaeuinaninnunms
aranseds A ldansatuayueUnaaiuasd ud
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Musa sapientum L. cv. 'White Sheath Namwa' is a variety that farmers are encouraged to plant
as a monoculture to enhance agricultural production and commercial value. Consequently, the
government agencies employ plant tissue culture to propagate numerous plants, resulting in low genetic
diversity. This study aimed to enhance In Vitro propagation of 'White Sheath Namwa' cultivar using a
method that involved employing a combination of chitosan and cytokinin. Aseptic banana plantlets
were propagated on MS supplemented with 2 mg/L TDZ and/or 4 mg/L BA either with or without 20
me/L chitosan. Results showed that explants cultured on MS + 4 mg/L BA exhibited the highest fresh
weight (3.6 g), greatest number (1.8 shoots/explant) and length of shoots (10.4 cm), and most abundant
roots (3.5 roots/explant) and longest roots (5.9 cm). When bananas were grown in MS without cytokinin
and MS + BA (4 mg/L) + TDZ (2 mg/L), chitosan accelerated the growth of the former, while it slowed
down the growth of the latter when BA (2 mg/L) or TDZ (4 mg/L) was introduced. Thus, chitosan and
cytokinin were used on 'White Sheath Namwa' tissue culture, impacting /n Vitro growth. The effect

depends on the concentrations of both chitosan and the growth regulator.

Keywords: In Vitro culture, M. sapientum, chitosan, cytokinins
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UNANED

ndreiiiugnvdundreiuiilasy
nmaduaduliinunsnsdgn lnenisugniduiingaien
iensnAnmanunTLaz sty damaliniadsly
FBsnzidsaiedsveefuiuguaunnshli
mmwmﬂwmamqﬂ’uﬁqmiuﬁﬁ msisundaiilgFnm
nsve1euindreritugniveidaeiznig
wnzdsadiode semsldanslalpeuswiulalaladu
Tnerhd udrundogeuiivasnd sunizid seuu
9193gMs MS 7l TDZ (2 un siodns) uaz/ve BA
(@ un.neans) Gnseliidlalaeu 20 un.nedns 1u
svezan 8 dUav wuIduduneilinzdesuy
9IM3GNT MS + BA (4 un.siodns) dn1siaeiivle
fifningudumiofinsd BIVUGATOIMNT MS + TDZ
2 un.fodans) Ineduuilduindnan (3.6 n3u)
$1uau (1.8 gendotudiu) Anuesen (10.4 91
$auTn (35 MneetudIn) wavarueTn (5.9 i)
Funnnin Wed st endreimizia sdlusims Ms
Flaidalalaladuuazomns MS + BA (G unsiedns) + TDZ
2 un.aedns) lalngruazduaiunisasyiavle
1ty vasieatulalaguazsrasnisiasaiivla
Tuems MS 7iiiu BA (4 un.siedns) se TDZ (2 un.
oans) sthdlaogrmils fafu msldlalavunas
lalnladulunsimnzdsai el ondretriniven
dsmasennaiyivinlunasanaans 93 uag iy

YSnamesansmivaunsiasaiulauaslalagu

AdAY:  NszEsRiBlEeiy NaleUI
lalagu lelalatiu

AN

P Ge TNy ugnuUN (Musa sapientum
L. cv. 'White Sheath Namwa', Musaceae) Janueue
WU Ao wWikazalug aseelalruninunsnsiunig
Ugnidufiviasugiadaden dagtunhsnuenis

Lvg1efuRugNaI8TIUIUNINAIETTNITINIBLa 89

v
=

vl 918 8lsnemsns v AINUNAINUNAIENIS

[ 12

fugnssundreusidan esanmsvenewusiae
A3z sl o efty neUstuanineanie
Avdsunasedeguuss fedanudnduluniadia
FnonmvesduiusluaninUaendedasisnns
wnzidsailodendreiug lnensnsedulndede
Rufnnzidsninanimaioai s ulenianin
NANUAL VDI NBULLAAIODNAIVIZNITAN & LU
wigrindrsaninuind enuazarsiadag o
(Deepthi, 2018; Reboucas et al, 2021; Liu et al,
2024) udiu

laloguid uoywusvesladui Ldan
lnssasadenudwesdnilifinsegndumds (Kurita,
2006) denumnldiunainrarslunienisinuns
samsUgdnt 1wy 1A 89803 (Senkwankaew,
2022) waznisiwizdgnity Tnenseduluiyvaigyin
Aan1snevausslimumuinndy sielusdannens
LaTn1TIIELA Bl o1 ot (Choi et al, 2016:
Malerba and Cerana, 2016; Iriti and Varoni, 2015;
Cho et al, 2008; Ali et al,, 2011) Tunslalalagiu
fumamzidsaidedeiy amnsanszduvieduds
Wodeildunnisiumuriinvesity undafiuuas
At ufuveslelagudild (Feri and Tassoni, 2011)
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anunaudiuraulaveslalagudadiedy Sadu
flarnpsmAdetl Tned Yng Usvasd il of mywemedalam
saunvlglalaidu 2 ¥ila Ag Benzyladenine (BA)
wag Thidiazuron (TDZ) @iamm%zglﬁuimamfm%
ndeiiugmurluanwdsende Vil
FustugFruauannluszeznansudu wagorudiy
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WukA eIt uuIdeluaqu (Singh et al, 2022) 417
(Hidangmayum et al, 2019 ) 917@18 (Ghorbanpour
et al., 2020) LLasﬁbwjiJ (Farouk and Amany, 2012)
Hudy

auUnIaluadsnIg

NISATENADDENNNY NI TIUTNIUUT

Uanne N iugwiniug1eiuginalanInenunsves

AudveeRugNYT 2 Fanianse dnvesdauldau

wdabidugudiugunsignuiaivuauszana 3x3
%y, Wenyd Y onlua1sazaly Clorox 20% (A

tween-20 §1u2U 2 ven) 200 wa. LUuan 20 uidl
AIuAua1sazane Clorox 10% (AU tween-20
1w 2 vea) 200 wa. WWunal 10 wiil ualanee
vndulsende dausadeidoduildemedicly
LLé’u‘wwL?T&N%udaumuuqmwﬁa gns MS Fifiu BA
4 un.fedns AevntuusneAnlrlunAes
vweIMIansiy ulsduuiisawe uadadevie
faaunnzdssuoimaudagns Ms lifuans
AIUANNITLITYLAULA (without PGR) Nouvinn1s
npasadunan 4 dUasi euSuanmidedenou
nsneassnald

N5 UNITNAABY VIINITITIUNUNNS
naassuugduanysal (Completely Randomized
Design: CRD) Waguileunisimnziassunenmsibl
Wusansmuaumassyiulauaglalasy dlale
%14 (Orchid-80 US¥w ledudn walulad 3119 A
WNTY 10 un.mediadans USuns 0 Lay 2 Ua.Aoans
Tue1msiieeeuRgINIBlANIINAY TDZ 2 Un.Fie
875 uav/130 BA 4 Un.APART SINIAY 8 N5TUIT
(Table 1) uiazns5uA3ld 25 feghs §1uau 3 91

Table 1 The combination of chitosan and cytokinin in MS medium for cultivating M. sapientum L.

cv. ‘White Sheath Namwa’ in various treatments (T)

Medium

Without chitosan

20 mg/L Chitosan

MS + without PGR

MS + 2 mg/L TDZ

MS + 4 mg/L BA

MS + 2 mg/L TDZ + 4 meg/L BA

T1
T2
T3
T4

5
T6
T7
T8

Prvianangnigiaeanigldaninlasnie

1NFALATIALIVUNN 1-2 3. WNSLAEIUUDIITNID

a

405 MS Tunssudsene o AANUANILLNUNITNAGEY

AIUANANINWINS DU UNATN 25+2°%. Tikasann
vaeANgoBLsalgun AMLTNLAY 1,000 4nd (13.50
umol/s/m?) Wussegiian 12 vu.setu redudiy
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ase sl 4 §Uai Inewmnzidealuszesiia

8 dUnnvi Yuiindayanisiasaiule taun S1uiuuae

1%
o

ANUENIvRdLen Tu 91 wazdmtnan
nMsAesEinIeEin hdeyaumeade
wazAdndeauunasgiu nsgianuuususy
(ANOVA) sirelusunsud1isagyu SPSS (Ver. 18)
Wisuifisuanuuaninavesriadededs Duncan’s

Multiple Range Test (DMRT) #15AUAMWIU 95%
NANTTIY
dedeaiagendeurinugniuriluemis

gns MS Miauvdinveslelaladusuiulalagiu

AMILTUTULANANTY LTUSEezIaT 8 #UANY WU

winvelglalaiuduulinduasunisasyivlnves
daondeihiusnurnuendistu Tae BA 4
un.siedns smhliidedewsydulaldfniy T0Z 2
un.sedns velugnsilifuuasidy lalagiu
i osanniuualdudvdnan (3.6 way 3.4 nu
ANUESU) §1UILEen (1.8 WAz 1.6 yonsad uay
AUAPU) ANBNIEDA (10.4 ag 7.1 . AUa1aU)
$MausIn (3.5 uay 1.4 S1nseTud mMudRU uay
ANENIIN (5.6 WAL 5.9 ¥, AUAIRY) Tiunnnan
WFEN13LAN BA 4 1n.698AT 39UAU TDZ 2 UN.ADANT
ndududanisesadvingd o ondae Tnsane
ALENNTINLATTIUIUTIN Yrninanvedd udau

fmziaes (Table 2)

Table 2 Growth of M. sapientum cv. ‘White Sheath Namwa’ when cultured on solid MS media

supplemented with chitosan and cytokinin for 8 weeks

Chitosan PGRs Shoot Root Leave Fresh
No. Length No. Length No. Length Weight
(mg/V) (cm) (cm) (cm) (9)
0 without PGRs 1.2+0.6 8.7+5.0® 3.4+3.0% 8.4+8.8° 4.6+2.1 4.8+2.2% 3.0+2.2%
2 mg/L TDZ 1.0+0.1 9.0+1.0° 23+2.1%* 2.241.0° 5.3+0.6 4.3+0.5% 2.9+1.9%
4 mg/L BA 1.8+1.3 10.4+3.5% 35+30° 5.6+7.4% 3.3+1.4 5.1+2.6™ 3.4+2.6°
4 mg/L BA+ 1.8+2.2 5.9+3.8° 0.2+0.4° 0.3+0.4° 4.1+1.6 3.1+1.5° 1.5+1.2°
2 mg/L TDZ
20 No PGRs 1.2+0.4 11.243.2° 3.3+2,1%* 9.247.9° 4.9+2.5 6.0+2.8° 3.241.9%
2 mg/L TDZ 1.0+0.2 6.2+41.0° 0.3+0.5" 0.5+0.9° 5.3+3.5 2.7+0.7° 2.0£1.6%
4 mg/L BA 1.6+1.2 7.1+4.2% 17423 5.9+8.2% 3.7+2.1 3.8+2.3% 3.6+3.6°
4 mg/L BA+ 1.10.3 8.2+3.2% 1.4+1.8 1.6+1.2% 4.741.9 3.7+2.1% 21+1.6™
2mg/L TDZ
Mean 1.4+1.0 8.1+4.2 2.242.5 6.4%7.9 4.242.1 4.242.3 2.942.5
F-test ns * * * ns * *

Data are presented as mean+SD, Values with different letters within the same column are significantly different

at P<0.05 probability level by DMRT. ™™ not significant and significant at P<0.05 probability level
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Chitosan \ PGR No added

2mg/LTDZ 4 mg/LBA 2 mg/L TDZ+4mg/L BA

Figure 1 Growth characteristics of M. sapientum cv. ‘White Sheath Namwa’ explants cultured on solid

MS media supplemented with chitosan and cytokinin for 8 weeks (bar=1 cm)
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This study evaluated the impact of the fungicide Pyraclostrobin on fruit skin color quality in the
"Dow" variety of longan (Dimocarpus longan), using 20-year-old trees in a farmer's orchard in Muang
district, Lamphun. Pyraclostrobin was sprayed at a concentration of 10 mL per 20 liters of water when
the fruit reached a diameter of 1.5-2.0 cm (60 days before harvesting). The experimental design was
Completely Randomized Design (CRD) with four treatments as 1) untreated (control), 2) one application
30 days before harvesting, 3) two applications at 30 and 45 days before harvesting, and 4) three
applications at 30, 45, and 60 days before harvesting. Results indicated that two and three applications
of Pyraclostrobin significantly increased fruit brightness (L) compared to the control, though there were
no significant differences in the red (a) and yellow (b) values among the treatments. Chemical residue
analysis revealed treated fruits contained very low levels (0.02-0.05 mg/kg) within acceptable MRL
standards while no Pyraclostrobin was found in the control fruits. The disease index at harvest showed
21.9, 13.7 and 13.5% in the one-application, two-application, and three- application treatments,
respectively, significantly lower than the control (37.6%). The study demonstrates that one to three-
applications of Pyraclostrobin before harvest can improve fruit brightness and reduce disease index

without exceeding MRL standards.

Keywords: pyraclostrobin, longan, skin color quality, disease index, residue analysis
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N19a06 (Table 1)

Table 1 Fruit skin color of longan treated with pyraclostrobin spraying before harvesting

Treatments

Fruit skin color

Lightness factor

Chromaticity Chromaticity

coordinate (a) coordinate (b)

Untreated (control) 42.86b 13.63 27.67

Pyraclostrobin spraying once 44.63b 13.55 27.17
before harvesting

Pyraclostrobin spraying twice 52.15a 15.64 32.87
before harvesting

Pyraclostrobin spraying thrice 54.37a 12.55 32.76
before harvesting

F-test ns ns

Means within the column followed by the same letter were no significantly difference at p= 0.01 by the Least Significant

Difference (LSD).

ns = not significant
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VUIANA
nmstdlnsilaaalasdudaduasiosiu
wagiInesImenunINKaa lenuln Ludunase

Pninsena Usunauveswdsnazatsunls llwansng

pgslvdAgyNeats (Table 2)

Table 2 Fruit weight and total soluble solid of longan fruit treated with pyraclostrobin spraying

before harvesting

Treatments Fruit weight (g) Total soluble solid (°Brix)
Untreated (control) 10.10 18.02
Pyraclostrobin spraying once before harvesting 10.05 18.10
Pyraclostrobin spraying twice before harvesting 11.09 19.10
Pyraclostrobin spraying thrice before harvesting 11.20 18.53
F-test ns ns

ns = not significant

a ' = v o
n15ATITIEsAlinnA1elunaanly
PNMSIRaBINUINNTsIA S AN Ul lPaalns DU

U 1-3 A59 wadualeluszeaznowAuiien 30, 45

way 60 U WiadesizviansnnAdluladlonsiany
TnsleaalnsOu windu 0.03-0.05 Jaansusanlansy
(Table 3)

Table 3 Chemical residues in fruit pulp of longan treated with pyraclostrobin spraying before

harvesting
Treatments Pyraclostrobin (mg/kg)
Untreated (control) 0.00
Pyraclostrobin spraying once before harvesting 0.03
Pyraclostrobin spraying twice before harvesting 0.02
Pyraclostrobin spraying thrice before harvesting 0.05
F-test ns

ns = not significant

nsuUsziliulsanaane

Tuszesd 1 svoziinavmufvundusiy
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Tuudaznssuis annisveaesnuitlussesd 3 e
waflvunn 2.5-3.0 gy, nssudsAnulnslaaalasdy

[
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({1 10.7%) eg1eafidudAyn19aia lneyaaiuay
Anlsafifmauagiionmanaunn suanuidenuay
wasutiuTndmauasiudena lussosfuiien
HadlvuInlduHugUENand 2.8-3.0 Bu. WuIINTINIE

A A o S &
V]WUIW?WIﬂﬁIWTUu AU 2 ey 3 ATI ABUNITENU

el waaledaainisiinlse 13.76 way 13.60%

muaeU WelUIsuiiiguiuyanluauiauinisiia

15A 37.66% (Table 4) aN¥ULaINITUBILTA WIAKNA

ANYUSIUTING UIKA WaENTEINYNIVUNIUEBN

(Fieure 1)

Table 4 Disease index (%) of longan fruit across various growth stages treated with pyraclostrobin

spraying before harvesting

Treatments Disease Index (%) across various growth stages

by fruit diameter

1.5-2.0 cm 2.0-2.5 cm 25-30cm  2.8-3.0cm
(harvest)
Untreated (control) 0 1.10 10.78 a 37.66 a
Pyraclostrobin spraying once 0 0.47 3.13b 2191b
before harvesting
Pyraclostrobin spraying twice 0 1.10 4.07 b 13.76 c
before harvesting
Pyraclostrobin spraying thrice 0 0.33 329b 13.60 c
before harvesting
CV (%) 93.20 66.28 14.10 93.20

54



Journal of Agri. Research & Extension 42(1): 49-57

Figure 1 Disease rating scale (0-4) and fruit disease severity in each treatment at harvesting

(a) Untreated (control)

(b) pyraclostrobin spraying once before harvesting

(c) pyraclostrobin spraying twice before) before harvesting

(d) pyraclostrobin spraying thrice before harvesting
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This study aims to determine the type and concentration of disinfectants that inhibit
microbial growth in laboratory conditions while being suitable for sugarcane tissue culture. In the
initial step, microorganisms contaminating the Murashige and Skoog (MS) in an open laboratory
system (November 2020) were screened. Eight fungal isolates were found, including Aspergillus
sp., Trichoderma sp., Fusarium sp., Gliocladium sp., Curvularia sp. and a yeast, as well as two
unknown species lacking identifiable fruiting structures. Five bacterial isolates were also identified,
consisting of one gram-positive and four gram-negative bacteria. Subsequently, the type and
concentration of disinfectants were tested to control each screened microbial contaminant in
the MS medium. It was found that sodium hypochlorite at concentrations of 0.17, 0.25, and 0.33
ml/L effectively controlled microbial contamination. In the sugarcane tissue culture experiment

using non-autoclaved MS medium supplemented with 1 mg/L kinetin, 150 mg/L citric acid, and
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sodium hypochlorite at concentrations of 0.20, 0.25, and 0.33 ml/L, g¢ood growth and

development of sugarcane tissue were observed, with no significant differences compared to

traditional tissue culture methods.

Keywords: sugarcane, antimicrobial substances, low-cost tissue culture, open tissue culture
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Table 1 Number of fungi and bacteria (colony/petri dish)

Treatment Sugar Sterilized Auto- Opening

Number of fungi and Source of

petridish clave the petri bacteria (colony/petri dish) contamination
(A (B) (@)} dish (D) Fungi Bacteria
1 / / / / 4.1 0.3 Air
2 / / / X 0.0 0.0 -
3 / / X / 14 0.0 Air and MS
a4 / / X X 0.4 0.0 Air and MS
5 / X / / 0.5 0.2 Air and Petri dish
6 / X / X 3.8 0.9 Petri dish
7 / X X / 1.1 0.1 Air, MS and Petri dish
8 / X X X 1.3 0.0 Petri dish and MS
9 X / / / 4.1 0.2 Air
10 X / / X 0.0 0.0 -
11 X / X / 0.5 0.0 Air and MS
12 X / X X 0.0 0.0 -
13 X X / / 33 0.4 Air and Petri dish
14 X X / X 0.2 0.1 Petri dish
15 X X X / 1.4 0.0 Air, MS and Petri dish
16 X X X X 0.0 0.0 -

(/) = yes, (x) = no

NNIINAdaUUTEAVSANvesasadlunig
gUﬁx‘iﬂﬂiLi]%in‘UaﬂL%@iWLLaZLLUﬂﬁL%EJU‘L!L%E]U Wi
%ﬁmuammm‘ﬁm%umiﬁmmzamammwﬂm
Wordunidudazuiin Ingvinimadeuiios 8
Tolsian (F1 = Aspergillus sp., F2 = cannot specify
type, F3 = Trichoderma sp., F4 = Fusarium sp., F5
= Curvularia sp., F6 = Gliocladium sp., F7 = cannot
specify type waz Y1 = Yeast) wazidouuaiiie 5

Tolaan (B1 = wuUATSewNSUUIN ke B2-B5 = wuAiiise

wnsuau) fiwenlglunisvaaead 1 Tuemsans Ms
U1 Sodium hypochlorite AMMLTLUY 0.33 Wa./a.
annsadudadosilads 6 lelewan (F1, F2, F3, F5, F6
way F7) usililguds Fa aiaumié’uégﬂmmﬁzwm
WUATILTY WUINE19LALl Sodium hypochlorite 526U
Aty 0.20,0.25 uay 0.33 ua/a. aansaduds
FouuaitiBeldn 5 lelotan wazansiadl Povidone
lodine AHWNTY 0.10, 0.15 Waz 0.20 1a./a. @115
Fuadesls 6 'leluan (F2, F3, F4, F5, F6 uag F7)
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weldgugaresndn 2 lalaan (F1 wag Y1) d@unis AMUINTY 0.10, 0.15 LAy 0.20 Ua./a. ausaduda

o
o

SUBUATYVRTOUUATILSE @iall Povidone iodine  WWeuuadiisalavia 5 lelsan (Figure 1 and 2)
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Figure 1 Antimicrobial activities of sodium hypochlorite (Sd) at concentrations of 0.20, 0.25 and 0.33 mU/L.
against fungal contaminants (F1 = Aspergillus sp., F2 = cannot specify type, F3 = Trichoderma sp.,
Fd = Fusarium sp., F5 = Curvularia sp., F6 = Gliocladium sp., F7 = cannot specify type and Y1 = Yeast)

and bacterial contaminants (B1 = gram-positive bacteria and B2-B5 = gram-negative bacteria)

F2F3F4F5F6F7 B1B2B3B4B5 F2F3F4F5F6F7 B1B2B3B4BS F2F3F4F5F6F7 BIB2B3B4BS

oIz}

=1
EF3
EFa

@ Fs

Inhibition (%)

F1F2ZF3F4F5 F6 FTY1B1B2B3B4BS F E
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Concentration of Povidone lodine

Figure 2 Antimicrobial activities of Povidone iodine (Pv) at concentrations of 10, 15 and 0.20 ml/L. against
fungal contaminants (F1 = Aspergillus sp., F2 = cannot specify type, F3 = Trichoderma sp.,
Fd = Fusarium sp., F5 = Curvularia sp., F6 = Gliocladium sp., F7 = cannot specify type and Y1 = Yeast)

and bacterial contaminants (B1 = gram-positive bacteria and B2-B5 = gram-negative bacteria)
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v 6 1

Hugvauwnu 3 (KK3) IEEEEI S RGBT E
$1uu 2 e gadt 1 Llidnaised Wdednde
(Control) il 2 1huatsiadl 2 v Kl 1) ang
Sodium hypochlorite 119w 0.20, 0.25 Wag 0.33
1a./a. 2) @15 Povidone iodine LUuTu 0.10, 0.15
waz 0.20 1a/a. vdsmsimzdsaiodedes 30 Ju

nuasiaiiinanelUasidunnis Browning Wagnis

Lmﬂmasuawﬂaé'aaﬁl,wwL?}umuummiqm MS
wanAnsfuetafiteddydmieada (p<0.01) lng
Sodium hypochlorite AULTUTU 0.20, 0.25 way
0.33 wa./a. lnun1s Browning LAgNUNISUANNAUD
fiflan uarnuannadinadewedidudnissendin
wanefueglitded1AyN9aia (p>0.01) warns

Juounnninuudlauandisiuegrelidedfoy
N9a0A (p>0.05) (Table 2 and Figure 3)

Table 2 The effect of chemicals on the growth and development of sugarcane tissue at 30 days

Treatment Browning (%) Contamination (%) Survival (%) Number of shoots
Control 0.0+0.0b 0.0+0.0 100.0+0.0a 6.6+1.0a

Sd. 0.20 mU/L 0.0+0.0b 22.0+19.1 77.8+19.2a 5.4+4.6a

Sd. 0.25 mU/L 0.0+0.0b 11.0+£19.1 88.9+19.2a 7.3+1.5a

Sd. 0.33 mU/L 0.0+0.0b 0.0+£0.0 100.0+0.0a 7.0£1.3a

Pv. 0.10 ml/L 0.0+0.0b 11.0+£19.1 88.9+19.2a 4.7+1.7ab

Pv. 0.15 ml/L 22.2+19.2b 0.0+£0.0 77.8+19.2a 1.7+0.6bc

Pv. 0.20 ml/L 66.7+33.5a 0.0+£0.0 33.3+33.5b 0.6+0.7c
F test ** ns * **
CV (%) 114.58 198.23 23.76 43.52

(*) The mean difference is significant at the .05 level., (**) The mean difference is highly significant at the 0.01 level,, (ns)

The mean non-significant.,(Sd).= Sodium hypochlorite, (Pv). = Povidone lodine

M1 23 858678 0101 121314150

Figure 3 Sugarcane plantlets from conventional tissue culture methods (A),

a low-cost open tissue culture technique of 0.20 ml/L sodium hypochlorite (B),

0.25 mU/L sodium hypochlorite (C) and 0.33 mU/L sodium hypochlorite (D) at 30 days
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#onAdednu Balla et al. (2022) Anwin1siasgLivln
vosuTilamunsau “Wwosdisn” fenisiiy Haiter®
uag Betadine® AMNLINTY 0.5 wag 1.0 ua./a. Tu
2115 MS Wujwmmiaﬁug’qmiLﬁ]%zysuaﬁaaﬁw%‘é
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Currently, maize farmers still apply a lot of chemicals, affecting the organic meat production
industry. Therefore, it is necessary to change the pattern of growing maize to meet organic standards.
This research, therefore, attempts to study basic information, feasibility and various factors relating to
the feasibility of growing organic maize. The opinions of animal feed manufacturing companies regarding
problems, obstacles, and suggestions for farmers growing organic maize were also considered. Data were
collected through interview schedule with 181 maize farmers from 6 districts in Nakhon Sawan province.
In addition, a set of questions was also employed for 3 representatives from private animal feed
production companies in Nakhon Sawan Province. The collected data were analyzed using descriptive,
inferential statistics and rationale content analysis. The results revealed that most farmers (51.9 0 %)
were female with an average age of 56.90 years were married (70.70%), had completed primary school
(54.10%), had an average household income of 179,143.64 Baht per year, and owned 22.31 rai of maize
growing area on average. They had the Bank for Agriculture and Agricultural Co-operatives as a source
of funds (50.30%), and attended training on organic farming systems (53.00%). Most farmers used both
their own land and rented land (37.60%) and had experience in growing maize for 13.73 years on
average. The farmers’ attitude (X=3.20), and knowledge and understanding of organic agriculture
(97.80%) were at a moderate level. Moreover, most farmers agreed on growing organic maize at a high
level (X=3.52), and overall, the feasibility of growing organic maize was at a high level (X=3.93).
Meanwhile, four factors were found to be related to the feasibility of growing organic maize namely:
educational attainment, attitudes, opinions, and knowledge and understanding of growing organic maize.

However, farmers seriously needed support for the implementation of groundwater access, insect pest
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prevention, and a guaranteed purchasing price to alleviate problems related to water insufficiency,

pests, and increasing production costs.

Keywords: organic maize, factor, feasibility, opinion
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Figure 1 Maize land area

in Nakhon Sawan province

72



Journal of Agri. Research & Extension 42(1): 69-81

Table 1 Population and sample group divided by district and sub-district of Nakhon Sawan province

District Sub-district Population Sample
Takfa Suksomran 50 27
Phayuha khiri Khowkala 30 16
Phaisali Phoprasat 50 27
Maepoen Maepoen 57 31
Maewong Maeleh 50 27
Latyao Sanchaokaito 94 53
Total 331 181
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Table 2 Feasibility on growing organic maize of farmers in Nakhon Sawan province

Feasibility on growing organic maize X SD Description
1. Readiness of growing organic maize 3.78 0.775 High
2. Needs of growing organic maize 4.08 0.695 High
3. Technology adoption of growing organic maize 3.93 0.804 High
Total 3.93 0.674 High
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Table 3 Factors correlating the feasibility on growing organic maize of farmers

Variables

Correlation coefficient of the feasibility

on growing organic maize of farmers

Readiness Needs Technology Total
adoption

Gender 0.030 -0.030 -0.020 -0.013
Age 0.102 0.0192** 0.044 0.120
Marital status 0.011 0.105 -0.001 0.030
Educational attainment -0.092 -0.194** -0.120 -0.148*
Average income of household per year 0.158* 0.171* 0.178* 0.191
Growing maize land area (rai) -0.120 -0.002 -0.024 -0.057
Source of funds 0.099 0.124 0.080 0.099
Training on organic agriculture 0.000 0.000 0.000 0.000
Holding status of agricultural land area 0.033 0.075 0.075 0.076
Attitude on organic agriculture 0.218** 0.163* 0.311% 0.266**
Opinion on organic maize growing 0.227** 0.267** 0.254** 0.280**
Experience of maize growing (year) -0.044 0.136 0.128 0.078
Knowledge of organic maize growing -0.143 -0.105 -0.174* -0.160*
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Comparison of Stirring Patterns Suitable for the Growth of Chlorella sp.
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The study aimed to compare suitable stirring patterns for the growth of Chlorella sp.
A completely randomized experimental design was conducted with four sets of experiments, each
repeated five times. Set 1 served as the control with air-stone bubbler stirring. Sets 2 and 3 utilized
horizontal and vertical stirring circulation, respectively, while Set 4 combined horizontal and vertical
stirring circulation. Chlorella sp. cells, initially at 9.8x10* cells/mL, were cultured outdoors for 10 days
using modified nutrient media. Growth parameters, including cell count, dry weight, chlorophyll a
content, pheophytin content, and pH were recorded. The results showed that all experimental sets
reached maximum growth rates on day 8, with values of 789.64x10% 721.63x10% 1,116.28x10* and
1,580.08x10% cells/mL, respectively, significantly differing (P<0.05). Dry weight values were 123.60,
177.60, 164.00 and 202.80 pg/mL, respectively, also significantly different (P<0.05). Chlorophyll a content
was 3,859.81, 4,756.69, 4,068.30 and 5,741.60 pg/L, respectively (P<0.05). Pheophytin content did not
significantly differ (P>0.05), and pH values showed minor alkalinity, favoring Chlorella sp. growth. In
conclusion, the combined horizontal and vertical water circulation system proved to be the most
suitable stirring pattern for cultivating Chlorella sp., resulting in superior cell count, dry weight,

chlorophyll a content, and pheophytin content compared to other experimental sets.

Keywords: Chlorella sp., gsrowth, submersible pump, stirring
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Tuwuasusinfususs Inethamsienaoisaaiis
Srunuwadisudy 9.8x10% lwad/ua. widedlugns
psE I ERaBIsaRTIRAkUAIINATIUTELS i
Nufinanauds sveziian 10 Ju lngtivveyanis
Wiaivle Taun sruauiwad dhvdfnude Usuna
Aaslsiladie Usuraileludiu wazararnudu
N3A-A19 HANISANYINUTIT NNYANITNAADIT NI
nsaigiuiafintugegalutud 8 davindu
789.64x10%, 721.63x10% 1,116.28x10" wag
1,580.08x10% waa/ua. MUA1FU LANA19DE193
Hed1Agyn19ada (P<0.05) drninuiadaninfu
123.60, 177.60, 164.00 kag 202.80 lulasnsu/aa.
AINEITU (P<0.05) Usuadaaelsiladle dAyvindu
3,859.81, 4,756.69, 4,068.30 wag 5,741.60 lulasnsy/
ans muannau (P<0.05) LﬁaguqmﬂWimmaaﬂU§uﬂm
WolnAuliuanarsdusgeddod1Agynireai
(P>0.05) wazArAdunsa-ag Sanumadntios
il nserassaaausasyivlalas asula
'jﬂmsmué’aaizuwguﬁauﬁﬂuumiwﬁmﬁ’u
u,mé?qL‘T;Jugtlqumsmuﬁmmzauﬁm%’umﬂgm
A mseRanIIaAT AsHalTESILILeas YT
Usinanaslsiiadie uasuiunuillelwiuddigade
Wisuifsuiuganmeansdu

AIENARY:  @MIIEARBLIART NISLASEYLAULA

& 1%

Julddn nsnau

[

a1vs18mantsaan (Chlorella sp.) vUu

1 =

a 2 aa a_ & <, )
m‘m']EJaLGUEJTUmﬂLaﬂ%uﬂaaIiWaaLa LUU?QF’WWZ}

o a1

nanfvrelun1sdunsiziuas amsigaasisaan

a a

WiAulalafluunaninisnne1nisge uaz

7

=)}

USunauasfitiioane (Kamolrat et al, 2019) i
AMAINIIDIMTE Usenounielusiu 64.15%
(Tavarutmaneekul et al., 2006) @1%s18AABLIAAN
foddiaudndusionisoyunagndn i ieseustis
1 Tneamenasisaanuuniziasslsunsdady
o3 AvAuomsdniiTsew) suseunsadae
anaulusslaveshlutisniseyuiadaii fugeu
yinlgndnitiegluaningliiaion Snsnsonge
(Tavarutmaneekul et al., 2006) wALioa1131g
LA AU LLUYE LRIy Vil iwad
nszaneluvaidsdlimhindosanifaaugu uay
dleUsinawadinniuinlfiAnnisuatonassewing
wwaa (Becker, 1994) eiauﬁag.jﬁméwiﬁ%uﬂ%mm
WA o8AINanaUTEANTAINAITHUATIEALAITBY
wad lunnsinizlaesaniionastsaal faeLAs e
Tule3uemmes Ingliifinsindeulmueni dwmald
USunamasdisndn wadlasunadiiiosme dedwa
AONSHUATITIMIBLES (Henrard et al., 2015) uag
nssaiviavensad nsdinennialaglddalsy
dielWaunsaniunanansienasisaaintslue
neides Jesfunsanpgney dunsuaniasufne
LaZNI5NTEIBDIMITNIUDLEES (Isiya and Sani,
2020) nM3nudaduisimunzaudsezdaeliiaad

amsgAaslsaaIfegaiua1sunusasliegng
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i (Venkatarman, 1983) aﬂﬁy’qé’wwslﬁﬁmmmi
QﬂwamLasﬁﬂﬂmﬁaéﬁu (Contreras et al., 1998)
Yena1nin1sniudedieLfiunisazateveing
asvoulnonludasggasermsfidiosiliause
thansueulnoenledlUldfdu (Becker, 1994) 3nins
favilaminenaisaanagluannzfiduiiauaiosig
Roufies wadaziiuszansamlunisdansiziuas
Wudu wazdlewaddudauaisnnuiintusns
mmﬁ@@uimammiwwLﬁ'u%ﬁyuLSduLﬁsnﬁ’u
(Mhongkeaw, 2012)
é’qﬁumsLU%’&J‘ULﬁwgmwumsmwiams
Wwigiulnvesamsieaasisaaliieiinusun
anspRaBisaanIrdmanensiunanaslsun iy
amsepassaandueims wWiethluldduaims
va9dn i Tesousely waranunsaRmulsTUUNIS
desamsienasisaanliinandniuiuaindsuuy

ALAUNLNERTNT LY
¢ ad
aunsaluazisns

TNUNUNITNARDY
TIIURUNITNARDILUUdUaNYTal
(Completely randomized design) Inguus sUluu
nsmusenidu 4 gansvaaes q ag 5 91 un 1)
N13NIUMLITUULALDINIAINHINTIE (YARIVAN)
2) Manudessuunyuisutiiluuasu 3) 3
nudesruungudsuiluiuads uar 4) n1snu
Feszuumudsuiluuusuiuiuunds e
\BevaminsaaeisaailusruuNINIUIULUUANG 9
Aosfiufinarauds ifussezioan 10 fu

ASn1snnasy
ANSLASIUNITDEINTIIAADLTAAN
PDAININIUAADLIAAIINNNDIINY AL

WAL IITFRIU NTUUTEN NTUNN waziiun

wnziaes nroluamzimaluladnisinens a1
wmalulagnisiiziaesdndin waznisdnns
n¥ne1nsnietn aardumaluladnszaeuindn
Fraamvsatanseds nsamne Tagldeimsides
d1vmsonaeLsaatfifauuatannsuuszug
(Tavarutmaneekul et al., 2006) Wipifiusuiuad
Aounisldnmaass wnzdssituiinarsudsluduunn
200 an5 waglio1NIANIURINS18AABALIAN

Srezlian 5 U

MIASEUSTUUNISINNZIAEIEM3NEARBISAAN
mmsmamﬁ 1 N19AIUAIYTEUULAY
9INAIINTANSIY AndsUueandiauliennianiy
wanse Wunan 24 Falu qumimaaqﬁ' 2 MINIu
Fresvuunudsuiluuunsu wissdulddhlaeld
1 SONIC-AP1600 900 Ans/alua fafmuaiienis
drlunwasiuldvie PE vune 14wy, 912 30 @, 14
winnhauseulniiedansavie PE Ihiidnwaslds
Aunuads anntuthuderudtuldn fasdady
U’%L'gmﬁuﬁuﬁyamyuﬁﬂmammL%mmﬁm e
24 §2lu9 4AN15NAADIA 3 N19NIUFIBTEUY
syudsuiluwunds wdsadilsilaglddy sonic
AP1600 900 &ns/431us farsuaiiematilutuasg
Tevie PE unm 14 131 877 10 4. fionutede 90 09
ntuanderuduld fadeduusnatududos
TR snyudsutiluuuade Wunan 24 $alug
LLazmmimmaaaﬁ q msmué’haazwmuﬁawfn
Tunwasiusaufuuunde tndoudulddrlnelddu
SONIC-AP1600 900 ans/#3lua farmunfieniaii
TunnsusmAuuwddldvie PE awa 14 1. 812 5 w31,
$1uru 1 sy dodrfuduldd drarunieunde
L%aumqswdwmsmuumswﬁmm&?& Tnesy
9INNIABNNSNIULLIRIRDY fevie PE vuin 14 3.
917 5 9. $19U 18U 1WhnduTuuseiuiiteay

1AN1TAIULUIAT NUUEIND PE UIA 14 Ui, 817
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30 93 LWrausauUilennnsevia PE Tlanwue
TAIANLLUINT BaRBNAIUSULTIAULT 910U 1 BU
aglanisniuskursrvirluseduaiuniadneiy

ntuRndaduusnaiudaismyuiianiemudy

(A) (B)

13901 tJuan 24 2lus Tagmngagsansne
ARBLIAANUDINAAaRIUSUIAST 200 AMS

wusAudnans 73.6 wu. g9 68 wu. (Figure 1)

(@) (D)

Figure 1 Different stirring patterns (A) air stone bubbler (control), (B) horizontal stirring, (C) vertical

stirring and (D) horizontal and vertical stirring

nsnTengaservsdimiumaziiseainine
ARBLIARN
gnsormsildlunisimizidssandioaas
\saandifiauyaannnsuUsEas (Tavarutmaneekul
et al., 2006) Usgnoume Yegnsiaue (16-16-16)
0.15 n¥u/8n3 Yogi3e (46-0-0) 0.15 nf/dns Yanlu

0.2 n33/8935 wazdeiendl 0.8 Ua./ans

tumerlunsvaaos
dnsmglAssansieaaoisaatatsiug
Chiorella sp. lufismaaasussqiinaueaIms 100
s lnsifuaminenanisaandiuauleadiSudy
9.8x10" Lwad/ua. Tudumzidns udazaamavaaos
fisnualy uazidssaimineaasisaainaisuds

SruLlIaIveand 10 JU

nsiudayanisiaseyfiulnvesaninenaaisaa
wazdnArAudunsa-ag (pH) 2991
ynafuiilasldgeinsesunasineuaun
10 Tunsou fewnsosnaminenaaisaaTiusIns
200 wa. asluwaaivin andumiudnuives
amsenaasaat InsldtinamienasisaaiUsinns
50 wa. NT99RIUNTEA1YNTDY GF/C (Glass fiber filter)
v 55 1. dildeuiigamad 1059, w1y 12 dalus
wnlifundniludsdaniesdmeadon 4 dums
Mntunithamisaseisaauindnsganduaiu
waafinue1IAdy 680 wluwes (Gunawan et al.,
2018) §81A384 Spectrophotometer 31 GENESYS 10S
Vis WlemuUSunanead waztusiuiuwadaingiy
Aaolsaatnlsdlaniulead (Hemocytometer) 1ng
weana msionasisaarvualadusuins 100
lulasdng deaneliindesganssaiiaseny 40 il
warTaAnanudunsa-evenidenios pH meter

udayanniuan 11.00 u. Wuszeziian 10 Ju

85



5ANTIVYLALANFTUITINTNEAT 42(1): 82-93

AsAAs1zvinaalsiaaienazllalniu
AutiamsigaasisaanUiuns 50 ua.
mﬂﬁuﬁwlﬂﬂiaqé’wmzmmim GF/C (Glass fiber
filter) Yu1n 55 Wy, UANSEANWNIBISIETiunwadl
azidun udnfuezdlau 90% asluntvusiildun
U311ms 10 wa. a1edredrananunaclunaen
Centrifuge 891 Wionaaafiuuas LAUT 4o, Buran
6-2¢ §9lu9 ¥daegrelunasn Centrifuge u1du

WEefimNLLEL 3,500 59U UNU 10 U BaBLASaq
centrifuge 3U Consul 21R Ay 9 @mmiasmaﬁﬁﬁ
fuuu fie aslsiladuazsiningdu q Nazaruoy
lusr@lau u1rinnsgandunas laeseiegnlvisuniu
ALNDUAIUATS ’"J’mﬁhamﬂﬁuuaqﬁ 750, 663, 645, 630
wlwns D1u1AuIlagRinauAIAINYEaIn 750
WlRS neu (EPA, 1991) Awiilsinamaslsiladie

M1dNN1T (1)

chl a (ulasnsu/ans) =

[11.64 (Abs663) — 2.16 (Abs645) + 0.1 (Abs630)]E(F) “

V(L) )

nsinfegrdnasmdndunsaadluienan Pheophytin udatiluinAganduuasil 750 uay

665 ULWAT LgRinauAIANYUIIN 750 UILWAT A (EPA, 1991) waAuinmuaunis (2) uaz (3)

26.73 (663, — 630,) E(F)

Cht a (lilpsn3u/ans) fiinan Pheophytin U&7 = )

V(L)

26.73 (1.7 X [665,] — 663},) E(F)

Pheophytin (lulasn3u/ans) =

a8 F

V(L)

Dilution factor (81 Abs 11nA71 0.99

A2SYINN5:2D219978819NUIA)

—r << m
1] I 1]

665a
663b

nsAATIEidaya
ideyansasaiulnvesansiunasisaa
USurumaslsilaa wazUsunailelW@uuniasei
AULUsSUTIUYRITaYa (Analysis of Variance;
ANOVA) uagi3euifiguaiadeszuinaanisvaas
»1375 Duncan’s New Multiple Range Test (DMRT)
melusunsureuiamesdsagy

Bunsvesesdlauildlumsads a)
Usnpsvesnildnses (Gas)
PR NTas TSR (2L
Abs665 — Abs750 NALANNTA
Abs663 — Abs750 NDULALNTA

NAN1529Y

IMIUYAR M NEARRLTIANTUNAUFULUUNTNIU

MNNIARpNdssamIIsAaoiaaInld
sUluuMsMILALAnsstu lon msmuseszuy
WALDINIAINTINTEY (YAAIUAN) NISNIUMIETZUY
mudsutiluuuinu msmufeszuunuisumi
Tukuads wagnsnudessuumudsuiluuny

Faudusung WWuszezian 10 Tu wudmnganis
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npassliusInasuwedinTustaroiilos daus
Fun1IMAaeIauieszezUiufa (Lag phase) lUg
szaznsigadatsniniess oz dndlnuuu
\dua (Exponential phase) n1eluufl 6 danasie

YSuausmeimsildidesamsienasisaan vivbviiing

v

SzUEAIN (Stationary phase) Tuiuil 8 waziund

Y

33HTNINNBVDILNAIANOY (Death phase) Tuiui 9

—e—air stone bubbler (control)

vertical stirring

2000
1800
1600
1400
1200
1000

(x10" cells/ml)

800
600

Number of chlorella sp.

400

4

dewssuiiisuivganisnaassaziiiuleinfidiuu
WARAININEARBLIAAIANGT IINNITNABBINUTY YN
yansnaassiiduiuwadgegaluiui 8 iy
789.64x10%, 721.63x10%, 1,116.28x10" uay
1,580.08x10% 1wad/ua. ANAINU FIunnA190ens
ddedrdAgynisadfduynyanisnaaes (P<0.05)
(Figure 2 wag Table 1)

horizontal stirring

horizontal and vertical stirring

R

5 6 7 8 9 10

Culture period (days)

Figure 2 Number of Chlorella sp. with the different stirring patterns

twitinuierasauenaaisaaIsuLNAmFULUY
N13N7Y
MNNIRRBNAENEnIIBRaDLaaAElE
sUsuUMsMuiiwanestusetminuis wudmnyn
Aaneassfiiininuisvesaindteaanisann
LﬁmﬁuﬁaLLGiL'%':umsmaawuﬁﬁhqqqmLﬁ'aﬁmmgm
#szeziaan 8 Yu Faguuvunismudiiimdnuds
wisgean Idud n1snaudasszuunyuiioui

Tuwunsusufuwunss 202.80 lulasnsi/va. 5898911

Hunismusieszuunuisuiiluunsv 177.60
lalasnii/as. Manufessuunyuisuhluds
164 lulAsniu/ua. kagn13NIUMEITUULALDINIA
niInse (Yaaluau) 123.60 lulasniu/ua.
puddu Tnefldndnuisiededaianadlutud o
Lazanaizoy 9 wsﬁqmmsmaaa uANANSAUDE
fdedrAgyn1sadfdunnyanisnaaes (P<0.05)
(Figure 3 wag Table 1)
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—e— air stone bubbler (control)  —e—horizontal stirring

vertical stirring horizontal and vertical stirring

250

5

=

£

o

[}

z

>

T

Culture period (days)
Figure 3 Dry weight of Chlorella sp. for the different stirring patterns

Usuaumaalsilaate (Chlorophyll a) vasa sy 5,741.60 lulasnu/ans uwasUSunamgalugliuy
ARBLIAANIMUNANFULUUNTAIU N13NIUAIETLUULANBINIAIINTINT Y (YARIUAY)

MNMINABRdAsIEMIEAaesaannneld JAvinnu 3,859.81 hulasnsu/ans (P<0.05) wayil
sUsuumsnmuuendfuiouiinueaslsiiadio  Uumanadlutuil 9 aufuganisvaassliunnsis
wuimnyansmeaesiuinaeaslsiadie vty Auedeiifuddynisada (P>0.05) esannisme
wdidasgadiovnadsddszesina 8 ulaed  vesamiisassisaaviliivinueaslsiiadie
Usinanaelsiladie wasgsaaiiloviinisniudae  tewas (Figure 4 uag Table 1)

FEUUMEUIEUIN UM TIUTINAULWIAY Ay

—a— air stone bubbler (control) —a—horizontal stirring

vertical stirring horizontal and vertical stirring
7000
6000
:\é 5000 n_\
o 4000 -5
B /./"\ =
Z
£ 3000
o
o
2 2000
<
(@]
1000 /
0 :
0 1 2 3 4 5 6 7 8 ] 10

Culture period (days)

Figure 4 Chlorophyll a content of Chlorella sp. for the different stirring patterns
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USurauilaln@u (Pheophytin) vesd1%31e
ARBLIARNIUUNANFULUUNITNIY
MNNIRRBNAENENIIBAaDLsARAElH
sULuuMsnuiuanAstusioUnailelwiu nud
FaudTuil 1 nnyanisvaaesdivimaileliiu
Wintuegnssoiiios efuil 8 ve9n1smaansiian
WANAU 1,043, 1,255.24, 2,125.57 uag 2,587.80

—e—air stone bubbler (control)
vertical stirring
4000.00
3500.00
3000.00
2500.00
2000.00

1500.00

Pheophytin (pg/L)

1000.00

500.00

0.00

lulasniu/ans (P<0.05) LLazLﬁaéufjﬂﬂ’]iVlﬂaEN
sduuunInudasszuunyudsuiiluuulsy
fafuuuadeiianiigendnie 3 suuuu daflaiiy
3,688.74 lallasn$u/Ans sadlmaenisnaudiessuy
mguﬁsuﬁfﬂuumiwimﬁ’mm’sﬁy’qﬁé“mﬂmi
wiyAvlngeign Iufausuadlelnduuinnia
nnYaN1IvIaaas (P>0.05) (Figure 5 wag Table 1)

horizontal stirring

horizontal and vertical stirring

5 6 7 8 9 10

Culture period (days)

Figure 5 Pheophytin content of Chlorella sp. for the different stirring patterns

anudunsn-Ae (pH) vasamsIenaaLsaaN
IuunauzULLUNITNIL
MANsNRasEeIEmsIenaaisaatneld
sUluuMIMILALansstusionadunsa-asves
i nuifuit 8 vesnsvaassiiinannudunse-sng

WINAU 8.00, 7.91, 7.86 Way 8.08 MUAIRU LAY

wANA1988 19T TEdIAYNETRAIUYNYAN1TNAADY
(P<0.05) Femaonszestaan 10 Ju Aranudunse-
A YBINNYANTTNARDIBEYT¥1INY4 6.70-8.54,

(%

6.74-8.30, 6.69-8.28 Whay 6.76-8.40 MUAINU WAL

Weduannismaaetliinauuand1segaliiudfy
n19@nm (P>0.05) (Figure 6 wag Table 1)
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—e— air stone bubbler (control)

vertical stirring

8.00

pH

6.00
0 1 2 3 4

horizontal stirring

horizontal and vertical stirring

5 6 7

Culture period (days)

Figure 6 pH of Chlorella sp. for the different stirring patterns

Table 1 Peak population on day 8 of Chlorella sp. with the different stirring patterns

Stirring Growth parameter
patterns Number of Dry weight Chlorophyll a Pheophytin pH
Chlorella sp.
(x10" cells/ml) (ug/mU) (ug/L) (ug/L)
Air stone bubbler 789.64+125.36° 123.60+£13.59° 3,859.81+1166.45° 1,043.00+807.46° 8.00+0.07%°
(control)
Horizontal stirring 721.63+127.42° 177.60+16.82% 4,756.69+508.953° 1,255.24+372.82° 7.91+0.07°
Vertical stirring 1,116.28+164.74°  164.00+14.56 4,068.30+1,497.17°  2,125.57+1,405.22%°  7.86+0.05"
Horizontal and vertical ~ 1,580.08+211.212 202.80+28.80° 5,741.60+577.45% 2,587.80+577.88° 8.08+0.18%
stirring
P-value * * * * *

Mean=SE values within a column followed by the different superscripts are significantly at P<0.05.

397150NAN15I8

1NN15ANYINITLATYLAUIAUDIAIUI N
aaaLsaa1neldsuuuuNITNIUTiULANNG 4 SULUY
LAKNNITNIUAILITUULANBINIAIINAINT Y (YA
AUAL) NsMufBszUUTuAsuTluTy 113

NIUAILTTUUNYWIB UL TULLIAT LagN1TNIUAIEY

iwumuﬁauﬁﬂuumsmimﬁ’uLLu'J(??q STULLIAN
NAas 10 Ju wumsnaudessuumyuiouiily
WIUTLAULWIG denalisuuwaduaziwin
wiauty iosantuldthdisdesiunissaungs
VOIIARAININYAADLIAAT VALY AAVDIATNINY
aaotsaanlinnnzneu Tnensvhaumesuiiinns

myudguamgnaealial viliamsignasisaa
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411150 gadu CO, luussennia uazUasy O,
uananisstiedonisuauvosormaman (Jo) 1
nanduLawfeatu Uimenez et al., 2003) @1%318
FJalulaglunisiasyvinlaegresfivse@nsnam
donmasdnu Henrard et al. (2015) la@nw¥1n1s
wnziassamselseTuleuuazaaoisaannneld
nsnufiuansneiy wuiinsnaugeduthaiunse
drelvamselesludouiazaasisaar 8ns1n1s
wigvlagandnileIeuifisuiugluvunisniu
Tneldluinuasimse Faiamududuresiuna
geanunne1vegeiitedAy (P<0.05) uandliiiiuin
Huvgaelinanananaiiutu 95% wWewIeudiou
”Ugﬂmumimwnﬁm%u 9 Tus1891uv94 Chooluck
et al. (2021) n@1331@1 s8I UIALENTUS U1
aaalsfadie lutwadunndrafuluduegfu

a

anmuandeu uazdaduniguendu q Wy guungll

wazmutuvesnas Wusu Jsaznuaaslsilador
Tugaedesay 0.5 8¢ 4 vostvminuievosansie
(Levasseur et al., 2020) Ysunaiilelvfuiniile
AaslsWadvinufAsendunsa Penjumras et al
(2017) na1i1eziinsasuudaniaduiiiessin
UfATe#lelsldluiedu (Pheophytinization) Ao
wuniieulossuazgnunuitdaglslasiauezney
vilvinaelstladgniudenlassadraduillolwiu Fadu
n1saqdoussinuuniideusanluainluanaves
naolsilad Aifovesiivazdsududtna (Olive-
brown) vasilolwiv wazraundunsa-se vea
9471779 6.76-8.40 91518914 Y83 Saekoo and
Panichpat (2017) nanrmadunsa-inswesti
oglugas 7.99-8.98 Taduirfidaraudusg
Endes wazidudrsarmnudunsasisiiaingie

anunsaaseyaulalan

#3UNan133Y

N15ANYINISIUSE U UTULUUAITAIY
Amngaudenisiasayivlnvesavsionasisaan
wuinlutud 8 GUENﬂ’]'iLWWLgENEULLUUm’iﬂﬁ‘ué’hﬁ
srvunyudsuiiluuuisuianfuuuadedings
Lﬁzg@uimqaﬁfj@ Tnedldnuiuwas 1,580.08 wagd/aa.
dondnutia 202.80 lalasn3u/ua. USuuaaslsilad
1@ 5,741.60 lalasnsu/ans Usunailalniu 2,587.80
lalasn3u/ans (P<0.05) uazdararudunsa-ang
wanzandmiunsmsiaes annsaneiadad
anusafinvdunuainsienaeisaanldogied
Uszan3am Fudunisifiunandnliduasonis
MAZLAEY LAZAINITARAUITIUUNITINIZLAE S

ausngnastsaante

AnRNIsUUIZAA
HIdgvevaunm AMUUNT 23Rl d1msy
Auuzdlunsvinideligndesuazauysal sauluia
AuemAlUladn1sINERT dondunaluladnseaay

% o Al

nanaunmsatanseds Alvinisatuayuaunsad

¥

LATNUNALTUNITINY
1% a
LONEISD19949
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Study of Reproductive Efficiency in Southern Thai Native Chickens
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The objective of this study was to determine the quantity and quality of semen, the number of
eggs in a year, and fertility via artificial insemination of Dang, Betong, and Naked Neck chickens, which
are Southern Thai native chickens. The experiments were conducted using a randomized complete
block design (RCBD). Six roosters of each breed (8 months old) and thirty hens of each breed (5 months
old) were used. Breeding selection was done by the Animal Breeding Research Management Center in
Surat Thani, Nakhon Sri Thammarat and Yala Rajabhat University. Semen samples were collected once
a week, and semen evaluations in terms of volume, concentration, viability, morphology, number of
eggs, egg weight, and fertility ability with the IGGKPh extender were performed. Results of the quantity
and quality of all breeds of semen (one year) showed that the semen volume of Betong (0.40+0.13 mL)
was higher than Dang (0.36+0.12 mL) and Necked Neck (0.34+0.14 mL) chickens (P<0.01). However, the
concentration of Necked Neck [(4002.70+194.80)x10° spz/mL)] was higher than Dang and Betong
[(3,875.50+262.80)x10° and (3,732.20+187.70)x10° spz/mL, respectively)] (P<0.05). In terms of the
number of sperm per time of collection, Betong [(1,489.20+132.12)x10° spz)] is higher than Necked Neck
and Dang [(1,378.30+172.61)x10° and (1,372.69+137.51)x10° spz, respectively] (P<0.05). The percentages of
viability, normal morphology, and motility were not significant. The results from the one-year laying
period revealed that the egg weight of Naked Neck was 46.35+9.05 g/egg, while the average egg weight
of Dang and Betong was 41.52+8.13 and 45.06+9.33 g¢/egg, respectively. The body weight of Betong
(1,650.25+190.75 ¢) and Necked Neck (1,680.36+125.53 ¢) at the started of laying was higher than Dang
(1,580.50+110.15 ¢) (P<0.05). The fertility and hatchability of all breeds were not significant. Therefore,

the data on quantity and quality of semen, the number of laying periods, and fertility via artificial
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insemination of Southern Thai native chickens could be used as a guideline for breeding management,

semen cryopreservation, and improved breeding and production.
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Table 1 Semen quality and quantity in Dang, Betong and Naked Neck of the annual year

Parameter Breed
Dang Betong Naked Neck
Volume (mL) 0.36+0.12" 0.40+0.13" 0.34+0.12°
Sperm concentration (x10° spz/mL) 3,875.50+262.80° 3,732.2+187.70°  4,002.70+194.80°

Sperm per ejaculate (x10° spz)
Sperm live (%)
Normal sperm (%)

Vigor score (1-5)

1,378.30+172.61°
91.51+2.33
90.12+2.21
4.28+0.16

1,489.20+132.12° 1,372.69+137.51°

91.63+2.92 93.00+2.21
92.17+2.86 91.79+2.11
4.33+0.14 4.29+0.11

AB Means within row with no common superscript differ significantly (P<0.01).

35 Means within row with no common superscript differ significantly (P<0.05).
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Figure 1 Semen volume in Dang, Betong and Naked Neck of the annual year
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Figure 2 Semen concentration in Dang, Betong and Naked Neck of the annual year
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Figure 3 Semen per ejaculate in Dang, Betong and Naked Neck of the annual year
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Table 2 Egg production of Dang, Betong and Naked Neck chickens

ltem Breed
Dang Betong Naked Neck
Age at first egg laying (day) 162.20+12.50 178.60+12.35 158.20+15.20

Body weight of first egg laying (g)
Egg weight (g)

Cumulative total egg number (egg)

1,580.50+110.15°
41.52+8.13¢
146.50+18.53

1,650.25+190.75° 1,680.36+125.53°

45.06+9.338 46.35+9.05"

154.70+22.04 153.40+18.90

AB Means within row with no common superscript differ significantly (P<0.01).

35 Means within row with no common superscript differ significantly (P<0.05).
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Figure 4 Egg weight in Dang, Betong and Naked Neck of the annual year
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Figure 5 Egg number in Dang, Betong and Naked Neck of the annual year
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Table 3 Fertility rate and hatching with artificial insemination

ltem Breed
Dang Betong Naked Neck

Ege number 620 580 585

Fgg weight (g) 44.48+0.78 4531+1.51 46.39+0.98
Fertility rate (%) 87.59+3.23 86.56+2.92 86.76+2.75
Hatchability rate (%) 65.68+3.12 65.70+2.65 68.14+2.93
Hatchability rate (%) (calculated from fertile egg) 74.99+2 55 76.01+4.62 78.78+4.28
Chick weight (%) (calculated from egg weight) 65.85+0.83 66.10+0.87 66.43+0.75

A8 Means within row with no common superscript differ significantly (P<0.01).

b Means within row with no common superscript differ significantly (P<0.05).
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Types of Floor Materials on Preference of Chickens Using Free Choice Test
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Improving living conditions for the chickens in response to their natural needs is an important
factor in promoting their welfare status within the current farming system. This study aimed to determine
the effects of different floor materials and times of the day on the free-choice test results of 18 male -
KU Betong cockerels using four different materials (net mat, net mat with scourer, artificial turf, and tile).
The number of contacts with different floor materials chosen by the chickens during three different
periods over four consecutive test days (i.e. 10.00-12.00 a.m., 13:00-15:00 p.m., and 15:00-17:00 p.m.)
was recorded. The overall results showed that artificial turf was the most selected material (P<0.05).
The chickens had more active contact with the test materials during 10:00 a.m. to 12:00 a.m. than at
any other time of the day (P<0.05). The test days had a significant impact on the type of floor materials
selected by the chickens. This choice test results from the 1st to 3rd test days in this study were likely
due to a of novel object test -i.e. a fear test response to a particular unfamiliar new object for the
chickens. Afterward, the influence of fear may have diminished through experience, learning, and
adaptation from the 4th test day onwards. Most chickens preferred artificial turf as it appeared similar
to natural grass and potentially served as a main sign stimulus for triggering responses according to their
natural behavioral needs. Further studies on the effect of artificial turf provision on natural behavior
expression and farm bird performance may be beneficial in promoting their welfare status within the

current production system.

Keywords: floor materials, preference test, animal welfare, chickens
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Figure 1 Four different materials (A = net mat; B = net mat with scourer; C = artificial turf; D = tile)
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Figure 2 Experimental pen set up for a free-choice test with four different materials, randomly

allocated to each corner of the pen
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Figure 3 LSmeans number of frequencies (count/90 min) of birds chose each material in the d-days

of the test, with vertical bars representing standard error

2P Different values superscripts in the same day of the test denote significant differences

by Tukey-Kramer test (P<0.05), ns = not significantly different (P>0.05)

XY,z

Different values superscripts in the same set of columns (material) denote significant

differences by Tukey-Kramer test (P<0.05), ns = not significantly different (P>0.05)
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Figure 4 Lsmeans number of frequencies (count/90 min) during three periods of time in the 4-days

of the test, with vertical bars representing standard error

25 Different values superscripts in the same day of the test denote significant differences

by Tukey-Kramer test (P<0.05), ns = not significantly different (P>0.05).

*Y Different values superscripts in the same set of columns (periods of time) denote

significant differences by Tukey-Kramer test (P<0.05), ns = not significantly different (P>0.05).
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Effect of Dried Acacia catechu Barks Extract on Survival Rate and Growth

of Crowntail Betta Fish (Betta splendens) Larvae
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The extraction time of tannins from Acacia catechu bark (ACB) and the investigation of the
ideal concentration of ACB extract on the survival rate of crowntail betta fish (Betta splendens) were
investigated. Tannin concentrations obtained from ACB extraction times of 30, 60, 90, and 120 minutes
were found to be 227.40, 227.65, 227.69, and 227.74 ppm, respectively. The results indicated no
significant difference among treatments (P>0.05). Furthermore, the tannin contents in ACB-soaked
water for 30 minutes at concentration of 0, 0.1, 0.3, 0.5, 0.7, and 1 ¢/L were determined to be 0, 27.73,
61.01, 155.30, 194.13, and 227.41 ppm, respectively. After 8 weeks of nursing betta fish larvae in water
treated with ACB at different concentrations, there was no significant difference (P>0.05) in the growth
parameters of the fish larvae. However, a significant difference (P<0.05) was observed in the survival
rate of the larvae when reared at ACB concentrations of 0.1-0.7 g/L. In conclusion, the research
suggests immersing ACB for 30 minutes and rearing betta fish in water treated with ACB at a

concentration of 0.1-0.7 ¢/L.

Keyword: Acacia catechu barks, Betta splendens, tannin, survival rate
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UNANED
ATeiiTaguszasdiiodnunszesinani
winnzanlunisadnasunuduainuasndidenuna
(A. catechu barks, ACB) fet uarUSunaunuiy
flafnan ACB Mmuvauluniseyuiagnuaifin
agiusvaaang wuiszegnanfililunisada ACB
Frethitgumgfivios 1 30, 60, 90 wag 120 unil
fUTuunuiluey 227.40, 227.65, 227.69 uay
227.74 ppm a1ud1FU TaflAsnefuogielud
Toddyn19ada (P>0.05) uazUSunaunudiuiiade
#aevd1a1n ACB 710, 0.1, 0.3, 0.5, 0.7 uag 1 n3u/
Ams srezial 30 W9 dAnAu 0, 27.73, 61.01,
155.30, 194.13 4@z 227.41 ppm A1Ua16U
miﬁmznmiagmaqﬂﬂmﬁ’mﬁwﬁnL?ﬁymmaumiaﬁm
ACB 0, 0.1, 0.3, 0.5 uay 0.7 n3u/ans dwniSudu
\dvvasgnUandnedd 0.32 n¥u/é 81y 1 ey
wasaneyuragnuatdiaduiigi 8 dUav wants
naaeInyUd1 Usinaunudufiadnain ACB fisnady
Lildsaransiasydulavenuanin (P>0.05) usiding
Tianuanfinfioyunadetndswanasatinain ACB
AflUTun 0.1-0.7 n¥u/ans T8n31seannni
anuaniilildoyuradisiiisawanatsain ACB
(P<0.05) é’aﬁ?umsmgmaqﬂﬂmﬁ’mmaﬁ’uﬁ:wwmqg
annsaldUSine ACB 0.1-0.7 n$w/ans fiafndei
Tngldszeziianlunisain 30 Wil

AdAgy: Waenddun Uanda wiully dn1sennne
AN

Audiden (Acacia catechu) \Uuldidu (Tree)

ag/luded Fabaceae finuAuilalukerininaiuay

S gy & A 9 vy ' v
udele Duiyayulnsitlddiusing o ludwengsim

LAZWINNILNULUTIEY TNSNUAITUAURUIIWIULIN

Tusudiden lnediusurauinis 50% (Yadav and
Yadav, 2022) tJuaislisaviann daidu
Polyphenol ﬁqwéﬁmmﬁmau (Soyocak et al,,
2019) Uesduszuulszain (Marogianni et al.,
2020) F1uiiiesen (Youness et al., 2021) Jesfiu
#ila (Sieniawska, 2015) wazduidenalsa laun
Usan wuaiise wazlisa Uing et al,, 2022) lawans
unuiuaiuisnannisdaiasiginsntaduann
wuniiaelaenstuds Bketoacyl ACP reductase (Wu
et al., 2010) Snveanansadu Peptidoslycan Tuwt
wadvaswuaiidels Feludhaansnisnedives
Biofilm wesuuAiii3e (Dong et al., 2018) wazdudy
m%ﬁm%auaznwuauma Hemagglutination
activity vala%a Chikungunya dufinanansunuiiy
TU§ufu Membrane proteins fiazviliiAnns
FFeteUN1ALITA (Konishi and Hotta, 1980)
Uanin (Betta splendens) \uvaiusysn
Yflny JUTuazdduresUannagaignuninne
\lg (Thongprajukaew, 2013) ﬁmsﬁaaammnﬁqm
Busudu 1 lungudniiasauinda Tasdaoon
§1u2u 20,171,038 @2 deeenlufindveiusnn
wAu1IAT glsy 1al¥e a1fiuBLluINT aRaLnTLaY
TTuaua wazwenin dyarin1sdeeenuinia
213,198,882 U Tl w.A. 2565 (Fishery Inspection
Office at Suvarnabhumi Airport, 2022) \nwnsnS
finvgdszaulamlutinseyuialariniidnsisen
1 tesnemsiiliiduemisan Ao lsunsain
sssuvRnenaiinstuleureadenslsauazUsan
#14 9 SeviliAalserialuiinuluanin wu lsegaun
Tsnady Tsaliinainuasla Tsailiinanides
Tsauiusedls Tsanuouaue Tsarsu wazmales uaz
TsaRndeuuniiise (Rodloy, 2023) Swiluanfni
Sn1sonsn Fdldifisaneseniudesnisvesnain
LLazé'J’qehwamwwiaswlﬁﬁuaqmwmﬂs;ﬁmwmgm

Weganngwasansadlunisdesdunaz Snyndl
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s11une fn1sdnwrarsunuiiuiindroadeiuly
\Waendidunves Rodpan et al. (2020) a1nvud
Tuynanedt 10 n$u/ans Aedsaandunsa-rsues
it 5.42 lunsideaaniasilsivanfannedtanue
Feluluymmstiansunuiiuegil 12.67% (Puttamat and
Suwannasarn, 2007) 3991 l7Re9insAnYIUSUI
Fmingavlunisldou esndendiduaiians
wnuduagia 50% (Yadav and Yadav, 2022) %sans
uwnufuannsnanainudunsn-asvesiiliogly
seufnzanld (Katiki et al., 2017) FajUszun
fldlunsidssardaazdaranudunsn-asegi
6.5-8.5 MULININFIUVBY Metropolitan Waterworks
Authority (2022) Fadurilsllndifesiunisedend
vo3UainlusIsuvIAfl 5.3-5.8 (Jaroensutasinee
and Jaroensutasinee, 2001) AN AT URUDIN
Wasndduauiedaduuuimeiagiunldifedeln
n1senuIagnUaninuszauainudnsa n1sdnw
sepganfimunzanlunisadadendidenuas
Usuaansunudiu fiadnainiudendideawisi
WigausiednITentarnIsasyaulavegnuaiin
Wunmadenbinuasnsiluldluniseyuiagnuan
Aol Snadunsdaaiugsfanismedssaide

agafatutasFudulingmadiwindou
4 ad
aunsaluazIsnIs

nsnaaedi 1 Anwrszezariimunzaulunisada
wWaendiduauierausuaasunuiiu

1. AUNUNITNABBILUY Completely
Randomized Design (CRD) Usgnausig 4 Yan1s
NARDI YANITNRRDIaE 3 91 Ineduudondidun 1
nfiludninedithiiusines 1 ans dnsldenniagne

PINTEAADALIALALLLBATULIAN b UNNTLELUGDN

a a

ddem 30, 60, 90 kay 120 W9 Yra1sanalasn
A doaurannUsuaansenuiuluaisanis
2. A15UUSHIUAISHNURURIUITUB S

Mulani et al. (2016) Iag1UaandenwisNanain

s o

AuafuLANTY 8neduLa JaNIngRTANG 4
ihwiinidenddeaurisiouuasndiniseuiigumad
60°%. U1 24 H1lua WemAnuTureLdendiden
Wiegeansaiaudendiden 5 ua. Ualuringy
%uwjuamamﬁmﬁlu 10 ua. anUIuuale Water
bath figauvgdl 75%. aunseiaUIuInsvesansalin
WaenAdesanauvde 5 ua. Hutndu 10 wa. uas
Indigo caramine 0.5% 2 ua asluvinguyuy uay
Inmsasmeaisazaiy 0.004 M KMnO, n5dannd
vesasaraly Andnines Aogaduan Yiua
KMnO, Aldlugnduiinifunseudnisinmsn (A)
ImmsauusAmsn1siiansanaUdondden 25 ua.
wauu Activated charcoal 1 n¥u auliuasinls
Juanazneu ndantuifedsansataUden
F1380 5 wa. DiumasvangUounuazifniingy
10 wa. UnluanUunmueie Water bath auuU3unns
yesansafadendiden anaunde 5 ua. vdnty
Banndu 10 wa. uaz Indigo caramine 0.5% 2 ua.
asluvingUoniuaglnimsndigaisazaly 0.004 M
KMnO, Lazdananisidsuulasdvesaisazany
Fivdoanes Ao 9nAugn Usum KMnO, Aildlugn
Juiiniduniseruainislnmse (B) AmuludSunm
KMnO, fildlun1seendnduassunuiuaiuise
Aty A-B = C ua. @15azatsunuiuuing
374 1 48.983 0.004 M KMnO4 = 0.0832 un.
vounudy fdu Wesidudvesunuduluden
AFun = 0.01664xC BlodiusvesunuiuiUasy
wiheldu ppm TngAuinan Wesidudveaunuiy

x 10,000 = ppm
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n1smaaasd 2 nsldusutaasunuiufiadaain
WaandBeausisiidnsiudesnssen waznisiivla
°ua<1Qmeﬁ'ﬂmaﬁuﬁfmamqgﬁaqmﬂuﬁﬂLﬁym
nauga1sanaIINUaendlden

1. 2WHUNISNAABILUY CRD Jadedidnu
Ao Usnaansafinwdondideauis wuadu 5 ganis
NARDIaY 3 91 Lwiazsgﬂﬁi’fqﬂﬂaﬁmﬁﬂmu 20 i
YaMeResEnaumae 0,0.1, 0.3, 0.5 wae 0.7 NS1/ans

2. dumerlunisiniouansafndendidon
dmfveyuia lngdnddendideaudluiiuagle
91NANABANAITANIT LYY 0, 0.1, 0.3, 0.5, 0.7
waz 1 n3u/ans Tneldinan 30 wift Fuduszezia
Pldatnudendidoamunzanannsnnasdd 1 uas
naadouUTuruarsunuiuluaisainudondidun
ANIDVRY Mulani et al. (2016)

3. dgnuaninaneiugnieang anueud
W15y Fandnuasugu 81g 1 Wieu 97uU 300 67
ihainiade 0.32 nfu/en duasguadmasuvuin
35x35x45 B, fay 20 §2 UTII 20 AnT LieUTu
anmanUanduna 3 Tu

4. NsSPNYIAsINaNaNsafnannLUden
Aduniiadndeth 5 v Tdun 0 (aaauAw), 0.1,
0.3, 0.5 way 0.7 nSu/ans leelgdendiden O
(aiudendiden), 2, 6, 10 uag 14 nSU ALERU
uwdasluii 10 dns wazlfennAszezinan 30 wadl
n¥sanduiilunaudui 10 dns (enungiifiaia Ao
28-30°%. \Juisavmnaeinunsnsianunsatluuiu
T¥anelurhdadsdd) LLé’amﬂﬁJuﬁaﬂwlﬂﬂué’Lgm
anuan Temnsuaniuay 1 A% Tuna 11:00-12:00 w.
Felsunedlddn 20% v mindidan wazvdsy
fethmnduaiietndssauasatnidendidon

nsveassduiial 8 dUan

5. TUfNNANISNAAa0Y 9RI1900 WAZAIS
wulnvesgnualnedeiminuagiusiuiugnuan
N 2 dUnn FaudiSudunsnnasndussezing 8
FUnvh ndaniusuasnssen dudniiiudy
droinfiiinduseu HaZENIINISIRIYRUIATILINE

tuitnaudunsa-rsvesh (pH) hagen
nsthlalih (E0) vesthlnefadndsnaninn 2 dUa
ﬂauﬂigﬂ"a??uegmmimam pH Jnseidas pH meter
Hanna u HI98128 uay EC Infeiaias EC meter
Hanna 31 HI98311

ANSAATITIVOUA

Y

ideyauTunmarsunuily MsiAulnees
gnuanfin aaunimii T8uA pH wag EC undins1zs
PNULUTUTILYBIUBYA (Analysis of variance: ANOVA)
LaziUsuifisuAadesyninayansmaass a3t
Duncan’s New Multiple Range Test (DMRT) A2

Wsunsupauiiamesdniogy
NaUITY

n1snaasdi 1 Anwiszezanfiviunzaulunisane
Waendideauienausunauansunuiiu
PAMIMANLTUTeUEendidenutmuin
AMuTuvedendiduauiaviniu 11% n1sveass
nawtUEenddeauisiimunzaus1aty 4 9aenan
TAuA 30, 60, 90 way 120 W9 WUINUSINAENTNLTY
Tuwdenddoauraimin 1 ndu uwrlutusunes 1

ans Miomaunnsnafuild1egn 227.40, 227.65,

227.69 wag 227.74 ppm ®1Ua1au (Table 1)
laflanuuanansegraditdedfgnieedia
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Table 1 Effect of extraction time A. catechu barks to tannin contents

Extraction time (minutes)

Tannin contents (ppm)

30 227.40+18.19
60 227.65+4.14
90 227.69+14.69
120 227.74+16.68
p-value 1.000

Mean=SE values within column followed by the different superscripts are significantly at P<0.05.

n1sMaaasd 2 nsldusutaasunudufiadaain
Waendiduauisiidneiudadninson wazn1sasey
iuTnvasgnuaniaaewuguenangiioyuialudi
\Beawanasatnandendiden
nn1smvsunaarsunuiduluansann

& a8 o = Y v Y] Y] Yo
LWUaRNALFIANAIULIUTUANNAY 6 TEAU bLﬂLLﬂ 0,

0.1, 0.3, 0.5, 0.7 waz 1 ASW/ans NuUsUIuas

wnuduluaisadadendd@enianinu 0, 27.73,

@

61.01, 155.30, 194.13 way 227.41 ppm AUAIAU
(Table 2) Fsfiauwmnsnseeadivadfay (P<0.05)
ImEJmnﬁuﬂ%mmmanmﬂmuﬁuﬁuwimumil,ﬁm

USunaueennuiutuasanaasndiden

Table 2 Tannin contents of dried A. catechu barks at various concentrations

A. catechu concentrations (g/L)

Tannin contents (ppm)

0 0.00+0.00"
0.1 27.73+9.60°
0.3 61.01+9.60°
0.5 155.30+25.41¢
0.7 194.13+9.60°

1 227.41+9.60°

p-value 0.0000

Mean+SE values within column followed by the different superscripts are significantly at P<0.05.
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MIneasteyuIAgNUAAluIIRENENENS
analaanFLAuALmINLANEA19AY 5 SEaU ka0
(gAauAw), 0.1, 0.3, 0.5 waz 0.7 n3u/dns Ju

srElIan 8 dUaT nudiniseyuiagnuaninluul
Reanauansanmudandidenwislidinasauimin

[V %)

wAgvesgnUatinasus 2 U AUNTENIEUAANIS

q

naaeslldnnuuanatsiuegsiidedrAgynisana
(P>0.05) Figure 1 LLﬁ@ﬁfWﬁﬂLﬂ%%qanmﬁm
FousdUneiii 0 fa densil 8 ludhiFewanansarin
Waendduawiafisneiu 5 seau 1dud 0, 0.1, 0.3,
0.5 wag 0.7 nsu/ans (Figure 1) W1515LADTNIS

a a

L%iﬁJLG]UIGI‘UENQﬂUa’]ﬁJﬂSLHﬁWLaﬂﬂﬂdﬁﬂﬂﬁiﬁﬁﬂwaaﬂ

o

AduAwINg 0, 0.1, 0.3, 0.5 kax 0.7 NSu/ams Junun

Y a1 [

wwigvasgnuardasuauianiaiu 0.32 nfu/da

0.5

ﬁmﬁfﬂLaﬁﬂqﬂﬁwﬁuaqqﬂﬂaﬁmﬂﬁu 0.39, 0.41,
0.40, 0.41 @y 0.43 ASU/AD ATUAIRU Y
Fiuturiniu 0.07, 0.09, 0.08, 0.09 uaw 0.11 N3/
1 muaeu dandnilfinduse uwindu 0.001,
0.002, 0.001, 0.002 wag 0.002 NFU/U ANNEIGU
wardnIINITRTYLAUIATLWIZIYINAY 0.38, 0.44,
0.39, 0.46 wag 0.53%/7u A ua1avu buflAay
uanANAueElited Agyn1eada (P>0.05) 9ns1500
anUadnfleyualuiidemauasadaiudendiden
WiAe 0.1, 0.3, 0.5 wag 0.7 N3W/ans AAAU 96.66,
100.00, 96.66 wagz 100.00% ATUaIAU AA2IY
uanAeRUeE1eltudAYN19ads (P<0.05) Taadan
snnirgnuandaitlaildeyuiadetiismanans
afmUdendiden (0 n3w/Ans) 71 83.33% (Table 3)

——0¢L —g=-01gL

0.45

0.4

Weight (gram/fish)

0.3

03 g/L 0.5 g/L 0.7 g/L

Y]
/
4

0.25

Experimental period (weeks)

Figure 1 Average weight of B. splendens (gram) at various concentrations
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Table 3 Growth rate and survival rate of Siamese fighting fish reared in various concentrations

of A. catechu barks extract

Growth A. catechu barks (dry weight/liter)
0 0.1 0.3 0.5 0.7 F-test

Initial body weight 0.32+0.00 0.32+0.00 0.32+0.00 0.32+0.00 0.32+0.00 ns
(gram/fish)

Final body weight 0.39+0.02 0.41+0.05 0.40+0.05 0.41+0.05 0.43+0.00 ns
(gram/fish)

Weight gain 0.07+£0.02 0.09+0.05 0.08+0.05 0.09+0.05 0.11+0.01 ns
(gram/fish)

Average daily 0.001+0.000  0.002+0.001  0.001+0.001 0.002+0.001 0.002+0.000 ns
weight gain
(gram/day)

Specific growth rate 0.38+0.13 0.44+0.23 0.39+0.23 0.46+0.21 0.53+0.02 ns
(%/day)

Survival rate (%) 83.33+12.58°  96.66+2.88° 100.00+0.00° 96.66+5.577°  100.00+0.00° *

Mean+SE values within a row followed by the different superscripts are significantly at P<0.05.

* = significant, ns = non-significant

ArAudunsn-asein wazA1n1sn
nlihaesihildeyuragnuarfniinauaisataden
ddunuia 0 (eAuAw), 0.1, 0.3, 0.5 uaz 0.7 NFW/aNT
Wusveziian 8 dUast wudnarmnadunsa—ana
Yot NaNa1sateUaendidenute 0.5 uaz 0.7
n/Ans SAedowindu 6.33 Tutae 6.61-6.12 uas
Aade 6.38 T 6.69-5.97 muddu fiedesnin
ihillfeyunagnuandaiinauansataiudendidoausis
0 uav 0.3 n¥u/ans SAady 7.26 Tuta 7.38-7.13
wazALady 7.5 T 7.59-7.33 auddu uasen

Anudunsa-arsvesildoyuragnuaiiniinay

arsatadendiduauis 0.1 n¥u/ans SAuade
Wiy 7.62 Tugae 7.72-7.58 fAruannindild
oyulagnuatfnfinanaisadadendidonusie
0, 0.3, 0.5 ag 0.7 N3u/an3 (P<0.05) LazAINITUI
ntilweshifldoyunagnuanfniinauasatadon
FLdauiie 0, 0.1, 0.3, 0.5 Lay 0.7 NSu/ans &
Aadewinfu 455.46 Turng 477-427, 435.86 Tugag
451-421, 400.13 Tuaa3 443-270, 390.86 Tuta9
414-367 Way 417.06 ps/cm Tuga9 430-405 ps/cm

Lifanuupnansiuegredldedidgneada (P>0.05)
(Table 4)
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Table 4 Water quality parameters B. splendens at various concentrations

A. catechu barks pH Electrical conductivity (us/cm)
(g/L) Range Mean£SE Range Mean+SE
0 7.38-7.13 7.26+0.09° arr-a27 455.46+20.30°
0.1 7.72-7.58 7.62+0.05° 451-421 435.86+10.51°
0.3 7.59-7.33 7.45+0.09%° 443-270 400.13+£72.87°
0.5 6.61-6.12 6.33+0.21° 414-367 390.86+20.34°
0.7 6.69-5.97 6.38+0.27°¢ 430-405 417.06+12.19°
F-test * *

Meanz=SE values within a column followed by the different superscripts are significantly at P<0.05.

* = significant, ns = non-significant
33INANITINY

mﬂmimmaaaaqmaqﬂﬂmﬁmé’wﬁﬂLgaq
nanasatadondideauiafidvsuia 0, 0.1, 0.3,
0.5 uaz 0.7 n3u/ans Wusseziian 8 &t wuin
@j"mwmisammaﬁuaqqﬂanﬁmﬁaﬂgma‘LuﬁﬂLgmwam
asanmasnddanuiie 0.1, 0.3, 0.5 way 0.7 NSY/
ans fengamingnuaniaitlildeyunadaeiidesmea
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The Application of Dried Black Soldier Fly (Hermetia illucens L.) Larvae in Feed
for Organic Mekong Giant Catfish (Pangasianodon gigas Chevey, 1930)
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Developing organic animal feed formulas is an important approach to promoting organic
aquaculture. Nutrition plays a vital role in the growth of aquatic animals. Dried Black Soldier Fly (BSF)
larvae, with high protein content, are being considered as an alternative protein source to fishmeal. The
purpose of this study was to investigate the growth performance of Mekong giant catfishes fed with 0
(control), 30 (BSF1), 40 (BSF2) and 50 (BSF3) percent dried BSF larvae. The diets contained 40 percent
protein. The initial fish size was 50+0.12 grams. Catfish were cultured in 1x1x1 meter plastic cages, at
a density of 20 fish per square meter. Fish were fed at 3 percent of fish weight and cultured for 60 days.
The results showed that the proximate analysis of organic dried BSF larvae revealed a protein content
of 47.82+2.01 percent. The moisture, ash, lipid, fiber, and carbohydrate contents were 5.51+0.23,
12.14+0.22, 7.31+0.62, 7.97+0.70, and 19.22+0.23 percent, respectively. The Mekong giant catfish fed
a diet containing 40 percent dried black soldier fly larvae (BSF2) had the highest average weight gain,
108.13+6.052 grams, and the lowest feed conversion rate, 2.38+0.04. All treatments showed significant
differences in weight gain (p<0.05). On the other hand, there were no significant differences among
treatments in terms of average daily gain and survival rate (p>0.05). In conclusion, dried black soldier
fly larvae could be used as an alternate protein ingredient in fish feed for Mekong giant catfish culture,

and the optimum inclusion level was 40 percent dried black soldier fly larvae in fish feed.

Keywords: Mekong giant catfish, black soldier fly larvae, organic feed, growth
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Table 1 The composition of feed mixed with black soldier fly larvae (BSF) 4 formula

Ingredient (%) Control BSF1 BSF2 BSF3
Black soldier fly larvae 0 30 40 50
Soybean 90 51 41 31

Rice bran 0 9 9 9
Broken rice 9 9 9 9
Vitamin?® 1 1 1 1
Total 100 100 100 100
Proximate analysis (%)

Protein 40.41+0.96 39.85+1.10 39.94+0.73 39.89+0.66
Moisture 9.14+0.80% 8.58+0.11° 10.94+0.14° 9.75+0.39%
Ash 11.18+0.48 10.97+0.23 11.76+0.06 12.95+0.89
Lipid 8.65+0.67° 9.72+0.18% 11.01+0.10° 12.05+0.18¢
Fiber 4.75+0.66 5.32+0.44 5.90+0.86 7.41+0.88

2Vitamin (IU or mg kg- 1 of premix): retinol 40,000 1U; cholecalciferol 4,000 IU; O-tocopherol acetate 400 mg; menadione 12 mg;

thiamine 30 mg; riboflavin 40 mg; pyridoxine 30 mg; cyanocobalamin 80 Jg; nicotinic acid 300 mg; folic acid 10 mg;

biotin 3 mg; pantothenic acid 100 mg; inositol 500 mg
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ANULANARE1EINEEAYNI9EDR (p>0.05) Tudau
vasgnT1senvestminlunnyansmasediAniniy

80 Wasidua wazUszansamveslusaulueims

Wui191915 BSF2 fluszaniaimueslusiudiige
(p<0.05) A4 Table 2

Table 2 Growth performance of Mekong giant catfish fed with feed mixed with Black Soldier Fly

larvae (BSF) for 60 days

Treatment  Weight gain (g) FCR PER ADG (gffish/day)  Survival rate (%)
Control 67.02+3.721° 3.388+0.03" 0.72+0.01° 1.037+0.57 80+0.00
BSF1 98.93+5.280" 2.914+0.03° 1.05+0.01° 1.522+0.81 80+0.00
BSF2 108.13+6.052° 2.387+0.04° 1.1520.01° 1.664+0.93 80£0.00
BSF3 94.90+5.411° 3.162+0.04° 1.01+0.01° 1.460+0.83 80+0.00

Values are Means+SE and values in the same row with different superscripts are significantly different (P<0.05).
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The black soldier fly larvae (Hermetia illucen, BSFL) are noteworthy in various industries. They
produce lipids that possess desirable physicochemical properties and show promising bioactive
potential. Furthermore, the residual biomass left after oil extraction is a high-quality alternative protein
source. This makes them an excellent choice for applications in livestock feeding and aquaculture.
Therefore, the objective of this study was to optimize the ratio and formulation of feed for BSF to assess
how it affects the growth rate, oil yield, and oil characteristics for use in high value-added products. The
results demonstrated that the optimal feed components were corn, rice bran, and soybean meal.
Soybean meals displayed the highest protein and fat levels, at 26.50 and 10.63 ¢/100 g, respectively.
Additionally, soybean meal had the greatest diversity of amino acids. Based on the evaluation of the
optimal ratio, the optimal formulation consisted of corn meal, rice bran, and fresh soybean meal at a

ratio of 1:1:3 by weight, producing 82.61 ¢/100 g of BSFL oil and containing 34.88 ¢/100 g of lauric acid.
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Furthermore, BSFL oil contained 1,100, 17,197, and 17,480 mg of omega 3, 6, and 9 fatty acids per 100

g of BSFL oil. The peroxide value and saponification number of BSFL were measured at 3.65 m Eqg/kg

and 233.44 mg KOH/g, respectively. Consequently, the BSFL feed formulation from this study could be

applied as a method for BSFL rearing for high value-added products.

Keywords: black soldier fly, Hermetia illucens, feed formulation, oil, cosmetics, high value-added product
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a
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wiusnamndvdesaniigniuluasiviuim
gefiamfusudiud 2 (Table 1)

Table 1 The weight of BSFL and their feed consumption

Feed types

Increased weight (g)

Consumed feed (g)

Palm oil meal

Fresh soybean meal

Rice bran 72.31+3.52°
Corn meal 100.86+6.00°
Soybean meal 67.05+1.69¢
Pineapple peel 97.14+1.61°

Commercial feed

83.69+2.55°¢
95.59+1.02%°

89.12+4.06"

200.29+2.61°
306.30+29.19°
86.39+17.17¢
191.81+6.60°
189.97+6.12°
294.88+8.39°
178.20+4.14°

Data are presented as meanzstandard deviation.

Means with different lowercase letters in the same column indicate significant differences when compared using Least Significant

Difference (LSD) at 95% confidence level (p<0.05).
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Palm oil meal

Soybean meal

Fresh soybean meal

Pineapple peel

Rice bran Corn meal

Commercial feed

Figure 1 The morphology of 13-day-old BSFL grown on different types of feed examined

using a stereo microscope at 10X magnification

asUszneUvRE NS s e s aunuamsde
1NN1TATIDATIERMUTUulUsAULAY
laduresdalnaunaziden s1aglden waznin
frndesanauus Faduormsndnildinizides
Frdouratuuammsidefiliiiningseufinay
wndian Idnsutniaden uasiinduszninenis
waLﬁymﬁaaﬁqm WUTININEIAE DR B UK
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fUsailURulagluiugaian diusasdundusunn

Table 2 Protein and fat contents of selected feed

TUsfunarlvdusosasun wazdnlnaunaziden
fsinalUsunaslutuosiian (Table 2) uagnanis
Sinsrevinsaesilufinuluemsiildides BSFL wuin
nndavdesansuuiaiidiuiunsnesiluiiniige
&4 20 ila luvariitlnaunazBesuaysiaziden
wunsnerdlufianun 18 wie lutngiuis 3 wile
15un 1lnaunazden s1az8en waznindindes

wuUSuunsaedlungiinuniian (Table 3)

No. Feed types Content (%)
Protein Fat
1 Corn meal 8.67 3.89
2 Rice bran 12.80 10.30
3 Dried fresh soybean meal 26.50 10.63
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Table 3 The amino acid composition of selected feed

No. Amino acids Content (mg/100 g)
Dried fresh
Corn meal Rice bran
soybean meal
1 Alanine 743.46 842.57 1,266.19
2 Arginine 367.26 916.73 1,303.02
3 Aspartic acid 582.71 1,137.67 2,528.90
a4 L-Cystine 63.97 89.81 171.56
5 Glutamic acid 1,552.59 1,875.91 3,989.06
6 Glycine 396.56 748.26 1,367.78
7 Histidine 215.71 326.07 636.97
8 Hydroxylysine ND 13.58 115.31
9 Hydroxyproline 16.38 ND 21.87
10 Isoleucine 129.40 207.02 370.88
11 Leucine 904.09 770.30 1,576.34
12 Lysine 254.37 495.74 1,195.83
13 Methionine 23.65 89.90 143.91
14 Phenylalanine 353.47 486.53 1,049.78
15 Proline 740.00 533.49 1,332.34
16 Serine 462.66 654.45 1,344.89
17 Threonine 293.30 439.88 771.00
18 Tryptophan ND ND 170.63
19 Tyrosine 299.59 373.96 529.53
20 Valine 190.84 323.10 498.97

ND = not detected; Limit of detection (LOD) is 5.0 mg/100 g.
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Sasdnfimunzauszuinemisusazyin
NNSANBINUIIUAaZYAN1INARDILA
dnsINsias A ulnves BSFL wane1aiu Inevisniuua
7i 3 fiddndrunes 411 lnaunasiden : S1az5u0 |
nndavidosan Tudasiau 1:1:3 Taetwin Tensn
m3LﬁagL§UImm§faéaumnﬁqm 399891179
NIMUUAT 17, 19, 12, 6 uay 16 8n51dU 2:3:3,
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Wiaiulnveis 5 vdvaud ldflnnuunnsneedns
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(Table 4) Tnednuwazuardvesisouiisaiie

91N TENTAUANANTULAAIGS Figure 2

Table 4 Growth rate and oil content of BSFL grown on different feed formulations containing

corn meal, rice bran and fresh soybean meal

No. Ratio* Growth rate (g/day) Oil content (g)
1 1:1:1 52.92+3.73" 15.49+0.24"
2 1:1:2 66.99+3.65° 2.43+0.569
3 1:1:3 77.15+1.19° 82.61+0.28°
4 1:2:1 57.14+6.57%F 17.30+0.80"
5 1:2:2 60.83+10.67< 13.44+0.37™
6 1:2:3 66.66+7.63 9.23+0.56"
7 1:3:1 48.27+3.78%" 21.37+0.38
8 1:3:2 55.06+3.86°" 4.44+0.46°
9 1:3:3 58.88+4.01% 30.06+0.84¢
10 2:1:1 44.64+1.02" 29.21+0.58°
11 2:1:2 48.95+5.79%" 30.28+0.72¢
12 2:1:3 48.99+1.14%" 15.43+0.47"
13 2:2:1 35.60+2.59' 26.35+0.39"
14 2:2:3 49.23+0.75%" 32.38+0.51¢
15 2:3:1 60.58+1.61 41.09+0.33°
16 2:3:2 64.50+2.56" 32.45+0.39°
17 2:3:3 67.38+2.30° 22.21+0.42"
18 3:1:1 59.93+1.72°% 20.83+0.70
19 3:1:2 67.17+0.99° 15.76+0.33'
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Table 4 (Continued)

No. Ratio* Growth rate (g/day) Oil content (g)
20 3:1:3 0.81+0.74 18.02+0.17
21 3:2:1 0.86+0.62 7.59+0.41°
22 3:2:2 1.57+0.82 13.02+0.22™
23 3:2:3 1.52+0.68 23.46+0.508
24 Corn meal 1.06+0.29 9.63+ 0.10"
25 Rice bran 58.79+4.779% 32.29+0.72°
26 Fresh soybean meal 2.06+1.36¢ 18.51+0.31
27 Commercial feed 3.19+0.60/ 23.21+0.228

*Ratio of corn meal : rice bran : fresh soybean meal by weight; Data are expressed in terms of meanzstandard deviation.
Data with different lowercase letters in the same column indicate statistically significant differences when comparing the

average values using the Least Significant Difference (LSD) test at a 95% confidence level (p<0.05).

l_lllllllllllll LL Ill l_l_lllllllllll LIIIIIIII'IIII l_lllllllllllll

1:1:1 1:1:2 1:1:3 1:2:1 1:2:2
|_|||||||||| L‘llmllullnn "””IIII m Llllu”l'lll
1:2:3 1:3:1 . 2:1:1

2:3:2 3:1:3

l_nlllll'ulll d w
3:2:1 3:2:2 3:2:3
I_IIIIII ﬂ I_IIIIIIIIIII m
Corn meal Rice bran Fresh soybean  Commercial
meal feed

Figure 2 The morphology of BSFL grown on different feed formulation formulations
(corn meal: rice bran : fresh soybean meal) examined using a stereo microscope

at 10X magnification
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Table 5 The appearances and CIE (L*, a*, and b*) color values of oil extracted from BSFL

grown on different feed formulation

No. Ratio* Appearances L* a* b*
1 1:1:1 45.34+0.53%" 9.93+0.28°% 8.47+0.34"
2 1:1:2 44.06+0.53" 8.20+0.28% 5.12+0.34%%
3 1:1:3 52.30+0.48 10.99+0.15° 15.11+0.49°
4 1:2:1 51.96+0.40% 5.50+0.87%" 16.40+0.44%
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Table 5 (Continued)

No. Ratio* Appearances L* a* b*

5 1:2:2 - 42.04+0.11' 6.26+0.49° 2.73+0.25'™
6 1:2:3 40.61+1.63" 8.14+1.55% 3.00+0.96<™
7 1:3:1 42.70+0.24" 5.51+0.29%" 4.64+0.18™
8 1:3:2 38.37+0.03! 1.59+0.06'™ 2.07+0.09™
9 1:3:3 47.35+0.65" 6.40+0.23" 8.73+0.29"
10 2:1:1 48.38+0.30" 6.60+0.14°% 11.48+0.43
11 2:1:2 54.41+0.70" 5.45+0.86" 17.82+0.90°
12 2:1:3 59.60+0.64° 0.70+0.49™°  23.44+0.65
13 2:2:1 59.51+1.77° -0.28+0.75™ 22.73+1.47°
14 2:2:3 6 38.33+0.17" 3.30+0.414 2.67+0.28"™
15 2:3:1 41.88+0.95'% 6.04+0.68%" 4.05+0.71K™
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Table 5 (Continued)

No. Ratio* Appearances L* a* b*

16 2:3:2 59.26+1.25° 2.40+0.98<™ 23.24+1.22%
17 2:3:3 61.47+0.27° 2.08+0.25K™ 27.42+0.21°
18 3:1:1 38.67+0.21" 4.30+0.30" 1.60+0.18"
19 3:1:2 45.19+0.41%"  10.33+0.17%° 6.69+0.71"
20 3:1:3 51.44+0.52% 9.59+0.5220< 14.98+0.96°
21 3:2:1 38.62+0.20" 1.12+0.06™ 1.25+0.14"
22 3:2:2 40.15+0.351 2.21+0.354™ 2.60+0.23'™
23 3:2:3 50.97+0.69% 7.04+0.71°% 13.15+0.91%
24 Corn meal é 44.13+0.16" 9.05+0.11°< 5.98+0.14"
25 Rice bran 60.15+0.04° -0.81+0.03° 25.21+0.15%
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Table 5 (Continued)

No. Ratio*

Appearances

26  Fresh soybean meal

27 Commercial feed

L* a* b*
49.75+1.815"  11.13+0.30° 13.51+2.13
56.68+0.14° 3.74+0.13% 21.73+0.07¢

* Ratio of corn meal : rice bran : fresh soybean meal by weight; Data are expressed in terms of meanzstandard deviation.

Data with different lowercase letters in the same column indicate statistically significant differences. when comparing the average

values using the Least Significant Difference (LSD) test at a 95% confidence level (p<0.05).

aunwiduiildann BSFL
MnnMsleszsinaamiituiliann BSFL
yoaviMudi 3 AwUiuhifusnniian wuiidien
waseenluawiniu 3.65 m Eqzkg Madnsuauya
wesoenlydoandiaudenidu 1 alandu) e
farsanAgmeudfiinduresinduiildann BSFL
WUIHUSUAUNAU 233.44 mg KOH/g 21nA1IATID

Anszalanenin laun arsny aend wagdsen

o A

puIbdnulaneundnys 3 vda tudiduianale

Table 6 Properties of BSFL oil

(Table 6) Inuan1TIAT TR TALArUSUIUUDINTA
Tagfuriuiildann BSFL wuindusunalusududn
(Saturated fat) 11niign Inensalusufinuuindian
Ao nsmaadn (Lauric acid) drunsalasfufinu
Tudsunusesasun Ao nsalatadn (cis-9-oleic acid)
AsAAlaNN (cis-9,12-linolenic acid) waznsauraudfn
(Palmitic acid) uenaniiganunsaludungslowmii
3, 6 waz 9 lutinsuann BSFL fiafalésngae (Table 7)

Analysis Results
Peroxide value (mEg/kg") 3.65
Saponification number (mg KOH/g™) 233.44
Heavy metal content (mg/kg)

Arsenic (As) ND™
Lead (Pb) ND™
Mercury (Hg) ND™

‘mEqg/ke is milliequivalents of free iodine per kg of fat; “mg KOH/g is mg of KOH per g of sample.

""ND = not detected; Limit of detection (LOD) of arsenic, lead, and mercury are 0.05, 0.01 and 0.008 mg/kg, respectively.
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Table 7 Fatty acids composition of BSFL oil

No. Fatty Acids Content (g/100 g) LOD*
1 Butyric acid ND** 0.01
2 Caproic acid 0.01 -
3 Caprylic acid ND** 0.01
a4 Capric acid 1.09 -
5 Undecanoic acid ND** 0.01
6 Lauric acid 34.88 -
7 Tridecanoic acid 0.05 -
8 Myristic acid 6.91 -
9 Pentadecanoic acid 0.15 -
10 Palmitic acid 14.91 -
11 Heptadecanoic acid 0.23 -
12 Stearic acid 2.34 -
13 Arachidic acid 0.13 -
14 Heneicosanoic acid 0.72 -
15 Behenic acid 0.08 -
16 Tricosanoic acid ND** 0.01
17 Lignoceric acid 0.02 -

Saturated fat 61.23 -
18 Myristoleic acid 0.18 -
19 cis-10-Pentadecenoic acid ND** 0.01

20 Palmitoleic acid 2.40 -
21 cis-10-Heptadecenoic acid 0.07 -
22 trans-9-Elaidic acid 0.24 -
23 cis-9-Oleic acid 17.48 -
24 cis-11-Eicosenoic acid 0.08 -
25 Erucic acid ND** 0.01
26 Nervonic acid ND** 0.01

Monounsaturated fatty acid 20.45 -
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Table 7 (Continued)

No. Fatty Acids Content (g/100 g) LOD*
27 trans-Linolelaidic acid ND** 0.01
28 cis-9,12-Linolenic acid 17.17 -
29 Y-Linolenic acid 0.01 -
30 O.-Linolenic acid 1.24 -
31 cis-11,14-Eicosadienoic acid 0.02 -
32 cis-8,11,14-Eicosatrienoic acid 0.01 -
33 cis-11,14,17-Eicosatrienoic acid ND** 0.01
34 Arachidonic acid ND** 0.01
35 cis-13,16-Docosadienoic acid ND** 0.01
36 cis-5,8,11,14,17-Eicosapentaenoic acid ND** 0.01
37 4,7,10,13,16,19-Docosahexaenoic acid ND** 0.01
Polyunsaturated fatty acid 18.32 -
Unsaturated fat 38.76 -
38 Trans fat 0.24 -
39 Omega 3 (mg/100g) 1,100.50 -
40 Omega 6 (mg/100g) 17,197.60 -
a1 Omega 9 (mg/100g) 17,480.90 -
42 Gondoic acid 0.07 0.01

* LOD = limit of detection
** ND = not detected
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The study investigated the impact of lithium chloride on parasitic mites (Tropilaelaps spp. and

Varroa spp.) infesting European honeybee (Apis mellifera L.). The experiment involved three different

concentrations of lithium chloride: 10, 25 and 50 mM with sucrose feeding application. These

concentrations were compared with amitraz 20% W/V EC and a control group with no chemical

treatment. The lithium chloride at 50 and 25 mM showed the highest Tropilaelaps number of dead

(59.73+19.18 and 50.95+19.61 mites, respectively). In addition, the 50 mM lithium chloride solution

showed a significant reduction in Varroa population, with 23 mites dead. The lithium chloride was

effective in Tropilaelaps and Varroa and showed a significant difference from the control group (P<0.05).

Keywords: bee mites, Tropilaelaps, Varroa, lithium chloride, Apis mellifera L.
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Wde 35.52+15.23 §1 uaznanIseaeslSeuLiiau
WUU Non chemical dwnason1snneveslsnsoia
waudiady 9.85+6.01 61 luamsfinanisnievesls
15%7 (Table 2) ansazanedifieunaslsafidemarile
l5n355megeiian Ae mnududu 50 Sadluans 4
Havinlils21957m18 23 @7 Sesasunfe @15azany
ANULTLTY 25 wag 10 Haaluans lnednasonisane

9994571957 17 4ag 13 67 Aua1au luvueINanis

naapulIeuiisunisidasiaiioriingie (Amitraz)
fnaron15m1e9e9l511557 10 @2 wazd1msSunanis
NeasuUIyuisuLuy Non-chemical dnasonis
ae9041591557 4 # 1fesanusaznisvaasany
Isn$aluduutesinn nansanevedlsnisidalale
Y1113 gsinan13adf wavinnisiivdeyaidu

NASINNINUAVDI5INSSITNY

Table 1 The efficacy of lithium chloride against Tropilaelaps mite

Day number of dead Tropilaelaps mite (mean+SD)
10 mM 25 mM 50 mM Amitraz Non-chemical

0* 20.00£9.03°Y  25.00+8.97% 20.80+7.92% 33.60+15.04° 10.20+4.09°
1 32.80+12.30°  34.60+6.19° 40.80+12.56°  33.40+20.16°  11.20+5.72°
2 37.80+9.63° 39.00£13.29°  49.80+20.22°  30.80+10.06°  16.20+11.19°
3 35.20+5.07° 51.20+14.70°  59.60+14.15%  32.40+11.55° 6.80+3.70°
4 40.40+13.15%°  54.80+18.42°  63.00+14.37°  36.60+11.70°  10.40+7.60°
5 43.80+12.95°  65.00+24.79°  74.80+14.55°  42.40+28.09°  12.20+9.23¢
6 42.60+7.64° 70.80+£13.61°  59.40+9.76a°  39.80+18.31° 9.60+3.21°
7 46.20£15.93°  64.80+12.483°  74.40+8.05° 33.20+6.53" 9.20+4.02°
8 41.40+8.29° 55.00+22.76°  69.00+18.15%  44.80+19.46°  10.80+5.22°
9 39.60+9.61° 46.40+20.83a°  64.40+11.97°  42.20+8.26° 9.20+5.97¢
10 42.40+3.21°° 55.40+25.64°  70.40+10.11°  36.60+18.47° 7.20+4.66°
11 41.20+9.65° 48.40+12.76™  70.40+10.11°  36.60+18.47° 7.20+4.66°
12 41.60+5.77° 45.20+13.66°  64.00£19.74°  24.60+5.55° 8.40+5.68°
13 46.40+12.93%°  46.00+14.44°°®  65.20+18.85°  41.00+18.40°  11.60+5.98°
14 43.20+17.82%°  62.60+21.66°  57.40+19.19°  27.40+11.24° 6.00+3.32°

Total 39.64+11.71°  50.95419.61°  59.73+19.18%  3552+15.23° 9.8546.01°

*Day 0 refers to the number of trypomastigotes before administering the lithium chloride solution and the comparative experiment

Y Within a column, means with a common superscript are not different at p=0.05
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Table 2 The efficacy of lithium chloride against Varroa mite

Day number of dead Varroa mite (sum)
10 mM 25 mM 50 mM Amitraz Non-chemical

0* oY 0 0 0 0
1 0 2 1 1 0
2 2 2 9 1 0
3 2 2 6 2 1
q 2 1 2 1 1
5 0 2 1 0 1
6 1 1 0 0 0
7 0 0 2 0 0
8 1 2 1 0 0
9 1 0 1 1 0
10 1 0 0 1 0
11 0 2 0 1 0
12 1 1 0 1 1
13 2 1 0 0 0
14 0 1 0 1 0

Total 13 17 23 10 q

*Day 0 refers to the number of steps before administering the lithium chloride solution and the comparative experiment.

.y Only a very small number of Rivarroa were found, so the mortality results of Rivarroa were not analyzed statistically. However,

data were collected as the total sum of all Rivarroa that died.
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Selection and Surface Modification of Materials by Non-thermal Plasma

to Improve Impregnation with Essential Oils for the Control of Honeybee Mites
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Tropilaelaps mites are a serious ectoparasite of honeybees, Apis mellifera, in Thailand and Asia.
In this research, the absorption and release properties of essential oils (EOs) of porous media were
analyzed. The brown ceramic bar showed the highest clove oil absorption capacity, 0.0050+0.0002
pl/mg, followed by carbon at 0.0036+0.0002 pl/mg of oil absorption capacity. The highest cinnamon oil
absorption was observed in carbon and brown ceramic bar materials (0.0067+0.0002 and 0.0065+0.0002
ul/ mg, respectively). A slight decrease in clove oil absorption was observed in carbon after plasma
treatment generated by argon and helium gases, but there were no significant differences (0.0036+
0.0002 and 0.0035+0.0001 pl/ mg, respectively). Although, argon- and helium-water vapour mixtures
were applied for carbon surface modification, the absorption of clove oil did not significantly change.
The clove oil slowly evaporated from the carbon material during the first 8 hours of incubation. Then,
the quantification of evaporation increased on day 3 (40-50%) and reached 50-60% by day 14 of
incubation. Lastly, the evaporation of clove oil from carbon was not significantly affected by plasma
treatments. Therefore, the conditions of non-thermal plasma should be further investigated to improve

the surface of materials for the application of essential oils or other materials to control honeybee mites.

Keywords: Tropilaelaps, non-thermal plasma technology, clove essential oil, absorption, evaporation
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Figure 1 The porous media used in this study
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Figure 2 Schematic diagram of the atmospheric-pressure plasma jet system
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Figure 3 Absorption capacity of clove and cinnamon essential oils by brown ceramic bar, carbon and

white smooth ceramic bar. Different lowercase letters represent significant difference (p<0.05).
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Figure 4 Absorption capacity (a) and evaporation rate (b) of clove essential oil from carbon treated

with argon and helium plasma jet (n = 6/treatment group). Comparisons of evaporation

were made between treatment at each time interval (p<0.05).
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Table 1 Percentage of evaporation of clove essential oil from carbon treated with argon and

helium plasma jet (n = 6/treatment group) for 14 days

Time Evaporation of clove (%)*
Ar Ar+H,0 He He+H,O Control

0 hr 0.000+0.000" 0.000+0.000"™ 0.000+0.000"™ 0.000+0.000" 0.000+0.000"™

2 hr 12.078+2.621™  14.543+1.946"  13.641+1.662" 11.570+2.337"™ 12.613+0.695™

4 hr 13.057+2.465™  16.267+1.915™  15.124+1.467™ 12.854+2.092" 14.233+0.613"™

6 hr 15.628+2.389™  19.042+1.945™  17.625+1.314"™ 15.518+1.973™ 16.593+0.660"™

8 hr 17.318+2.411™  20.884+1.943"  19.199+1.286™ 17.620+1.889"™ 18.308+0.716"™
24 hr 27.938+2.149™  32.780+2.335™  30.006+1.084™  32.334+3.966™ 27.547+1.151™
2 days 43.622+1.925®  46.250+1.987° 43.657+1.018% 38.011+1.519° 40.287+1.675%
3 days 54.656+2.583™  52379+2.121™  52.934+1.817"  50.689+2.290™ 48.577+2.375™
4 days 55.262+2.445™  55008+2.497™  53.362+1.915"  52.090+2.583"™ 51.763+2.589"™
5 days 55.450+2.391™  54.441+2535™  53.701+1.898™  52.160+2.609™ 51.877+2.549"™
6 days 55.582+2.387™  54.749+2.486™  53.998+1.827"  52.501+2.599"™ 52.012+2.543"
7 days 55.612+2.382™  54.877+2.482"™  54.093+1.979"  52.913+2.552™ 52.210+2.534"™
8 days 56.140+2.322™  55324+2.427™  56.303+2.190"  53.591+2.518"™ 52.312+2.549"™
9 days 56.749+2.287™  55749+2.384™  58.492+2.642"  54.415+2.576"™ 52.372+2.546™
10 days  56.853+2.290™  56.112+2.438™  58.855+2.676"  54.750+2.555™ 52.625+2.471"™
11 days  57.147+2.368™  56.205+2.428"™  59.12622.591"  54.99412.523" 52.760+2.483"
12 days  57.830+2.293™  56.645+2.403"  59.945+2.618"  55.683+2.5049™ 52.903+2.481"™
13 days  58528+2.322™  57.032+2.408™  60.736x2.631"  56.332+2.614™ 52.963+2.478"™
14 days  60.352+2.009™  57.658+2.465™  60.960+2.582"  57.32622.566"™ 54.090+2.533"

* ns = not significant Comparisons of evaporation were made between treatment at each time interval (p<0.05). Different letters

indicate statistically significant difference
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Development of Rice Seasoning Powder From Marine Fish Scrapes Supplemented

with Dietary Fiber from Coconut Flour
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Coastal fishing operations often capture local marine species for sale and export, generating
substantial amounts of fish scraps that contribute to organic waste in communities. One approach to
adding value to these waste materials is by processing seafood and utilizing local ingredients to develop
new products. This study aimed to develop a rice seasoning powder—known as furikake in Japanese—
using marine fish scraps and coconut flour. The objective was to create a simple, cost-effective product
that enhances value and provided an additional revenue stream for existing businesses while offering
an appealing product to general consumers. Four prototype recipes for crispy fish powder were

developed, using marine fish scraps and coconut flour as primary ingredients. These were then
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formulated into rice seasoning powders. Sensory evaluation was conducted using a 9-point hedonic

scale to assess consumer acceptance. The most highly accepted formula was Formula (C) which

featured optimal seasoning and ingredient selection. It consisted of crispy fish, fried shallots, fried garlic,

roasted dried chilies, sugar and chicken seasoning, with percentages of 45.6, 22.2, 11.4, 8.1, 8.1 and 4.0,

respectively. This formula received the highest scores across all evaluated aspects, including color (6.8),

aroma (6.7), taste (6.7), texture (6.7), and overall preference (6.8). Statistical analysis revealed significant

differences (p<0.05) between Formula (C) and the other formulas, confirming the success of utilizing

marine fish scraps and coconut flour in developing a new, value-added product.

Keywords: rice seasoning powder, coconut flour, fish scraps, dietary fiber, valorization
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Table 1 Prototype of the crispy fish powder from marine fish scrapes supplemented with dietary fiber

from coconut flour

Ingredients Treatments
(%) A B C D
Fish powder 8.5 9.2 8.9 7.0
Coconut powder 8.5 9.2 17.8 13.9
All-purpose wheat flour 8.5 6.1 4.5 7.0
Rice flour 17.1 13.8 8.9 13.9
Salt 0.4 0.5 0.4 0.3
Water 56.9 61.3 59.4 579

NSWAILIKAAA el suUTFUIINIAYUAIELA
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NIIWAUINA A A9 Nl 58012910 LAwUaN
neiatasuloenmsanudausnsin 91U 5 gas
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AanaunaNsna gAY ndn Susidldluuse
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nsnaaeunisueniunisluszeziia vl aduani
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A lulglunsnegeunsyausunIsUssanduea

Table 2 The composition of the rice seasoning powder from marine fish scraps supplemented

with dietary fiber from coconut flour.

Ingredients Treatments
(%) A B @ D E
Crispy fish powder 91.8 62.6 45.6 37.0 36.9
Fried onions 0.0 15.7 22.8 27.8 36.9
Fried garlic 0.0 7.8 114 13.9 0.0
Ground roasted dried chilies 4.1 5.6 8.1 8.2 9.8
Sugar 4.1 5.6 8.1 8.2 9.8
Seasoning powder 0.0 2.8 4.0 4.9 6.6
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Table 3 Evaluation of sensory characteristics of prototype crispy fish powder from marine fish scraps

supplemented with dietary fiber from coconut flour

Treatments Color Smell Taste Texture Overall Liking
A 6.5+1.9° 5.5+1.9¢ 5.6+1.9° 5.9+1.6° 6.7+1.7°
B 6.5+2.0° 6.4+1.4° 5.9+1.6° 6.6+1.6° 6.8+1.1°
C 5.7+1.6° 5.8+2.0° 3.9+1.6 4.7+1.6 5.2+1.3°
D 5.4+2.1° 5.4+2.2° 4.5+1.8° 5.5+1.2° 5.1+1.5°

Meanztstandard deviation from three repeated experiments; Letters on the same column are not sharing the common letter

indicated significant differences (p<0.05).
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Table 4 Evaluation of sensory characteristics of prototype rice seasoning powder from marine fish

scraps supplemented with dietary fiber from coconut flour

Treatments Color Smell Taste Texture Overall Liking
A 5.3+1.8° 4.4+1.8° 4.2+2.1° 5.242.0° 4.3+2.1¢
B 6.0+1.8° 5.9+1.8° 5.8+2.3 6.0+1.9° 5.6+2.3
C 6.8+1.9° 6.7+1.6° 6.7+1.6° 6.7+1.5° 6.8+1.7°
D 6.8+1.6° 6.9+1.9° 6.1+1.8° 6.5+1.5° 6.8+1.7°
E 6.9+1.6° 6.7+2.0° 6.2+¢2.1° 6.4+1.5° 6.3+1.7°

Meanztstandard deviation from three repeated experiments; Letters on the same column are not sharing the common letter

indicated significant differences (p<0.05).
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Consumer Behavior Regarding Instant Curry Paste in Chiang Mai Province
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This research was a study of the consumer behavior regarding instant curry paste in Chiang Mai
province. The sample group size was 400 people. The statistical analysis of these questionnaires
revealed that most consumers are female, between aged of 41-50 years old, and possessed a
bachelor's degree. The average income was between 20,001-30,000 Baht per month. Most consumers
chose to buy instant curry paste containing spicy curry paste. The frequency of purchase was 1-2 times
a week or less. The typical purchase quantity was 100-300 grams per purchase. The shelf life was 1
month. Individuals typically chose to buy from community markets or fresh markets. The brand of
instant curry paste that consumers preferred was the Mae Yai Chit brand because of its delicious
taste. Because it was clean and full of herbs, it was considered delicious. The most important factors
that affected the decision to buy ready-made curry paste were the product being certified according
to various standards from the FDA and community product standards. More distribution locations
were suggested so that consumers could have the convenience of purchasing and easy access.

Channels for promoting marketing both offline and online should be enhanced.

Keywords: consumption habits, instant curry paste, marketing mix
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dusaguludmiadeddnd nuidneuwuvasuaiy 20,001-30,000 U Anlusesas 42.75 (Table 1)

Table 1 Consumption behavior of ready-made curry paste products in Chiang Mai province

Consumer behavior Number (400 people)

%

1) Type of instant curry paste to buy

Curry paste 118 29.50
Curry paste with sauce 91 22.75
Green curry pepper 73 18.25
Hang Lay curry a8 12.00
Panang curry paste 29 7.25
Massaman curry paste 23 575
Orange curry 18 4.50
2) Range of purchase of ready-made curry paste products
Frequency 1-2 times/week or less 148 37.00
Frequency 3-4 times/week 113 28.25
Frequency 5-6 times/week 98 24.50
Frequency: more than 6 times/week 41 10.25
3) Reasons for making a decision to buy instant curry paste products
For self-consumption 189 47.25
For resale (This product can generate income for entrepreneurs) 123 30.75
To be processed (selling curry rice) 88 22.00
4) The amount of purchases of ready-made curry paste products per time
Less than 100 grams 106 26.50
100-300 grams 123 30.75
301-500 grams 98 24.50
More than 500 grams 73 18.25
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Table 1 (Continued)

Consumer behavior Number (400 people) %
5) Shelf life of instant curry paste products
1 month 267 66.75
2 month 87 21.75
3 month 32 8.00
More than 3 months 14 3.50
6) Where to buy ready-made curry paste products
Community Market/Fresh Market 213 53.25
General grocery store 104 26.00
Convenience store 21 5.25
Department Store/Supermarket 38 9.50
Souvenir / Local Products Shop 16 4.00
Others include community enterprises, housewives, etc 8 2.00
7) Which brand of instant curry paste product do you buy?
Mae Yai Chit 81 20.25
Mae Amporn 64 16.00
Deep Lee 57 14.25
Trajan Horom a7 11.75
Nam Jai 41 10.25
Trakanokwan 37 9.25
Lobo 27 6.75
Mae Lex Subin 21 5.25
Mae Porn 17 4.25
Others include the Subin Small Mother Seal. Little 8 2.00
Mother Mekhala Seal etc.
8) Reasons for choosing instant curry paste
Delicious tasty 127 31.75
Nutritious benefits 87 21.75
Contains medicinal properties herbs 34 8.50
Convenient to cook to eat 65 16.25
Others, such as easy to cook, like spicy food 16 17.75
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Table 1 (Continued)

Consumer behavior Number (400 people) %
9) Influential individuals buying ready-made curry paste
Individual 123 30.75
Recommended by friends 94 23.50
Advertising media from shops such as pamphlets, 73 18.25
vinyl signs, etc.

Social media 65 16.25
TV advertising 45 11.25

Total 400 100.00
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Table 2 Effect of marketing mix on purchasing decisions of instant curry paste products.

Marketing Mix Mean S.D. Level

1) Product 4.38 0.552 High
Product taste 4.68 0.72 High
Brand of products 4.23 0.81 High
Famous and well-known products 4.26 0.75 High
Label packaging quality 4.48 0.73 High
Product standard and quality 4.70 0.70 High

2) Price 4.19 0.531 High
Reasonable price affects the purchase decision 4.45 0.71 High
Reasonable price for the quantity of the product 4.21 0.79 High
Variety of price levels to choose from 4.02 0.93 High
Clear price tag 4.09 0.91 High

3) Distribution channel 4.12 0.571 High
Convenient location of the store 4.32 0.76 High
Multi-channel distribution 4.13 0.75 High
Proper allocation of product placement area 4.19 0.81 High
Organized product placement, easy to find 4.21 0.77 High
Can be order products online 391 1.11 High
Buy products near home or office 4.54 0.70 High

4) Marketing Promotion 3.93 0.702 High
Advertising via various media such as online media, Brander etc. 3.98 0.93 High
Advertising media prepared to provide clear information 3.95 0.91 High
Special items, giveaways and freebies 3.86 0.94 High
Product display and tasting at point of sale 3.82 0.89 High
Available home delivery service 3.89 0.88 High
Quality guarantee branded certified products 4.25 0.87 High
Total 4.15 0.459 High
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Creating tourism routes based on cultural heritage, a case study of a glutinous rice community
in Nakhon Phanom, province, aimed to study the potential of glutinous rice communities in Nakhon
Phanom province to develop cultural tourism routes linking significant tourist attractions in Nakhon
Phanom province. This qualitative research employed participatory observation, in-depth interviews,
and focus group discussions to identify glutinous rice-producing communities with potential for cultural
tourism. The research aimed to uncover tourism activities that showcased local identity and
characteristics. The study resulted in 3 prominent community tourism sites showcasing glutinous rice
culture included the Na Thon Subdistrict Cultural Tourism Community, the Ban Na Lom Sweet Rice
Community Enterprise, and the Ton Phueng Subdistrict Rice Processing Community Enterprise (Khao
Suk). Focus group interviews were conducted to develop tourism routes based on the values of “Belief,
Religion, Food, and Cultural Inheritance of Nakhon Phanom People”, which comprised two main paths:

“Worshiping Phra That Phanom, Visiting Tribal Culture” and “Wisdom of the Mekong River Naga”.

208



Journal of Agri. Research & Extension 42(1): 208-224

In order for tourism to enhance the economic potential in the context of the community, the

project aimed to enhance the participation of community members, supported the management

system of community products and transfered knowledge according to the needs of the areas,

generated income from glutinous rice products such as Khao Mao cupcakes, organic brown rice, rice

straw-dyed fabric, etc.

Keywords: tourism routes, cultural tourism, slutinous rice community, Nakhon Phanom
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Table 2 Comparative of the potential resources of three communities

Community

Location

Rice varieties

Cultural tourist
attractions in the

area

Community
traditions and

culture

Souvenir

Tourism activity

1. Na Thon Sub-
district Cultural

Tourism Community

That Phanom
district, Nakhon

Phanom province

Local glutinous
rice, Hom Naka
Glutinous rice,

Organic rice system

Wat Phra That
Phanom, Wat Phra
That Renu, Pu Ta

Saeng Shrine

Indigenous tribal
costumes, Worship
of the replicated
Buddha’s relics of
Sunday and Monday

born

Antique knife,
Antique fabric, Khit
cloth

Thipphamon Rice
Community
Enterprise and
Mother Rice Farm,
mae-thongyam
Community
Enterprise, Rafting at
Nong Wai Fang
Daeng Subdistrict,

Traditional massage

2. Ban Na Lom
Sweet Rice
Community

Enterprise

Phon Sawan
district, Nakhon

Phanom province

Landmark of
Phraya Sri Satta
Nakarat, Wat Phra
That Phon Sawan

Worship of the
replicated Buddha’s
relics of Wednesday

(night) born

Khao Mao, Khao

Lam

Ecotourism activities
such as biking, Take
a tractor ride to see

the flower fields.
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Table 2 (Continued)

Community

Location

Rice varieties

Cultural tourist
attractions in the

area

Community
traditions and

culture

Souvenir

Tourism activity

3. Ton Phueng
Subdistrict Rice
Processing
Community
Enterprise (Khao
Suk)

Mueang district,
Nakhon Phanom

province

Local glutinous
rice, Organic rice

system

Landmark of
Phraya Sri Satta
Nakarat, Phra That
Nakhon, Phra That
Tha Uthen

Worship of the
replicated Buddha’s
relics of Friday and

Saturday born

Khao Mao
cupcakes, organic

brown rice

The Ton Phueng
Rice Processing
Community
Enterprise (Rice
Production and
Processing Standard

Learning Center)

"<
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Nakhon Phanom
That Phanom District

Na Thon Subdistrict Cultural
The study results found 3 prominent community Tourism Community
tourism sites showcasing glutinous rice culture

include the

=Sge

N U maethongyam

Phra That Phanom - M
Phra That of the day of birth on
Sunday

« Thipphamon Rice Community
Enterprise and Mother Rice
Farm

Figurel Worshiping Phra That Phanom, Visiting Tribal Culture route
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Nakhon Phanom

~~~~~

“Worshiping Phra That Phanom, Visiting
Tribal Culture” and “Wisdom of the
Mekong River Naga”

Ban Phaeng

the Ban Na Lom Sweet Rice g
District

Community Enterprise

Phon Sawan
District

« Phra That Phon
Sawan

» Phulangka Tai Community

the Ton Phueng Subdistrict Rice Processing
Community Enterprise (Khao Suk).

£
e

\'*é““)“ S}

il

« Phra That Tha Uthen |
Phra, That for those born &

Mueang Nakhon
Phanom District

[&%% : ;_ﬁ

Phra That Nakhon
Phra That for those born on
Saturday

Figure 2 Wisdom of the Mekong River Naga route
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The Study of Problems, Cost and Benefit of Cassava Production
Using the Large-scale Collaborative Farming Project

in Doem Bang Nang Buat District, Suphanburi Province
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The objective of this research is to analyze the costs and benefits of growing cassava and the
problems in growing cassava by farmers in the large-scale collaborative farming project in Doem Bang
Nang Buat District, Suphanburi Province. Data were collected from a sample of 30 persons through
purposive sampling using a structured interview form to collect data for the 2022 production season.
The data were analyzed using descriptive statistics. In addition, the cost and benefit structure was also
analyzed according to economic principles. The results of the study showed that cassava farmers had
a net profit of 2,814.18 baht per rai and a profit above the average cash cost of 3,755.59 Baht per rai.
The average total cost of growing cassava was 6,416.05 Baht per rai. The largest fixed cost was land
rental, accounting for 556.07 Baht per rai. Significant variable costs were chemical fertilizer, accounting
for 2,456.03 baht per rai, followed by the cost of plowing and planting, which was 700.00 Baht per rai,
and plowing cost, calculated as 600.00 Baht per rai. The return on investment (ROI) ratio was 43.86
percent, and the net profit margin (NPM) was 30.49 percent. In assessing the average level of problems

in growing cassava, it was at a high level (X=3.52), Important issues were the outbreak of cassava mosaic
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disease (X=3.67), economic and social problems (X=3.65), promotion/support problems (X=3.62), and

production problems (X=3.50).

Keywords: cassava, collaborative farm, cost and benefit
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Table 1 Basic characteristics, society, economy of farmers (N=30)

ltems Frequency Percentage

1. Gender

- Male 13 43.33

- Female 17 56.67
2. Age (years)

- 31-40 4 13.33

- 41-50 8 26.67

- 51-60 12 40.00

- More than 60 6 20.00
3. Education level

- Non-education 1 3.33

- Primary school 20 66.67

- Junior high school 4 13.33

- Senior high school 5 16.67
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Table 1 (Continued)

ltems Frequency Percentage

4. Social position

- Assistant village headman 3 10.00

- Agricultural volunteer 1 3.33

- No position 25 83.33

- Others 1 3.33
5. Irrigable area

- Rainfed area 30 100.00
6. Land tenure

- Rental 16 53.33

- Owner 14 46.67
7. Number of family workers

- Less than 2 6 20.00

-2-3 20 66.67

-4-5 4 13.33
8. Experience for cassava production (years)

- Less than 5 1 3.33

- 5-10 3 10.00

- 11-20 8 26.67

- 21-30 6 20.00

- 31-40 5 16.67

- More than 40 7 23.33
9. Liability

- Not have 10 33.33

- Have 20 66.67
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Table 1 (Continued)

ltems Frequency Percentage
10. Finances
- Owner 14 35.00
- Village fund 8 20.00
- Agricultural cooperative 1 2.50
- BAAC 14 35.00
- Bank 3 7.50
- Saving for production group 14 35.00
*Multiple-selection questions
11. Cassava variety used
- Kasetsart 50 (KU50) 27 90.00
- Kasetsart 72 (KU72) 3 10.00
12. Source of cassava seedling
- Own stock 29 80.60
- Buy from neighborhood 5 13.90
- Others 2 5.60

*Multiple-selection questions
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Table 2 Cost-benefit of cassava production by the large-scale collaborative farming project

in Doem Bang Nang Buat district, Suphanburi province in 2022

ltem Value in cash ~ Value non-cash Percentage
(Baht) (Baht)
1. Fixed costs
1.1 Land rent 556.07 8.67
1.2 Opportunity cost for capital 10.05 0.16
1.3 Depreciation of equipment 238.15 3.71
Total fixed costs 556.07 248.20 12.54
2. Variable costs
2.1 Cassava cuttings cost 241.16 3.76
2.2 Cost of applying chemical fertilizers 60.00 0.93
2.3 Cost of spraying herbicides 192.00 2.99
2.4 Cost of spraying pesticides 200.05 312
2.5 Wages for plowing 600.00 9.35
2.6 Tillage fee and planting 700.00 10.91
2.7 Harvest wage 575.00 8.96
2.8 Organic fertilizer cost 31.24 0.49
2.9 Commercial fertilizer cost 2,456.03 38.28
2.10 Plant hormones 28.00 0.43
2.11 Chemical pesticides 176.30 2.75
2.12 Fuel 352.00 5.49
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Table 2 (Continued)

ltem Value in cash Value non-cash Percentage
(Baht) (Baht)

Total variable costs 5,611.78 87.46
Total cost 6,416.05

Total cash cost 5,474.64

Total revenue 9,230.23

Net profit 2,814.18

Profit above cash cost 3,755.59

Return on Investment (ROI) 43.86

Net Profit Margin (NPM) 30.49

Lﬁaﬁmmnmamﬁmmmsﬂqaﬁuﬁﬁwé’a Andunananade 3,213.87 Alansurels Lnwnsns
YDUNEATNIIATINITTEUUALESNASINEATLUULUAS H518laann1simuienanan 7,984,150.00 U
vy S1neinuINLNIY Svinanssays (Table  Amdusigldiade 9,230.23 uwisels vie 2.87 um
3) ludnsuan 2565 SN uinantanun 865.00 13 ponlansu

anunsanandudiuzndals 2,780,000.00 Alansy

Table 3 Annual production of cassava by the large-scale collaborative farming project

in Doem Bang Nang Buat district, Suphanburi province in 2022

Annual product Amount
Total production (kilogram) 2,780,000.00
Average production (kilogram/rai) 3,213.87
Average revenue (Baht/rai) 9,230.23
Average revenue (Baht/kilogram) 2.87
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Table 4 Level of cassava plantation problems by farmers in the large-scale collaborative farming

project in Doem Bang Nang Buat district, Suphanburi province in 2022 (N=30)

Problem X SD Level

Economic and social aspect 3.65 0.81 High

Production aspect 3.50 1.03 High

Cassava mosaic virus outbreaks aspect 3.67 0.90 High
Knowledge aspects 3.18 0.99 Moderate

Promotion/Support aspect 3.62 0.74 High

Total 3.52 0.89 High

Scores: 5-4.21 = Highest, 4.20-3.41 = High, 3.40-2.61 = Moderate, 2.60-1.81 = Low, and 1.80-1.00 = Lower
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This research aimed to study a model for growing dry season crops to maximize economic
benefits. A case study of the Lam Pao Operation and Maintenance Project, Kalasin Province. The
research methods were divided into 2 steps: Step 1: Study the environmental structure that influences
agricultural decision-making during the dry season. The methods were as follows: 1.1) Select
environmental structures that affect agricultural decision-making during the dry season and 1.2) Interview
stakeholders by dividing purposive sampling into 2 groups. Group 1: executive level stakeholders (Head of
department) total of 6 people. Group 2: officials in government agencies and farmer groups who have
a vested interest, totaling 32 people. The structured interview used open-ended and closed-ended
questionnaires that were analyzed for objective consistency (I0C) 0.8. Aferthat Step 2: Create a dry
season agricultural decision model used the methods of regression calculations are as follows: 2.1)
Determine the water quantity and cost conditions of the Lam Pao Dam reservoir and 2.2) Analyze the
agricultural decision-making model during the dry season using Multiple linear regression. The steps of
creating a dry season agricultural decision model were as follows:; (1) Determine the amount of water
cost at the beginning of the dry season is the initial variable and other factors as the dependent variable
and (2) reduce the form of the dependent variable and confirm the assumptions obtained to be a
constant value (3) Dry season agricultural model for maximum economic benefit. The research results
found that 1) Environmental structures that influence decision-making during the project's dry season
agriculture consisted of 8structures: (1) the amount of water costs at the beginning of the dry season,

(2) the distance from the planting plot to the irrigation canal. (access to irrigation water) (3) agricultural
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calendar of the project (Cropping pattern) (4) soil fertility (5) income or production insurance policy or
other projects that have the same characteristics (6) policy to support production factors, (7) policy to
support agricultural credit, and (8) measures to pay compensation for damages from natural disasters.
2) Dry season agriculture model for maximum economic benefit was if at the beginning of the dry season
the amount of water in the reservoir is lower than 770.00 million cubic meters. The agricultural area
have consisted of 1,499 rai of fish ponds, 2,734 rai of shrimp ponds, 591 rai of seed crops, 1,379 rai of
field crops and vegetables, and 60,697 rai of off-season rice, generating an economic return of 1,204.28

million Baht/season. The R? value showed the relationship to the amount of water. The costs at the

beginning of the season were already equal and the net income was 0.9989

Keywords: dry season agriculture, agriculture model, highest economic returns
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Table 1 Variables for multiple linear regression analysis

Variables Variable description Results of multiple linear regression analysis

X, Amount of water cost at the The amount of water cost at the beginning of the dry season has a

beginning of the dry season value between 100<X1<1,890 million cubic meters. Let (X1) be the
primary variable.

X, Efficiency values of the Water delivery system efficiency value = 65%
circulating water delivery
system

X5 Crop coefficient according to Planting according to the planting calendar = 100%
the crop calendar (percentage)

Xq Agricultural income coefficient  Characteristics of agriculture is other types. Agricultural income
(percentage) efficiency = 80%

Xs Crop coefficient according to There is only one type of agriculture which is paddy, where paddy
the crop calendar (percentage) s included in the project every year. Water delivery system
efficiency value = 100%

Xe Policy to support production Analysis results are the same as Xj
factors
X7 Agricultural loan support Policy to support agricultural loans uses criteria similar to X5, taking
policy into account the interest difference between BAAC and commercial
banks. Add this to the additional income per rai.
Xg Coefficient of compensation There is only one type of agriculture, which is paddy rice. Paddy

measures in the case of
damage from natural disasters

(percent)

rice has measured every year. Coefficient of compensation

measures = 100%

2.3.1 Usanahdunudisiugguds (x)
UFumurdunuludedungquds Ta1senng
100<X1<1,890 dugnuiariuns 1 (X,) iWudauds
Fiu

2.3.2 szygyinsannuuasnzugniianaes
FausEN1Uu (X,) izmmqmmmaqwasﬂqﬂﬁmam
PaUsznu (denaraUssansannnsvalsenu) e
Mufidusuihaineaesduianslnglduszans aw
msvausymu wihiu¥esas 90 uazduthanaassds
thanewes 1HUsvavEnmnsvaUseynu wihiudesas

60 Tagli (X,) WWusuwdsany

2.3.3 Ufiumsihnisinumsvedlasenis
(X5) UMUN15¥INI5InYATU89LATINIT danane
UsgAnBnmaasnisasi arudssteanudeme
nSoude/d i/ uasdngiio semnugnlings
fuuffiufaglinfeutuinunsnsmedurililasui
Liiaenndosiuszornanmaaiyivlnvesnasdu
MU NRTIMUU AT UQNITEINARD
Andss Anudsmsannsrauaauiiviedte
SITUVIAAN 9 Azvililszudanvaseaudeniy
il ududseans fuseldvesnisinens Tagl

(X5) Hufulsana

246



Journal of Agri. Research & Extension 42(1): 239-253

2.3.4 ANUDANANYTNVDIAU (X,) AN
gANaNYIalveIAL 91501910 Agri Map G939
Tnensuiaufiny Tnen1s3nseRanuauii Auwds
Aanumnei olianunsaunluldouldde Tagli
(Xo) tTusudsnny

2.3.5 ulgu1gUsenUIIAINI 89111
Nanan (Xs) Uleunensuseiusulavsonananse
Tasennsdu q Addneazdorduldinusisinves
manwpsiiegluulounevesizuialutis 5 ikiun
Wt lUduduuszans veeseld Tagls (X0 Ju
Fuusnu

2.3.6 ulsvigmsativayuidadenisnan
(Xo) Wlevwaduayuladenisudnldinausimilou X5
i lugauiiuanseldaninietiliuin wu 412
i 1,000 U Taels (X,) Wusaudsan

2.3.7 uiamamaaﬁ’uawuﬁm%mﬁa
SRS (X;) uIstaaﬁ’uaquﬁwﬁ"amimwm
T nasimilou X tidrussnenideves snd. fu
surmsaed luuanduduseldnelsifiaguan
Mgl (X;) WWududsany

2.3.8 WIATNITI1YANVALILNTEL bAS U
AULEYUIYAINNAUETTUVIA (Xg) UMY
ANYALTEAMULEYMEINFEFITULIR 1TUINTAT
fazlaiFomenioasuldindneldivingy thandls
lamuiuselaans Ingle (Xg) Wudiuusanu n1s
e % isnstulaiunn Wesanuasiwessels
wazdadedandonudardafvdnlngsdmaninde
nawdesnsnuliunn eniunsaliinanuidsmeegig
Auids eravdualdmnzauuniy @eluvinis
nadou sasTsluduneunsldnuasefanansaudy

favlinzaulaon

Nan15I8LazIaNTel

Taseadredswandeuiidnadonisindulavinig
INYATOAUAS

1uﬁuﬁ1ﬂ3qmiﬁqﬂéﬂLLazﬁwqﬁﬂmﬁﬂﬂn
Fwianwdus wuiiilassadeiifeadoavindu 8
Tassa$s Usznousae (1) Uunanisunulutaady
gauds (2) szgvinannulaunizugniisaasy
vaUsevy (Mmadfaiwadsenw) (3) UgjAunsi
N5NERsYeLlATINTG (4) ANUEANENYINVDIAY (5)
Weuensuseiunelivienandaviolasensdu 9
Afdnwnizifedtu (6) ulsuieativayuiladenisudn
(7) ulsuwaduayududonininuns (8) u1asnisane
A1YALYEANNLA MBI FB5TTUYIR T eTAa
AOAARDINUNG B HALIIUITEVAINNAY 917U
msfnwnmsiadulauuunaeinusiiiensdnas s
Tuannegnisvininanszuugafuin: nsdidnw
‘Luq'mfmjamauuu U89 Thongplew and Warawut
(2003) Anuimadenlunisdnassinfildasuuy
mnudRygeiian Ae madondidmunliinisuszun
gramnsuldldin 100% UszAnsamnisdei da
ausnefulelainsregrinaainulasnizdgnia
Aaosvalsenu (Mg suvadseniu) (Hu
Tnssadei danalnensafunaNaAn1aNI5IN AT
Thongpan (1984) 7 nan15Anwiwaneliiiuga
\nwnsnsAtdnsnlasansnAnuanius nsudasy
msinwas Sdlsildmnmsdadidasnnninnemsng
Alaidslasans Fenanddifunlouisativayy
Jadunisnanvesninsgdsnananisandulanis
M1z nUeanEAINT T3 foeufian s

Usgnaunsadumsiaiuiszuusausemululsun

247



5ANTIVYLATANASUIVINTINYAT 42(1): 239-253
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Faanmsoldaamulunsadailudsdusing q ves
ssuuldgnilan avdeafiansansia 9 1 ldun 1)
yadnludsihuazuinig 2) ssazmaiidainlugitun
usiazulas 3) miﬂmﬁumsﬁ’mmﬂu@daﬁﬂ 4) A5
T lvannuvasnilasdvdnausaisveslantviun
flam uay 5) fidsunaaiuindansmndesnis lae
dleuil 6 Aueneu wa. 2561 iUszyuAnLNTIINS
pIMsuIrRngad 2/2561 Tnssesunensguuns
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Ao w = v v v .
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W aldUszlosulun1sanainuls 99AuluAI0InNS
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ATt inanmsiadendieliidu (Food Security
Steering Committee throughout the Supply
Chain, 2021)

HAAINUUUFUABAILAZILUUFRUATY

seudi 1 Uaduiidinasonisdndulalunisin
manwnslugguds I3enafinuAndiuintedy
Afnademsdndulaluszfuinnuazasnadesiu fo
Hadeuimanhdunuiifogludoudiun 1asfung
w8 Jaduufiun1svinnisinens seeereanilag
wingUgnianaesvausyniuy (Mavirfaieaussniu)
LarAIgANANTYSH) MUA1AU (Table 2)

soudl 2 Uadeiifinarionisdndulalunisvin
manwnslugguds IiBenafinuAndiuintady
Afnasensandulalussfuinnuazaenndeiu fio
Jaduarugauauysalveiu Jadesserrinemin
wlannzugnisnnearalszniu (nadiden
yausenu) SafouTinmuhdunuiitedludousn
P2afugquds wardadsununisdaivedasinis

dniiagtingssnwaun aueansu (Table 3)

Table 2 Results from the 1st round of questionnaires

Factor Mean Median Mode Std. IQR
Deviation

1. Soil fertility 1.1667 1.5 2 0.9832 1.75

2. Distance from crop fields to irrigation canals (access 1.5 1.5 1,2 0.5477 1.00
to irrigation water)

3. The amount of water available in Lam Pao Dam 2 2 2 0.0000 0.00
early dry season

4. Agricultural calendar 2 2 2 0.0000 0.00

5. Policy to support production factors such as 0.5 0.5 0,1 0.5477 1.00
distributing seeds, fertilizers, pesticides, etc.

6. Product price insurance policy and/or production 0.6667 0.5 0 0.8165 1.00
pledging policy

7. Policy on compensation for damages from natural 0.6667 0.5 0 0.8165 1.00

disasters
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Table 3 Results from the 2nd round of questionnaires

Factor Mean Median Mode Std. IQR
Deviation

1. Soil fertility 1.40 2 2 0.89 1.00

2. Distance from crop fields to irrigation canals (access 1.40 2 2 0.89 1.00
to irrigation water)

3. The amount of water available in Lam Pao Dam 1.67 2 2 0.52 0.75
early dry season

4. Agricultural calendar 1.67 2 2 0.52 0.75

5. Policy to support production factors such as 1.00 1 1 0.00 0.00
distributing seeds, fertilizers, pesticides, etc.

6. Product price insurance policy and/or production 1.00 1 1 0.00 0.00
pledging policy

7. Policy on compensation for damages from natural 1.00 1 1 0.00 0.00

disasters
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Table 4-Table 6

Table 4 Coefficient of compensation measures in the case of damage from natural disasters (percent)

Agricultural area

Ability to increase space

Off-season rice < 300,000 rai
Sweetcorn

Field crops-vegetables
Seed plants

Fish pond

Shrimp pond

round agriculture.

Increased by no more than 2 times (394 rai) of the former area
Increased by no more than 2 times (394 rai) of the former area
Increased by no more than 2 times (197 rai) of the former area
The current fish pond area (1,499 rai) is due to year-round agriculture

The current area of the shrimp pond (2,734 rai) is due to year-
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Table 5 Agricultural area in the case of water, the cost 167-770 million cubic meters

Water in the dam Rice growing area Water used
(million cubic meters) (rai) (million cubic meters)
770 298,351 673
700 267,314 603
600 222,976 503
500 178,637 403
400 134,299 303
300 89,961 203
200 45,622 103
167 30,991 70

Table 6 agricultural area in the case of water cost of 167 million cubic meters

Max. Min. Net Wt. Net In the case  Water use
area area requirement income+ of growing accumulate
plants

Unit rai rai cm/rai Baht/rai Mcm Mcm
Fish pond 1,499 1,499 5,838 2.29 8.752 8.752
Shrimp pond 2,734 2,734 6,420 3.95 17.552 26.304
Melon Seed 197 0 1,591 11.76 0.313 26.618
Tobacco 394 0 1,412 10.83 0.556 27.174
Tomato Seed 197 0 1,886 7.37 0.372 27.546
Watermelon seed 197 0 1,591 4.18 0.313 27.859
Sweet corn 394 0 1,157 3.57 0.456 28.315
Aparagus 197 0 3,378 3.41 0.666 28.98
Grass 394 0 2,852 1.81 1.124 30.104
Rice 60,697 0 2,255 1.79 136.896 167
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(Figure 3)
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Figure 3 Graph of the relationship between the amount of water costs at the beginning of the dry

season and agricultural areas in the form of a linear equation, and graph of the relationship

of the amount of water costs at the beginning of the dry season with net income in the form

of a linear equation
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