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Abstract

Tomato is an important economic vegetable crop. In the breeding process to develop new varieties and
in the production of hybrid tomato seeds, high-quality pollen must be used. It is essential for the pollen
to undergo an initial quality assessment prior to pollination. This study investigated a suitable dye for rapid
assessment of tomato pollen viability, evaluated pollen germination by determining the optimal sucrose
concentration to induce germination, and examined appropriate storage temperatures to extend pollen

longevity. The experiment was conducted using a Completely Randomized Design (CRD) with four
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treatments and five replications. The results showed that 1% Acetocarmine was the most effective dye for
distinguishing between viable and non-viable tomato pollen, with clear staining achieved in just 10 minutes.
The optimal sucrose solution for inducing pollen germination was found to be 20%, resulting in the highest
germination rate of 67.50%. Pollen stored at —20°C remained viable for up to 30 days, retaining 100%
viability and a germination rate of 22.5%. When this stored pollen was used for pollination, the resulting
fruit set was 42.27%, with an average fresh fruit weight of 26.50 grams per fruit and an average seed weight
of 0.09 g/fruit. The seeds had a high germination rate of 99%. Therefore, the developed pollen preservation

method can be effectively applied to tomato breeding programs and hybrid seed production in the future.

Keywords: Tomato, Pollen storage, Hybrid seed
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nsnTRdeUANITInmeNsdonduar ansermsiivnganlunisenvesazeasnasisilomeanug an.19 uay
Wnsiiusnvuiiednengvesazosanas

va9 aunsal wazisnis

1. mawBeuiivitldlunimaass

wisnuzdowmaiug an 19 iendnazeaanas lnsvhmstgnusidemelunszansuuin 12  Guansns
wngnduazineugnidlafundiony 2 dUnv udmmiuguainuliith lalsedisasinane vdsnfimiueonen
duifiunengu denaenflazuniluiudaluivlilugsuden uazifvazesanasluneuli

2. Any3snsasIvdauAULiTINYRazRRNasinensdaud

TNUNUNMIVIAaRIRUUNANYTal (Completely Randomized Design; CRD) Usenausig 4 n3sais 5 1 I

n35357 1 denazonanassnousuilauug (Aniine blue) 2 Wafldus

353339 2 Sonavenunasiieesdlnaiiu (Acetocarmine) 1 wWadidus

ﬂiiﬁ%‘ﬁ 3 §oUALeRWNATAILLOUNT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide)

0.5 Wasidun

n35uisd 4 fonarepunasiiensawadu (Acid fuchsin) 1 wWesidud

Tnevd vazeaunasveuzdameiauuskunszandlad wdineadieaisavaredniunssuisnaasy
F1uau 2 vien DadaenszanUaaladiusunssanaladlunsuauuiafifinszawisy oniduweUssata
wdrlarauuia washlufuludifafgumvgd 25 ssasaidea WWuna 1 92lus udazdnivazesainas
amun 200 azepanas ieasufuunthuiasatuenuifiavesazesunasiaelindesqanssml fdsene
10 Wh azesunasiiiitinizind diuazesunasiilifiiineglifad

3. ANW1I5N15AIFUANNNNTINVDIALDBINETAUNISNAFBUNTIBN

nageuAItenlnellsaresnasatlualadvquuag nenansarateunaglasanseAuaauty 0, 5, 10,
15 way 20 WwWasidus nvluaisazarsiinadziiosdusenauueinsanuasn 0.01 N3y waatdeulumse 0.03 NSy
wuni@eudamn 0.02 NSy Inwnadeulumsn 0.01 Sy (Brewbaker & Kwack, 1963) a1nutiluansluiiiia
P a ~ , & \ ¥ o & A aa
Mgaunqil 25 asmngaidea Wulan 6 TIlue usazg1duazeaunasavin 200 axeadnas lngaroaunasniain
EIAINNYNVBMABARLDBANATUINNIUAUNUAUINANVDIRLOBUNAT ANUINUAIINIBNYBIALDOUNATIINANNNT
AU9EN (Wasidus) = (31UIUALERNNATIBN X 100)/3NUIUALDDLNATNINUA

4. fnwdEmanuinenazessnasuzilioma

wisupdemaiiondnazeounasledidunsluriafoungainieu - unsiax Tasugnluaamizudadhng
Ugnifesundneny 2 é’ﬂmﬁwﬁamﬂﬁuaLLa%’ﬂ‘wﬂﬁﬁw Tdlgonsainane ndsniivisueenasn guiiunengy
dennonitazuulutudaluifulilugedudon vinaifuay seanaslunsudiuaziiluussgadunasn Plastic
cryopreservation vial wua 1.8 fadans iluifiuinwiiigumgdl 4 esrmisaifoa gamail -20 ssrwaidea uas
gauuiivies vn1sduiiegaazesanasnn 10 Ju WnTIEeUANNTTIRAIENIAGRUANNNTInAIENTTaNd
UATVNAABUNITIBNIUATY 30 U Im8dauﬂﬁmmaauﬁwéf’saEJ'NazaaﬂLﬂaimUﬂuﬁmﬁﬂmmuqmugﬁﬁqmuqﬁ
30 eerwadea Wuaan 30 wil
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5. Mg IHANINFsuzTamAd I RiuinunazaanasiandnAnNug

yhmsidenneniindonazuay uasidmnasiiiiegmelunendfiseentoulnglivinfvsuadndanasdg
panliuuait odestunisiianisuud euvesazossinas il evinisneunenudavinarnuazenuandy
Tnglduoanesed 70 wWosidud shamuazaraynadineuiisndminondely iletesiunsludourosareounas
wWuiy thazesunasiivinuiigumgdl -20 esmwaida Wuszezinan 30 Tu wuszasuulanseanasinied
wisdlHlutinafiinnwe visniulenentinubu udminnssauinaniouiesud Wouthessymeanden
1gun Suweay Jouan uazdu 9 A5udu QLL@%JﬂH'ISLﬁ"LZg’l ldde MiAndviivnasnnisuan MasRINULlamegNLAS
Wuivhnsifumsiiona uazfuaisinuuasSumdasoninnas dludulvarernaniuiiadeuils
W ULEAlUATIIADUAMATNATUAIINGEN ATHLDIUTS

6. NSATIVFBUAMUIBNUUULNIZINAAUUN LAY (Top of paper)

wignTannnzlagdnnszawmnizruinning 4 7 x oM 4 §2 $1ury 6 wiy fruursanmsimzaanug
100 wén thnszauinsoulilandamanainvundnuasiminauldnass 12 fiadans Halsldnszawdusage
vuszana 15 widl TdUnAuwdaiuganuunssae lnenstesas 1 wan 31U 100 09 Yivimun 4 g1 910ty
?JmhiﬁaﬁwLﬁaﬂaaﬁuﬂﬁamlﬁam’m%u ﬂﬂmwwﬂuﬁm“ﬁammﬁaé’u 20 waw 30 aurwallya lnggaumail 20
psrwaded Wuna 16 mIm wazgumail 30 mmwawaa Junan 8 talus Weasuinue Whdegseanain
woumzifioUsuiliuanusenafausnit 5 Suuas ﬂina@mw 147U %89n15Wng Y1nsUsEluUe IR ug ouUnf
fugouRinUnf wanuds winanliten waswdanie ideyaunAuinilesidudiaiusen (ISTA, 2023)

7. MdpTeidayanieaia
U1deyaunIiATg1iaNulsUTIU (Analysis of variance) wagnagdauANULANA9YBIALRA IAgs Duncan’s
Multiple Range Test (DMRT) #isgfiundnandeiiu 95 wesidud melusunsudiiagy SPSS Statistics 26

NAN157398 wazn158AUsIgNa
1. N35A52980UAMNLTINVDazEBINES lneN15dauE

MnNsaTEeUnNiTIinvesazesunasuydoma azesanasiidinasdonfndunimiovuy Wlodousie
ox@lamily nsayadu avoounasindinaedoufndiniuduilefondeueuiiiuug uasiduiif aveounasiilil
Finaglinunsind (Figure 1) Afouilmnzansienimaasuauidinazoounasuzifeima wus an. 19 leun
Acetocarmine 1 Wosifust Tnelvrnnuiiiingagn 93.25 wWesidud Weldszeznailumsdon 10 uidi udnslea
Fouduiiv iArufiddn 91 Woesidud wildiianlunisdon 30 uril druddounsanadu 1 wWesidud uay
weuilduug 1 Wesidud annsadenfinavesunaslinuiendu lngliAinnuddinliunnaiuegedidedfey
fiAminiy 89.12 way 88.50 Wasidus fiszezain1son 10wl auardu (Table 1) Wasannisdondazens
inasiiegmudTinduisnsiheuarings uiegslsinAsnsdendersaslivanzauiufivnnuin Ssnsld
Bnsdeudifiogaruunndsesaresunasininueylditinduiueg fuvaetade Wy anududuresdden
AUUITe NI eaunas wasAervesEsazareond mstondlusiananadunardvesazesunasfinitinain
ﬁ‘lmuﬂuﬁLLquﬁiTusfuaq'fTumﬁmaxaaaLﬂai ANMUTUTUVDIAT DU wazA1 pH vasddeau (Impe et al,, 2020)
AN UTUVDIET U UNEA 19U & Aniline blue mﬂi%mmL“i’iwﬁqusﬁﬂﬁwﬁafaaaazamLﬂaiﬁiaaLﬁauﬁwiﬁ
LENAULANANISENINAzee i TInuar LiTRnlsenuaziornududuanas TWslanaraduasfnddonanaiuly
uaﬂmﬂﬁﬁawudwmmLLmﬂﬁiﬂﬂﬁ?u%uaaviﬁuﬁ’lﬂLa“v‘umdaumammﬁﬁau wuluddion Acetocarmine fidosazatadg
nsAesdAn drunauvesadeniifitevviniu 3.2 Fefidrfovtiaviiuonddovemdanaswindu Woandiie
Yaunde 2.8-2.4 Iﬂﬂmwmaﬁ'ﬁmaaazammaiﬁ'ﬁmﬁww%gﬂﬁamé’wﬁum Fsaunsananiulaniy
nliazeanas lunsdvetazeaunasAiuymuinTofuuiund e @008 198111508519ALLANGA ST A LE
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Tnensanenfitevasdndu 2.3 lnenisidunsnezdinluslanataduasgndeunavindunadudu nsdudatunsaun
MlniTareunasdudlifueg195Ias) 3narsazateiduresnarNiiiuea Loanoded NAWeI9a HAYAADIDA
lawase Ulazuwaanagedavseeaanlilnufisdiulsznouilusswely n1s@ac1Ua3 99199z luiArnudndu

wing19lsAnuavvzdesdinistaiatasiulilfianasenelialas

Figure 1 Staining of tomato pollen by different dyes stained with 1% Acetocarmine (a), 2% Aniline blue,

0.5% MTT (c), and 1% Acid fuchsin (d) under a microscope at 10x magnification.

Table 1 Percentage of pollen germination of tomato variety SK19 by staining with different dyes and

incubation time

Incubation Time Percentage of pollen germination !
(Min) /dyes 2% Aniline blue 1% Acetocarmine 0.5% MTT 1% Acid fuchsin
10 88.50+1.22 93.25+1.19a 59.12+3.04a 89.12+2.78
20 90.87+1.18 87.25+1.32¢ 70.37+2.17b 90.12+1.93
30 87.87+3.97 76.37+3.79b 91.00+0.82d 90.00+2.55
a5 90.62+0.85 72.38+1.70a 89.87+1.18d 90.75+2.38
60 90.12+1.70 76.75+2.60b 80.12+3.49¢ 91.75+0.64
F-test ns * * ns

CV (%) 16.09 10.15 2.49 237
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"In the same column, means followed by different letters are significantly different at the 95% confidence
level by DMRT
* = significant at the 0.05 probability levels

ns = not significantly

2. F/N13M91990UANULTINVDIALDUNATAIYNITVAHIUNIIDN

Mnmsfnwinissenvesazessinasuzidewma lnsldasazareihaiaglasanududu o, 5, 10, 15 waz
20 Wesidudt nud1 aresunasannnsenluasaranthmaglasannanududu Weddudnssenasfindunu
anududurenimaiiiuiu Insazesunasuziemainisengigaviniu 67.50 Wesidus Ahmaglasadudu
20 Wesidus vuzfigamuauiilifininfniniaglasa wuih avesunaslsisen (Table 2) Fauandliifuinina
finarenssenvesazesunaniduetneta fetdnenuiglasainanenisentesareonnas 2 Ussmsldun euau
wssuooaluAnuazfuundmdany glasaduhmaiianusandeudhelusaiadeihidunmesinas wu nen
uazgniueenmanasiudsuasdesalamffodueuiuliasesunasuastisduasunmsaiaivinvesisazoed
inas flesanAanssuvesieules] Cell wall invertase Wuimuaumssenuazn1singnvedazosanasiagriums
govglasaiiiuuvamdsnuliivad Feaenndosiusienuues Karapanos et al. (2006) wuin ansfianunsadni
nssenvesazessnasusdomAldlAu dinaglasa 10 Wosdud (wA) PEG-6000 15.1 wWasifus (w/v) uazdu
1.5 Wosidud (wA) Aifinsdumediu 5 Sednsudedns wavludwiu 5 Sedndudedns Madwniinadaniu
dudugadulvagiliagesanasiisnmarmendudessndenuduesdlufin viiliiAaussduiing udmali
azepunasuanuiodaidennuliiannsnsonls ogslsfinn Brewbaker & Kwack (1963) ldsgauinanududu
vosansazaefliunzanluomsduangiiidssaresanasiuenafiauunn dnatumuvdefvuazaiswug
aruuanaslusiinaindudnanlsdfiazaretlduasUsinunsnosiluvesavesanas dedwmanodnuznis
dupseilusiukazesdluin (Vasil, 1987) uaﬂmﬂf‘:ﬁqﬁﬂima%L‘flumiﬁ’wﬁ’ﬁyﬁiamiaaﬂﬂuawaamazaaqLﬂfﬁ
(Pollen tube) msznsaveiailusouduamsuszneuiidiiudensainsasmadudadussdusznovvomiazess
inasuazideriuvaonaveunes

Table 2 Effect of sucrose concentration on pollen germination in tomato variety SK19

Sucrose concentration (%) Pollen germination (%)"
0 (Control) 0.25+0.50a
5 1.75+0.80a
10 16.00+£2.72ab
15 22.88+6.41b
20 67.50+23.00c
F-test *
CV (%) 123.1

'In the same column, means followed by different letters are significantly different at the 95% confidence
level by DMRT
* = significant at the 0.05 probability levels

ns = not significantly

3. 5n1sAuSnYIazeRINETULLYDINA
nnsAinwinisiiuinwasesunasiioamald 4 waz -20 esrwadua Nszewiaan 30 Tu WU axepunas

U

§apsfifin 100 Wesidud lurasiinisiiuinwngamgivesnuiidinvesayosnasanadegesiniuvioiie

U

35 Wesidud 1 10 Tuveanisiiusnw udlllenadeuainuennuImnIsivsnuigunnd -20 esrneaidea
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azopunasinMIENgsgaTsEazIan 10 Ju lngagesunasianusenindy 75 1Wedldud uazanasnuddiu
defuflszernanutu wesdlowioudsunfvinnilgamgd 4 ssmisaidoa wui avesunasdsnddin
100 Waediud fiszezinaniaiiu 30 Tu usazesunasndulisen (Table 3) Gausfiazesunasawiidin enaduly
i hazesunasimaiussnsdsefuvesosuszneumauniinelusaiugunnweiinsanunsoylifnddon (Beyhan
& Serdar, 2008) uiiflianunsasensenunls enallesinanmuindeniiiivinumieumgi ¢ esrwadoalsl
wingay ardudiivsluiifuguivlunssuumnduaiinglugaddedimammuedfuinaosnsmanela
wazfiniaaiyvesadunisiuourniuoules Pectate lyase-lke (PLL) fiiinataslunszuiunssenvesazess
nasgaysdefianssu (Song et al, 2002) usisgnslsinuanuanisnagey wuit Anusenlifanudenndasiuainy
I¥invesazesunasuzomafiiuinwinunssuisnaaes 0199ziAnlosninnszuiunsienvedazeeunasiinim
Fudounariifafefifstounning fneruihmsenvesaresunasianadutsnanfiivinuduiedestu
Aanssueulesianas sazanituiinfusadusiaraswnasUasunuas LaEIVIUNITUATUDAT YA
Aendesiunissenvesazesunaniuisuuladly dusumgiuazanutufidutadoddnyiidemanssnuseniusen
vosavepunasiy Inenuiazesunasuziommziianusengeaniionmgi 15 ssmiwaifua (Karapanos et al,
2006) usiazesunasazdnemldamnionmglisewing 22-25 esmueaidoa gumniiginin 25 ssriwaidua Vil
ATIETIMERLERLNATANAIALSNTINNTLANTBIADDUNATHRILTY 9118 TUYas Buitink and Leprince (2004)
wui1 mafuinwvesazesnnasnieldaneiiuimvieanuiuidanuisadestunainaniugadoudi
(Glassy state) (Auvilagauazimiuaunanmisszninweadweunar) lulslanardy anuniegeneluwad
9w Lfﬂumiammim?{auﬁmaﬂmaﬂaLLaWZJ’ﬂmNmiLLwimvmsmwsﬂui%lmwm%m ﬁﬁﬁﬂﬁmﬂﬁamamwmmaUEJEN
inasszriemafvinminas uenandmaifuinuiiuiuty muaammwmaaavaaqmasmaslwﬁaaa] sufinty
desanmahauvenoulesianas wu toulusflelplasuoending innisazaneyyadassifiulu uasmaiin
MleameIiindunaziveseendinduresdfiodoriuivad ﬁﬂNaSL’Vi?I’J‘u‘U‘iuﬂEJU‘ZJENL“ZJ@@?’JIM@MWH‘UHL@JE)&Jﬂ’l‘i@‘mﬂ
nduilulminisiilnavesveavan (Taylor & Hepler, 1997) Anandsmeveaderiuazesanasiinanauull
Aeadestumsideundadasadrevestusiu (Wolkers & Hoekstra, 1995) uanani Jeymilddaydnusensnil
vosavapunasivens Aednuwasanaliaiiauevesaresunas avsesnmaifununuazesunasainaen
Wa1e 9 AoN waraInvany o suisailunanidedfiu avwldasiianedinainafnnuulsusiudeausentes
avepunaniuogiamnn mumuuuresazesunasluewndssifnaronmenuazmaiivlnvesazoonnas
(Vasil, 1987) fatiuiaonaaiinmanamnasidinansfuneuimimnsdes uagliavosunasinisnsyaiesslue s
\deseehsainane lunsaifiddyuesnisisyuemasnazosunasiuomstdimadussiussnoundn Aavien
nasgluszesina 1-12 $alus uazaziuuadiSouazforuudeuudannsapueuiirzadduemsitetdostu
nstudeuldnudnaiviemenuazinasazdeddimadnannsuuiion wu shanuazeoieiiuinvemenyide
nagarmuduluanisUaeaite sy

Table 3 Viability and germination of pollen in tomato variety SK19 at various storage temperature

Viability (%) Germination (%)
Temperature storage 0 10 20 30 0 10 20 30
day day day day day day day day
4°c 100 100a 100a 100a 87.5 0a 0a 0a
-20°C 100 100a 100a 100a 87.5 75b 45b 22.5b
Ambient 100 35b Ob Ob 87.5 0a 0a 0a
F-test ns * * * ns * * *

" In the same column, means followed by different letters are significantly different at the 95%
confidence level by DMRT
* = significant at the 0.05 probability levels

ns = not significantly
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4. MavedauMsHaNINasuzdamand I aiuinunazaanasiandnaniug

91NNISUTBUTIBUNINANAZ DD WNATIZNINNITHANFLDILAFTTUYF (Self-pollination) wazn1snaunlsile
Nnavesunasiivsnwifigumgdl -20 esrieaidoa WWunan 30 Fu fed5 T-test wuih uzidemeinaiiauysallsl
wansnaif (Figure 2) ethunmuamsiaraanduauneniildsunsnay wuin mswaunasia 2 Falhvesidus
nsAnnauanasiunvaiiegelidedAty Inensuaudiieddagsssuwd (Self-pollination) lvin1sAnnageniinis
naudlefievinaresnasiiviuinw TnefinisAnnaindu 98.40 Wedidud wag 42.27 Wosidud mudiu
Wuiertuindnnaanadswanssfunsainegeivedidy Tnedsnaudaiosinesssud (Self-pollination)
Thiminnaanadesniinsaudisiionnazesunasiivinm lneliiminnaanaderiniu 17.50 nfusena
WAz 26.50 niusiena muddy neiilosnvunaraieuuanssilnenausdomaildannisuaudas foan
avepunasiiusnuniivuanadilvgniy sauﬁaﬁmﬁﬂL@JﬁmLaf?i'amem'wﬁumaaﬁﬁa*&mﬁﬁaﬁﬁm WAZAIILIDNUDY
wénlduanesiunsadflnewdnianusensening 95-98 Wesidus (Table 4) luninhazesunasfiivinuily
wandnsfanatesniinisuandaies iesnitadedifeiomarstade 1wy puty gumgl wasuazssdu
Tulesieu fssnuitanuduasiinaneniswaunasiaonse Insanududuinsussuna 70 wWesidus 1z
UssAndamgegalumananinas Tnsannefinnuiuiigearesunasiiuuliufiazasegnieluduisny Tuvasily
Amd uiishninagosunasonaliinedadui udunasdade Taeanududl imunzauazegludisszndng
50-90 LU 5 LGus u@ﬂﬁ]’lﬂ‘lﬁlﬁl\‘lﬁﬂﬁlﬁﬁL%"EJ\‘IIﬁiQﬁ‘%/'N‘UEN@EJﬂIﬂEJGT”ILWT‘LJ'\‘]Lﬂﬁiﬁ?ﬂiﬂﬂ@ﬁ]%@%ﬂ’lﬂiuiﬂu (Cone)
younasig uiddusenuniulauvesnasiag nmsianadzanas

é’qﬁ?umﬂwamiwmammnﬁu%’nmazamma'ﬁﬁqmmﬁ -20 pepnaed Jadianumnsausianisinavesdly
THlumsndnudniusgnrauuas msusulssiugiiteiauniuglildsolugnge

Figure 2 Characteristics of tomato variety SK 19 after self-pollination (a) and hand pollination from pollen
stored at -20 °C for 30 days (b).
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Table 4 Fruit set percentage and seed quality of tomato variety SK 19 after self-pollination and hand
pollination after pollen stored at -20 °C for 30 days.

o Fruit set Fresh fruit weight Seed weight Seed
Pollination )
(%) (gram/fruit) (gram/fruit) germination (%)
Self-pollination 98.40 £ 0.89 17.50 £ 1.58 0.076 £ 0.008 95+ 0.83
Hand pollination after
pollen stored at -20 °C 42.27 £ 0.66 26.50 & 1.22 0.091 £ 0.004 99 + 1.00
for 30 days

unagy

AfoufiunzausenismadeunuiiTiafiuenauuansisseninsareoiiitinuas L1iiTin azeeunasazens
wnasuzidowme laun Acetocarmine 1 1Wesi§us aunsadeufinazennnaslaffissasnainisdouiiios 10 wnd
dmdugnsasazanetmailmangaudenisdninnisenazesanasusieme 1dun dhaaglasarududy
20 Wesidud uesn 0.01 N3y weraweulwnse 0.03 NSy wunil@eudawn 0.02 n¥u way Wnunadeulungg
0.01 Ay msLﬁU%’ﬂmasaaqLﬂaimf‘uamﬂﬁqmmﬁ -20 aerwaldea ansnsaiusnuilauiy 30 Yu lnuazess
inasseaunsailunauuazdnsdananzidomanazudaus usidomanug an.19 Aldianusenasgn
99 Wasigus
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winnssu (anad.) Mlvmuatduayunsvinideluasel
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Tusng (Alternanthera reineckii ‘rosanervig’) Tuan1izuaaniae
The effect of BA (6-benzyladenine) and coconut water on the growth of

variegated red duckweed (Alternanthera reineckii ‘rosanervig’) in vitro
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UNANEDd

msfnvwaveslalaladuiifidonisasydvlnvesdudnidaunslusng (Altemanthera reineckii ‘rosanervig’)
Tnensthaudiuusinmm LLaséwﬁummwLﬁyw,ﬁaLﬁ@W@Wﬁé’ﬂLﬂﬁzﬁ@m MS Aiinansaununsi@ule BA
(6-benzyladenine) Auududu 0, 1, 2 way 4 me/L uaztnuewd1a 0, 10 uag 15% suavun 12 YANITNAADY
Tnomuauguugiif 25:2°C uarlvinranduuas 3,000 lux 8 Falue/du una 28 fu wud nmafaiuzng
10% $9uAU BA 1, 2 ey 4 mg/L dawa’tﬁﬁua'auﬁﬂuﬁﬁﬂmuiuLﬂﬁéLﬁ‘wfulaiLmﬂ@hqﬁ’uasmﬁﬂ’aﬁwﬁ’agmmﬁa
(p>0.05) Taefia1aa 999951 Ul U U 23.3349.79, 22.8349.91 Way 27.83+2.48 lu/du a1uddu
dmsunmaiintiueninn 0-15% uag BA 0-4 me/L nudn anuenaly wazenugadulsifanuuandnatuegied
Jed1Aynieaia (p>0.05) AMaLELENnd1a 10% awnsadniiliiansiuausn LLazmmmaiwnumﬁqm
A 10.33+4.03 590 war 1.13+0.32 cm audu dauemisiiuiagndnn 10% sy BA 4 me/L vinlhiede
fid1uugenunniign 8.00+2.61 sea/fu uidoinsandnuurdugiuine) wui Sruugeniiinduinuasdu
unada duseuunszuniuy uardnnieslifanetuons luvasiinisfuiueninn 100 eyl
goufinnuisuss Tufdunsan uazijulsiuisnseu dafunamzdsadodeduindauadduiafivmnzaudenis
dveanTemsliimening 10% Wumsmuguniafvlaluewnsduesesigns MS

Addey: Mmaedeaiieds lalaladu dwenin dudndaunduss
Abstract

This study investigated the effects of cytokinin on the growth of red duckweed Alternanthera reineckii
‘rosanervig’ using tissue culture techniques. Explants from the bud and stem sections were cultured on MS
(Murashige and Skoog) medium supplemented with the growth regulator BA (6-benzyladenine) at

concentrations of 0, 1, 2, and 4 mg/L, combined with coconut water at 0%, 10%, and 15%, resulting in 12
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experimental conditions. Tissue cultures were maintained in a controlled environment at a temperature of
25+2°C with a light intensity of 3,000 lux for 8 hours per day over 28 days. The results revealed that the
addition of 10% coconut water combined with BA at 1, 2, and 4 mg/L did not significantly increase
the average number of leaves per plant (p>0.05) (23.33+9.79, 22.83+9.91, and 27.83+2.48 leaves per plant,
respectively). Furthermore, the addition of coconut water at 0-15% and BA at 0-4 mg/L had no significant
effect on leaf length or plant height (p>0.05). Coconut water at 10% alone induced the highest number of
roots (10.33+4.03 roots) and root length (1.13+£0.32 cm). The medium supplemented with 10% coconut
water and 4 mg/L BA resulted in the highest number of shoots (8.00+2.61 shoots per plant). However,
morphological evaluation revealed that these shoots appeared as callus-like structures, with stunted growth
and poorly developed roots that did not adhere well to the medium. In contrast, plants grown on medium
supplemented with 10% coconut water alone exhibited robust roots, bright red leaves, and smooth, non-
brittle foliage. Therefore, the optimal tissue culture condition for propagating A. reineckii ‘rosanervig’ under

aseptic conditions for export purposes is the use of 10% coconut water as a growth regulator in MS medium.

Keywords: Tissue culture, Cytokinin, Coconut water, Alternanthera reineckii
UNUI

wssadliiluana Attemanthera i unssalsiifisdsldfuanudisnegaunsvaneluvialanidosnannse
ilussduanus sludUaismaid nuazaualvgldeg naanamuuasdusssund wesalsluanad fusina
uazyarNsdoaNgs 20 Susuusnvesyianssaldhinfivhnsdseendaus we. 2557-2561 anmeTvTiadoyaues
AsuUsEUSUT WA, 2560-2561 WU ﬁﬂmfma;u Alternanthera fiyafi1n1sdseenagluyae 577,610-1,144,359 U
(Rodloy, 2020) e?faai'auimgﬁﬂﬁmiﬁ’]L‘ﬁwmﬂﬁm"dizwmLLﬁaﬂﬁuwmawaﬁuﬁ:Lﬁaﬁwwma Tne3adnduazdnina g
vgeugldde Wulada maligeann wiivnunmsdsesngs dudndaviedudndauadudmie ii
“Is9wueia”(Altemanthera reineckii “rosanervig”) Fuianiluaed Amaranthaceae IuﬁﬁﬂmmﬁmmamwgaumaﬁN
vuly Sriunsmiedeoslumuiu fadunssuliihussamignussdunansduasvded dosmsuasnn ufasdulald
otenmnmvnetusuuuUndudfdslifismerearudesnsuenanidosinsidunands e
8nae (Rodloy, 2020)

mawnzisaiedoindunmmeneiusfieidvsavsnmenisvilsiamnsondn uaniusudusouaenide

a da 5

Afenuudausslilutiinannldnandnifiruaiausuasndnlsnnggnia ansmuaunisdulei desltluns
wnzdsaiiode Ao sendu (Auxin) uarlelaladiu (Cytokinin) Inglalaladuiintifiisansudawadeaelunssuaunis
WasuanmeawaddniiliiAnsen Pemsveneivessad uasdminsduesgiseaing deuvseenldiiu 2 ngu
Ao lalaladuainnisdaasizi laun Kinetin (6-Furfurylaminopurine), BAP (6-benzylaminopurine) wazlale
Tpfluansssund Maud Zeatin, 2-p (6-,y-Dimethylallylamino purine) (Phongchawee et al, 2014) waztuzniT
fianslalalafiuviansuddiefu (Transzeatin) § wdulglaladudaulvg inuluduendnd arwsosionsedu
MIUsead tazmaingentuvesiala (Thiangpuk, 2015) Tnefinsthinugndnldasifiuomsmnzidsaidodofia
10-20% i o nLnsLAadudtole (Neera et al, 2014) e uidedsadunsfnwivila wazaududuves
anslalaladu 1w BA wavihusndnsonsiulnvesduinidaundlusing (A reineckii ‘rosanervie’) lugnmzUaonide
wievilrmusiiauasanuiduduresanseuaunsiulniianzausomsnsegulsisuindauadusdinadulaia
finuanugmingauronsInd g wardeendely
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Y89 aunsal wazdsnis

thdruitnidauadlusna A. reineckii ‘rosanervig’ Uapailofifionguszam 2 iou dnumrduiusiauudous
geUszanas 2 cm Tludseanm 7-10 Tu wagdwausin 7-10 910 dveslulid@adiuatgluanedaiau wdausdaenly
L.LavifmaaﬂiﬁmﬁaﬁnmmLLavé’wﬁumﬂﬁsmm 1 cm ntuhduditnéreasdedurnemamnzdeaiiode
Gl 3 MS (Murashlge & Skoog, 1962) 91 L& UAITAIUA, UNIILA Auln BAATULTUT W 0, 1,28y 4 mg/L
LR u’mumn (EJ‘VIEJ Cocomax Usewnalvg) 0, 10 uag 15% i’JlIVI\‘i‘VIlIG] 12 gAn1INAaDY mmsmaawmav 6 6211
MaInYANIINAaedluiasnIuAN Mg iusEIIa 25+2°C Tikas 10 Falua/u Aeviaenlingossisalud
A 3,000 lux Yuitnuanmsivlavesieide W sy wazdausnyn 7 wduna 28 Tu uay
Juiinuaauen3lu (cm) 99uuLen kazANEIRY (cm) setuiladosenesidemades (Vermier caliper)
Tutugevineueanismaass (Fuil 28 vesn1svaaes) silunsnaaefien ImEJmimammaaNmamawuauammi
NABDY

N1391HUNTNAFBILUUE URADA (Completely Randomized Design; CRD) kaztUTauLfiguauBANgIg
Aadsres S1uanlu mnuenlu dwausin mnuesIn Suugen LLﬁSﬂD’]ﬂJQ\‘IG’TwUENLﬁaLéaﬁuﬁﬂLﬁmLLfﬂﬂU@'N
#8735 Duncan’s New Multiple Range Test (DMRT) fiszdiupanandosiu 95%

NaN15998

1. wavasasAIvanMsiulavasiuindaunslusg

nsfnuinavessin wagUTunalelnladuiiunndstuienstniliasluresiudndaunddudimn 7 fu
Junan 28 5u wui dlemnzidsadune 7 fu dudndaundusasuiimstmiliaely wasdsuauludisann
Julutugainevesnmeasslasdsiualundeluuil 28 vesnmeanaviiy 13334446 9 27.83:2.48 lu/siu
Mamnzidsudededuindaunslusedethuenin 10% saufuaIsAtuAuNIsAule BA 1, 2 uag 4 mg/L
(013gA3T 6, 7 waw 8) dnaviliduinidauadusisdsinuluaisgaamendanmamsdsaduna 28 Yu
WiNAU 23.33+9.79, 22.83+9.91 Way 27.83+2.48 Tu/Au auasu Lﬁam%auLﬁ&JiniqummiﬁLmﬂﬁmﬁ’u
3 gasnanad wud d9nnululiuendsiueteldeddgmead (p>0.05) (Table 1) Tuvaeiduindeaundlusng
Sufinnsadresnanendainisinsidsadunan 14 Sy LLazﬁf\i’wmuiﬂmaé‘ﬁ'&qaqmmwé’qﬂmwwl,?iuauﬁunm
28 U LAZNUIN ﬁucﬁ“ﬂLfJ@]LmﬂwmﬁLW%L?T&NLTJunm 28 U é’wammmiﬁiﬂLamﬁmvw%ﬁa waz BA (gn3011S
‘1/1 1) LLa ammmsmmmmmwsn 10% (ammmi‘m 5) mwmuiﬂﬂimuammEJsuaqmivmammLmﬂsmﬂmmmi
vnaeddue il fyn19adn (p<0.05) InefiAn 10.33+3.27 waz 10.33+4.03 990/fu Aud1s uaﬂmﬂu WU
AM5LAN BA 4 mg/L Iuamsamwimﬂﬁwﬂmﬂmwwsn (ammmsw 4)LLavamsmmwmmuwamaqmwwsn 15%
(qmm‘miw 12) mam’tmumL‘Ummﬂ‘umﬂumamaaswﬁwmuqumma‘ummsmam (Table 2)

Table 1 The average number of leaves of variegated watercress tissues when cultured in media containing

different growth regulators

Average number of leaves of variegated red watercress plants

Coconut BA
Formula o (%) (/L) (Leaves/Stems) (Average+SD)
water (Y0 m
: Day 7 Day 14 Day 21 Day 28

1 0 0 4.17+0.41°°  7.00+3.29°%  10.00+4.56”  14.00+5.44°"
2 0 1 5.00+2.00°°  8.83+2.86%  11.67+4.68>7  15.67+6.65""
3 0 2 4.17+2.93*  7.33+6.28>" 9.67+6.44°"%  14.83+9.97°
4 0 4 6.17+2.86°%  8.83+5.04°°?  11.83+6.15"%  15.83+8.57""
5 10 0 6.17+2.99°°  10.00+4.10°% 135045322  17.33+7.87°"
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6
7
8
9
10

11
12

10
10
10
15
15
15
15

AN P, O BN -

7.83+5.19%°
6.00+4.77"*

10.50+3.02**

5.17+0.98"7
6.00+4.60""
5.67+1.63"7
6.67+1.21>°

13.67+6.35"%
12.17+7.83%°%
15.17+3.13%°
7.67+3.14>°
10.00+7.59°"
10.50+6.38°>"

11.00+1.90%%

17.50+8.147"
17.00+9.49°>1

22.67+1.03%°
9.00+3.03>
12.50+8.57""
13.17+8.59°"
13.50+3.38

b,12

23.339.79°"
22.83£9.91%"
27.83+2.48""
13.33+4.46""
15.50+10.41>
15.00+9.21°"
16.67+4.50""

Note: Different numbers
Different letters

1,2,3,4

in the same row indicate statistically significant difference (p<0.05)
® in the same column indicate statistically significant difference (p<0.05)

Table 2 The average number of root formation of variegated red watercress tissues when cultured in a

medium containing different growth control substances.

Average number of roots of variegated red watercress (Roots/Stem)

Coconut BA
Formula (Average+SD)
water (%) (mg/L)
Day 7 Day 14 Day 21 Day 28

1 0 0 0.83+0.98"° 5.50+2.51*° 7.33+1.51% 10.33+3.27*
2 0 1 0.00+0.00°*  0.50+0.55° 1.1740.75"%2  2.17+1.83%!
3 0 2 0.00+0.00>"  0.67+1.21° 1.00+1.557%! 1.33+2.16“"
i 0 4 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°
5 10 0 0.00+0.00"? 2.83+2.71°% 5.83+3.92*% 10.33+4.03%"
6 10 1 0.00+0.00"? 2.33+1.63°! 2.83+1.60°" 3.17+1.33%
7 10 2 0.00+0.00°*  2.83+2.99>% 3.00+2.83™" 3.67+3.14>"
8 10 4 0.33+0.82°"  1.67+1.86" 1.83+1.83"%! 2.17+2.23%"
9 15 0 0.00+0.00°°  1.17+1.60°% 3.33+1.63"7 6.00+2.61>
10 15 1 0.00+0.00°°  1.33+1.03°%? 2.00+0.63°%*?  250+0.84°*
11 15 2 0.00+0.00>*  0.50+0.84°** 0.83+0.75"? 1.17+1.17°%
12 15 4 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°

Note: Different numbers »??
Different letters

abcd

2

in the same row indicate statistically significant difference (p<0.05)

in the same column indicate statistically significant difference (p<0.05)

Han1SANYY Wud1 emnsnzdsadedefiAutnuzndnn 10% dwaliduinidauadusiadsiuiugen
distuliunnsnstuegreiifoddymneada (p>0.05) nefiroglutag 4.33+2.80 1 8.00+2.61 van/du faiigns
amsnnyrnsveaethiiinaseninuenlu lnedudndauadusamnganisneassinnuenluldunnssiuesiedl
HedrAgneana (p>0.05) mumaa’tuma 0.62:0.26 19 0.90+0.26 cm mumummﬂmmﬂumwLammaam
919157 L i uuE N7 waz BA (3 n501MIST 1) Ausoud ANEY 2.53%3.56 cm 4 qmulwmum
111LL@ﬂmaﬂuwmsmaaqauammuamﬂmmaam (p>0.05) Yona1nd wuin msmmmuvm’n 10 way 15%
(EjWiE]’]WﬁV] 5 uaz 9) vhliidudnidauadluanadisinenigean 1.13+0.32 uaz 0.77+1.3 cm “ZN&.IF’]’]LLG]ﬂG]NﬂU‘Qﬂﬂ’]i
vnaesduseaiitudfyvneEda (p<0.05) (Table 3) Iﬂaqmmmiﬁlﬁmﬁmzw%ﬁa 10% 1‘5@7unu1ua15mu§m@?’1

AMUENIN 15% wazdansvinlvnusauisinien?
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Table 3 Growth of variegated watercress tissue cultured in medium containing different growth regulators

on day 28 of the experiment.

Growth of variegated red watercress tissue (Average+SD)

Formula Coconut BA Number of
Leaf length  Root length Trunk
water (%) (mg/L) , peaks
(cm) (cm) height (cm)
(Shoot/Stem)
1 0 0 0.90+0.26°  0.52+0.12°° 2.53+3.56°  1.83+1.60°
2 0 1 0.87+0.15°  0.22+0.12°°  1.03+0.12°  2.67+0.82
3 0 2 0.64+0.35°  0.05+0.07° 1.17+0.27™  1.67+0.82°
il 0 4 0.63+0.34°  0.00£0.00°  1.09+0.24%°  1.50+1.64"
5 10 0 0.84+0.32° 1.13+0.32°  1.18+0.27™  5.50+3.56™
6 10 1 0.72+¢0.16°  0.57+0.23° 1.42+0.33™  5.83+2.93%
7 10 2 0.75+0.04°  0.60+0.49° 1.64+0.60" 4.33+2.80°
8 10 4 0.74+0.10°  0.38+0.33" 1.24+0.30™  8.00+2.61°
9 15 0 0.62+0.26°  0.77+1.32°°  1.01+0.16°  3.17+2.93"“
10 15 1 0.69+0.35°  0.23+0.17°° 097+051°  2.50+1.87°
11 15 2 0.88+0.37°  0.12+0.10°  0.90+0.45°  3.33+1.97°“

12 15 4 0.83+0.03° 0.00+0.00°  1.16+0.18"  2.00+1.67°

Note: Different letters ® < ¢

in the same column indicate statistically significant differences (p<0.05)

2. nwazmeduguinevaadaidetuindauaddudefinzissdsamsniugumaiiulnfiuandreiy

miﬁﬂmé’ﬂwmgé’mgm%wmsuwﬁua'auﬁﬂLﬁmmﬂwﬁaﬁwam?ﬁumtﬂunm 28 Y Wuin Fuduited
wzidssunosTifiuinngni1a 10% v BA 4 my/lL (gasewnsi 8) dsunuluainiigausluddnuue
wAszunfu uazfsndoslifanizduems sngiinisimnzdssuuormsilidnafudhuendn uay BA
(gnsemsi 1) vibiduinidaundluansdidugeiign lufianuenn uas fndunneenaudevesdeiu
IﬂamuaaumwwLammaamsmmawluumuwammumvvﬁnLﬂuamﬂﬁvﬂamvﬂumm uazuiansey uenani
MamzdsIUue I ITLRILENET 10% (gasewnsil 5) dwmaldndudndaundludnsiinnuensnniian
Ingannzivemsian ludduasan dlulide wagluiinauiy (Fisure 1)

dotamadulmvendadesuindaundudiluannzunmnnidoduna 28 fu wui qmmmsﬁ'lﬁuﬁw
ugN§12 10% 320U BA 1 way 4 mg/L (gA501M157 6 uaz 8 auasu) vilwdudeudruiuluiade
uazdruuendsnn Tasgnsemnsfiiniiugni1n 10% Sauiu BA 4 my/L shlidudeuiisruauluiadogs
27.83+2.48 Tu/fu uariisunusoniadogs 8.00£2.61 sea/fu udiilofiansandnuasduguing) nuin snly
wazgeaiAntuinniuidnuaeluunada Fuseudddiuie uaruasvuniu livazaudonissimne vaeiinsg
Wuthugndnn 10% Wssegrafeuiliduindaundudnaisiunl Swiusen wasanugeiudeudiaunn
nudause Tuifdunsasla wazialiwianseu Jauvnzausenisdadming uazdseen
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Figure 1 Shoot emergence characteristics of variegated red watercress grown on MS media supplemented

with different concentrations of BA and coconut water for 28 days.
Note: The numbers in each image represent plant tissues from different experimental sets grown on
different media.
When 1 = Free from plant growth regulators 7 = Coconut water 10% + BA 2 mg/L

2=BA1mglL 8 = Coconut water 10% + BA 4 mg/L
3=BA2mg/L 9 = Coconut water 15%

4 =BA 4 meg/L 10 = Coconut water 15% + BA 1 mg/L
5 = Coconut water 10% 11 = Coconut water 15% + BA 2 mg/L

6 = Coconut water 10% + BA 1 mg/L 12 = Coconut water 15% + BA 4 mg/L

n1sanUs1gna

nsfnvinavesanslelnladufifnademaivlnvesduindaundudaiemizdosuusmsgns MS iy
thugn¥ uay BA avrmduduiiuansretudunm 28 Yu Kallderlddmenindiseguitenunuiiadelunssdn
Tiifiaasf uaznunansanunsniBmamnedediuldlumanandondesld funnuanismanes nud dwewdn
iy 10% Swavhlndeidefuindaundlumsairssonduiunn uasgnsormsfiiisiugnin 10% saudu
@13AuANN1SAUlA BA 1, 2 uaz 4 me/L viliiAnn1safrslusiuaunnn §snanis@nuiaonndesdy
N15veeug AU Cryptocoryne retrospiralis (Roxburgh) Fischer Tue1113 MS anmuasaded nuin nsld BA
sefuAMIduty 2 uag 4 me/L awnsadniiliiAnly uazsensouldunniignegiided dymeaia (p<0.05)
599891 A0 BA 1 me/L luvauzfinisliiiin BA aduomsinzidsadodeiinavilvduseuaindly uaveensautes
Hanograiifoddynieada (p<0.05) (Phongchawee et al,, 2014) 1losa1n BA iluasmugumsaiyiulnves
AeflungulalalafuiifinaautAitienssdunisuisiveusad niingen mItatauiulnvesen wazAdly (Trigiano
& Gray, 2000) uazluthugnidaflansduvidlungulslalafiufaiusesluufiviauauifnseduliAnnsuaeed
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i enuANMTENER LasiBsuuaseasadiiy Jafimaithugnimulfiduluduussneuresemameiies
\lefeiiy Tne Selakorn et al (2020) lénagouimzidoai el odundaeuin (Musa (AAA eroup) ‘Kluai Nak’)
AILBINNTNT MS eIl usIsdLALenEety A 0, 15, 20 wag 25% wuit nnsldthugndnusunu
togluomsgns MS (hugwd 15%) Swavhlvindredsumisindogean 8.25 mis/veniinzides uardinm
g1eARALgan 7.73 cm dsdiduandsegadlfoddnySmneadia (p<0.01) dewseuitoututhuzndnsesu
auduiudy 9 nsesmhugndlvemsmnsdsailodeiulunsiiuduridasiiivssansamlunsdaety
nadivlavesdlaifoii donadesfuamifouss Santarunal (2015) AldnaaouiaduasduvgnningAviiunnsis
fu 4 il Téun thaendn 15% néaeven 15% Sy 15% wasthusdoma 15% luowns MS dwsumneiies
ndeldindosiunys (Dendrobium friedericksianum Rehb. £) lugamuasaidie wuin duendm 15% duaiy
mMsiAngen Augey S wazanuenluedsgegaloiouiisuivansduniduindu 4 uazaonadesiy
1338994 Sudhanyaratana et al. (2016) finudn n1siintueni1z 15% luemnsgns MS vilidundaenh
1899 (Musa (ABB) ‘Namwa Mali-Ong’) #¥esaznnsiinsengaan 100% wazilduiuseniad vgegaiviniu
2.00 oa/Fuduiiy Fslunsmaaesdanarmnndimamaseuldiiusniniidudusnit 15% enalduanindulad
uanesnile

nsadsnvesduindawasluatadauusuniufudinn BAlngemisynniuay uage1m1siiiy
thugnin 10% duaviliduindaundussadiendinumn waromsidmingndn 100 vilisutnidauns
Tudnsdisnemgan uandifiuiomamsdsadedefivnann Ba shliduindaunsainesnldd uagsnd
AT ANy TANIgANIYAaesTiRnIgfiy BA uonandmaiiy BA aruidutugs 4 me/L fnavliuinide
unslusnslaiademndaudusnauieiugninevesnsmaaes deandesiun1sfinuives Phongchawee et al. (2014)
finuin nnsld BA asluewsinzdsadoderinnit 1 me/L finadudimsiinsnvesduseulumesinudnumay
(Cryptocoryne retrospiralis (Roxburgh) Fischer) 1 1iasnlalalafiudumsmunumaivlavesiiviiadisen
szuurnudididsatrgidedonsgdusentisduaiunaudsiivessenuarlufiy egslsfinamniuiina
1ﬁuimlﬂﬁuszﬁwmuL‘ﬁwﬁ’uﬁqqLﬁuiﬂﬁ]sa'waé’uéy’aﬂmﬁm’m wasdmiliAnuaadauny (Kaweetah, 1997) il
Vrugndndarslelaladurdansiud-dauluusuraussuta 181.93 urluluans (Srisukh, 2016)
Fepnidusinudesdladiouiuiinu BA fledldlumanzidsaieife vonandiuendndidunanes
haanlsalna nglaa wazglasadussdusznouagluuium 5.25, 7.25 uag 9.18 me/L nuddy (Jala, 2010)
ihmavimnagdluihueniuduumdensomsliiufio uazanuliaunavessesluussrilalalafuarooniu
dusadnivilifivasesnnuiownadald aoandeady Neera et al. (2014) i ldnaaeuimzidsadoibe
FuuruneTu (Helianthus tuberosus L) luanmuasnidelngldans BA Kinetin uazthuzndiludnsrduiiuandig
fu wudn mafniuendn 15% aduemns MS awnsadniiliiAndugou waesnldge 3.30 Fu/Audiy
waw 3.00 910/3udm muddu Tnsdhuewdnfunldudnilifsd usuusnld Wesandusniidu
Weak cytokinin msldthugniaduemmameidsaiodesininiiaaldttusounazsn Tuvaeit 8A u
Strong cytokinin N34y BA 3svilvtelalfinnsad1esn (Chantha et al, 2004) thugnénddinariilrduindouns
Tuana ludiludunsan dluld@e wardeuyy aonndesiun1s@nuwives Santarunai (2015). AU n13iau
tugn$ 15% Tuemsgns MS drevhlidundaelifindosiunys (0. fiedericksianum Rehb. ) fid1dudiden
anla fndunuann wagsnemudauss neifmudazsiadanudosnsasmuaumaiulaviosesluufivlused
Aumneinaiiu

unagy

anse1s MS fifldrunasesinening 10% wesegnaien wasihuendn 10% Mduasaugunsivle
wila BA fnavilvsudnidaundludadisnluede wazduiusenadogs wimniin BA Tuszdunandudugses
dwmalridduidnunruaszuniy waedsntosliBanedues Tasorms MS Aiduthugnin 10% iesehs
Wwenibisudnidauaduaeddinusnnun sinfimnuengdn wagsinaunsadanizivemislad luliduasen




MsasnuasAtansiazmvalulad ans.da1u | U9 6 avufl 2 wgunia - Beniau 2568

waglufianuyy Tuvauzfiansensiiliuihugndnasdmaililuressudnidaunddunsdfiddn wazuwinseu
Atlugnsemsmvidsaiadesudnidauaduasiilinansiivleia ddnvasiivanzausdonisdnd e was
deean AeansaImMng MS AdsNLENi13 10%

AnANssuUszNIA

VOUDUAN AMTUIIA LTBUTIAT NTTUNITUTINT USEMlaiiaTuaaAinnaium 1in NliaueunseRiiegns
WY uwaganuilun19awide uasveveunmamzmalulagnmea WInedeysn Inenendunys Alvnns
atuayunsvineuideluaiall

LBNE1I5919D4

Chantha, P., Kongpetchsak, P., & Doksanthia, S. (2004). Plant hormones [Unpublished manuscript]. Faculty
of Science, Srinakharinwirot University. (In Thai)

Jala, A. (2010). A tissue culture protocol for propagation of native and rare orchid, Pecteilis sagarikii
Sedenf. Journal of Science and Technology, 18(2), 28-39. (In Thai)

Kaweetah, R. (1997). Plant tissue culture: principles and techniques. Kasetsart University, Promotion and

Training Office Printing Division. (In Thai)

Srisukh, V. (2016, October 13). Young coconut water, a natural health drink. Mahidol University.
https.//n9.cl/b67péj. (In Thai)

Murashige, T., & Skoog, F. (1962). A revised medium for rapid growth and bio assays with tobacco tissue
cultures. Plant Physiology, 15(1), 473-497. https://doi.org/10.1111/}.1399-3054.1962.tb08052.x

Neera, S., Soonthorn, W., Mongkolpun, P., & Hongpukdee, P. (2014). Effect of cytokinins and coconut water
on in vitro shoot induction of Kaentawan (Helianthus tuberosus L.). Khon Kaen Agriculture
Journal, 42(2), 1-7. (In Thai)

Phongchawee, K., Praditsan, R., Pipatcharoenchai, W., & Srisongkhram, Y. (2014). In vitro propagation of
aquatic plant Cryptocoryne retrospiralis (Roxburgh) fischer. Freshwater fisheries research and
development division Department of Fisheries. (In Thai)

Rodloy, A. (2020). Marketing and production management of aquatic plants in Thailand for exported and
sustainable use of resources. Inland Aquaculture Research and Development Division
Department of Fisheries. (In Thai)

Santarunai, N. (2015). Effect of medium and plant growth regulator on development and flowering
(Dendrobium friedericksianum Rchb. f.) of orchid in vitro. In P. Samreangrum (Ed.), The National
Conference and Research Presentation. Create and Development to Approach ASEAN
Community Il (pp. 155-162). Nakhonratchasima College. http://journal.nmc.ac.th/th/admin/
Journal/2558Vol3Nol 68.pdf. (In Thai)

Selakorn, O., Sutaphan, S., Phasinam, K., & Kassanuk, T. (2020). The optimal concentration of coconut
water on multiple shoot induction of Musa (AAA group) ‘Kluai Nak’ in vitro. YRU Journal of
Science and Technology, 5(1), 1-6. (In Thai)

Sudhanyaratana, N., Aoki, S., & Rattana, K. (2016). Tissue culture and the analysis of ploidy stability of
Musa (ABB) “Namwa Mali-Ong”. Journal of Multidisciplinary in Social Sciences, 9(3), 1-14. (In Thai)

Thiangpuk, C. (2015). Coconut juice: great natural food. Food, 45(2), 39-42. (In Thai)

Trigiano, R. N., & Gray, D. J. (2000). Plant tissue culture concept and laboratory exercises. CRC Press.


https://n9.cl/b67p6j
https://doi/
http://journal.nmc.ac.th/th/admin/

MsdsinensAdnsuasmalulad uns.dau | Agriculture & Technology RMUTI Journal

P

U 6 atuil 2 ngunAl — BaA 2568 | Vol.6 No.2 May - August 2025

Received: February 13, 2024; Revised: January 22, 2025; Accepted: March 26, 2025

A review on the ethnobotany of exotic species in Thailand lli:

Tamarindus indica L. (Fabaceae)

Kittiyut Punchay® and Prateep Panyadee®’

IThe Botanical Garden Oreganization, Queen Sirikit Botanic Garden, Chiang Mai Province, Thailand.

*Corresponding Author E-mail Address: pt.panyadee@gmail.com

Abstract

This review explored the ethnobotanical uses of tamarind (Tamarindus indica L.: Fabaceae), an exotic
species with a longstanding presence in Thailand. The study synthesized 199 use-reports from 42 references
spanning 1995 to 2022, revealing its multifaceted roles in traditional medicine, food, and other applications
across 16 ethnic groups. The plant is most commonly employed for treating digestive system disorders but
also finds use in women's healthcare and combating infections. To understand its widespread use, we
evaluated three hypotheses: availability, diversification, and versatility. The plant's ubiquity, due in part to
its 700-year presence in Thailand, substantiates the availability hypothesis. Although the diversification
hypothesis is less compelling in this context due to the existence of other species treating similar ailments,
the versatility hypothesis was strongly supported by the plant's broad application across various domains.
The review underscores the need for future phytochemical and ethnopharmacological studies to
understand T. indica's medicinal efficacy better. It also suggests leveraging ethnobotanical knowledge for

community-based conservation efforts.

Keywords: Cultural practices, Ethnomedicine, Herbal therapy, Indigenous knowledge, Tamarind

Introduction

Exotic plant species, also known as non-native or introduced species, are plants that have been
introduced to an area outside of their natural range through human activity (Kull et al., 2014). However,
the invasion of exotic species can negatively affect forest ecosystem functions and plant diversity (Gaggini
et al,, 2019; Xu et al.,, 2022). On the other hand, exotic species play an increasingly significant role in food
systems (Chamorro & Ladio, 2020) with well-adapted to local conditions, generating a greater volume of
food in different time than native plant (Pilnik et al., 2023). Exploring the utilization of exotic plant species
among rural and indigenous communities provides an avenue for understanding how humans have
explored a variety of plant resources in their environment to promote health and wellness (Medeiros et
al., 2017).

Tamarindus indica L. (Fabaceae) is a tropical fruit tree that is native to Madagascar, but has been
introduced in more than 50 tropical countries, and tamarind has become naturalized or established as a

wild plant (POWO, 2023). The specific epithet, "indica", perpetuates the misconception of its origin. In fact,
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T. indica was introduced to India during ancient times, as evidenced by archaeological findings and
scriptures (Neumann et al., 2003). Despite its common name being derived from the Persian word
"Tamar-I-hind", which means "date of India", it is possible that T. indica was introduced by Ethiopian
traders who had established contact with India and Ceylon before the arrival of Arab traders who raised
the common name afterward (Shah, 2014). Indian traders are considered to carry T. indica to Southeast
Asia in medieval period (Neumann et al., 2003).

Tamarindus indica is considered a multipurpose plant. Various parts of the tree have traditional uses,
especially in India and Africa (Havinga et al,, 2010; Ebifa-Othieno et al,, 2017; Noorunnisa et al., 2017).
T. indica is a keystone food resource for ring-tailed lemurs (Lemur catta), which are endangered species
and endemic to Madagascar (Mert-Millhollen et al., 2011).

In Thailand, T. indica was reported to be traded during Ayutthaya period (1687-1688 A.D.) by French
priest (Komolabutra, 2005). T. indica has since become an important economic crop, with 19 cultivars
currently grown in Thailand (Srisuvoramas et al., 2015). Additionally, tamarind has been widely used in
agroforestry worldwide, including in Thailand where it has been intercropped with annual plants and other
fruit trees (El-Siddig et al., 2006; Orwa et al., 2009). It is one of the most common ingredients in common
northeast Thai cuisine and is rich in poly phenol contents (Tantipopipat et al., 2010). Tamarind is an
ingredient in several traditional Thai medicines included in Thailand's essential medicines list - Ya Hom
Nawakot: utilized for digestive issues; Ya Thai Di Kluea Farang which: acts as a natural laxative; and
Ya Prakob Samunphrai: used in herbal compresses soothing muscle and joint inflammation.

To gain a deeper understanding of the ethnobotany of T. indica in Thailand, it is imperative to address
the fragmentation of primary ethnobotanical data available. Despite the extensive use of tamarind in Thai
culinary practices and traditional medicine, there exists a notable gap in the systematic documentation and
synthesis of ethnobotanical knowledge. This study aims to bridge this gap by presenting a comprehensive
collection of traditional Thai knowledge on T. indica, underscoring the significance of this exotic plant in
Thai culture. By consolidating scattered ethnobotanical studies, this research provides insights into the
diverse ways Thai societies utilize and interact with tamarind, highlighting its integral role in their interaction

with natural resources.

Note on Tamarindus indica L. characteristics

Tamarindus L. is a monospecific genus, containing only a single species, in the Leguminosae family,
subfamily Caesalpinioideae. The genus was established by Linnaeus in 1754. Tamarindus indica, the sole
species in this genus, is a tree that can grow up to 20 m in height, with paripinnate leaves consisting of
10-18 leaflets. The flowers have four sepals and five petals, which are yellow or cream with red veins. Pods
are cylindrical, with irregular constrictions, usually curved, and light brown, 5-15 x 4 cm. The seeds are
3-10, glossy dark brown, and embedded in a brown and sticky pulp.

As an introduced species, T. indica is classified as a low-level invasive species in Thailand by the Forest
and Plant Conservation Research Office (FPCRO, 2013). Despite this classification in Thailand, the
overexploitation of tamarind has caused a decline in the number of trees in Africa (Fandohan et al., 2010).
In Madagascar, local people once regarded T. indica as sacred, but this traditional knowledge is fading.

This cultural shift is exerting additional pressure on tamarind populations (Ranaivoson et al., 2015).
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Methodology

Data Collection
Our bibliographic searches employed several sources, utilizing specific keywords relevant to the

ethnobotanical study of T. indica in Thailand. The keywords used in this review include "T. indica,"

"ethnobotany," "Thai ethnobotany," "traditional Thai medicine," and "plant utilization in Thailand." The
criteria for the selection of references were as follows (Panyadee, 2022):
1. The scientific name "Tamarindus indica" must be specified in the reference.
2. The reference must constitute original research, explicitly including information about the locality
and the time of the research.
The search included both English and Thai sources from Thai university libraries, online Thai
journals, and international databases (Google Scholar, Scopus, PubMed). The Thai Library Integrated System
(www.tdc.thailis.or.th) was also used, covering theses and scientific reports from Thai universities. To avoid

duplication, only data from these were included when overlapping with journal articles.

Data analysis

The uses of Tamarindus indica were classified into categories—medicine, food, food additives,
materials, social uses, and fuels—based on the Economic Botany Data Collection Standard (Cook, 1995).
Each use was documented as a "use-report," representing a specific application by an ethnic group from a
particular reference. Medicinal uses were further subdivided following the same standard. This approach

enables consistent categorization and quantitative analysis of cultural contexts.
Results

Ethnobotanical of T. indica in Thailand

A total of 199 use reports were obtained from 42 references spanning the period of 1995 to 2022,
encompassing 16 distinct ethnic groups. These references include 2 bachelor research projects, 12 journal
articles, 6 reports, and 22 theses, amounting to a total of 42 sources. Of these, 12 references are published
in English, while the remaining 30 are published in Thai. Notably, the 12 journal articles were identified using
online databases, with 10 found in Google Scholar and 2 retrieved from PubMed.

Among the use reports, the dominant use category was medicinal plants, comprising 43% of the total
(Table 1). The remaining use reports were categorized under various other classifications, including food,
food additives, materials, fuels, and social uses (Figure 1A). Fruit is the dominant plant part, accounting for
more than 50% of the use reports, followed by stems (27%), which include bark and wood.

Within the category of food uses, a total of 47 use reports (24%) were documented (Table 1). It was
found that the fruit pulp is commonly consumed (71%) in its raw form, both when unripe and ripe as
dessert fruit. Additionally, the tender shoots and flowers were employed in culinary preparations or are
incorporated into salads (Table 1). The seeds, on the other hand, were often roasted and enjoyed as snacks
(Sutjaritjai, 2019).

For food additives, Tamarindus indica was commonly used as a souring agent, particularly the fruit pulps
and tender shoots (Table 2). In addition to this, the bark of the plant was utilized by the Shan people in
spicy minced fish salad to enhance the taste of the dish (Pongamornkul & Muangyen, 2012).


http://www.tdc.thailis.or.th/
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As a material, T. indica wood was used for construction, as reported in studies among the Karen people
(Kamwong, 2009; Sutjaritjai, 2019; Georgiadis, 2022) the Tai Lue community (Muangyen, 2013), and other
Thai populations (Upho, 2005; Muangyen, 2013). Furthermore, the Karen people utilized bark powder, mixed
with water, for beautifying the eyes (Georgiadis, 2022). The pulp was employed as soap (Sutjaritjai, 2019;
Georgiadis, 2022), while the fruit fiber was also used by the Karen people to wash dishes (Sutjaritjai, 2019).

The ripened fruit's exocarp of T. indica was ground and mixed with tobacco to alleviate the bitterness
of smoking among the Shan (Pongamornkul & Muangyen, 2012) and Karen peoples (Trisonthi et al., 2007,
Sutjaritjai, 2019; Georgiadis, 2022). Additionally, there were a few reports of the Karen people using tamarind
wood as firewood (Sonsupub, 2010; Sutjaritjai, 2019).

Categories of health disorders treated with T. indica

A total of 86 ethnomedicinal use reports (43%) were generated for T. indlica in Thailand (Table 3). These
reports were associated with 41 ailments which were classified into 15 use categories. The category of
digestive system disorders had the largest number of use reports, with 22 reports covering eight ailments.
Other categories with a significant number of reports included pregnancy, birth and puerperium disorders,

infections and infestations, and skin and subcutaneous cellular tissue disorders.

Social Uses _Fuels Root
4% T 1% Entire plant 3% 3%

Shoots

5%

Unknown parts

6%

Medicine
43%

A B

Figure 1 (A) The proportion of different use categories; (B) the proportion of different use parts within the
medicinal category of Tamarindus indica.

Table 1 Summary of ethnobotanical use reports for T. indica across different secondary categories of food

Category Usages Ethnicity Reference

Dessert The ripe fruit's pulp is Akha (Inta, 2008), (Srisanga et al., 2011)

fruits consumed as a dessert Hmong (Nuammee, 2012), (Srithi, 2012)
H'tin (Tangtragoon, 1998)
Karen (Georgiadis, 2022), (Kamwong, 2009), (Khamfachuea, 2008),

(Panyadee, 2017), (Pongamornkul, 2003), (Sutjaritjai, 2019)

Khamu (Srithi et al., 2012)
Lahu (Panyadee, 2017), (Yaso, 1997)
Lawa (Borikut, 2019), (Moonjai & Inta, 2016), (Panyadee, 2017),

(Ponpim, 1996), (Srithi, 2012), (Tangtragoon, 1998)
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Category Usages Ethnicity Reference
Mien (Srithi, 2012), (Tovaranonte, 1998)
Shan (Panyadee, 2012), (Pongamornkul & Muangyen, 2012),
(Tangtragoon et al., 2004)
Tai Lue (Inta, 2008)
Thai Phatlamphu et al., 2021)

(
Thai (Isaan) (Numpulsuksant et al., 2021)
Thai Yuan (Panyadee, 2017)
Yunnan (Panyadee, 2017), (Ponpim, 1996)
Chinese
The young and ripe fruitis  Karen (Tovaranonte, 2003)
consumed as dessert Lawa (Yaso, 2000)
Pulses The roasted seeds are Karen (Sutjaritjai, 2019)
eaten
Vegetables Tender shoots added toa  Thai Yuan (Penpanassak & Inta, 2018)
savory mushroom curry
Flowers used in curry Karen (Sutjaritjai, 2019)
Shan (Tangtragoon et al., 2004)
Shoots are incorporated Shan (Pongamornkul & Muangyen, 2012)
into salads
Tender shoots are utilized  Hmong (Trisonthi et al., 2007)
in culinary preparations H'tin (Klamwaewwong, 1996)
Karen (Kamwong, 2009), (Pongamornkul, 2003), (Tangjitman, 2017)
Mien (Tovaranonte, 1998)
Shan (Panyadee, 2012), (Tangtragoon et al., 2004)
The young fruit is Shan (Pongamornkul & Muangyen, 2012)

consumed as

Table 2 Summary of ethnobotanical use reports of Tamarindus indica across different secondary

categories of food additives

Category Usages Part Ethnicity Reference
Souring agent  used as a souring agent Fruit pulp Akha (Srisanga et al., 2011)
especially in sour soup Hmong (Nuammee, 2012)
H'tin (Klamwaewwong, 1996)
Karen (Georgiadis, 2022)
(Sonsupub, 2010)
(Sutjaritjai, 2019)
Thai (Upho, 2005)
Thai Yuan (Penpanassak & Inta,
2018)
(Songsangchun, 2015)
Fruit pulp, Tender  Akha (Inta, 2008)
shoot Hmong (Noitana et al., 2013)
Karen (Winijchaiyanan, 1995)
Lawa (Songsangchun, 2015)

Tai Lue (Inta, 2008)
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Category Usages Part Ethnicity Reference
Tender shoot Akha (Thatsaneeyakorn, 1997)
Karen (Khamfachuea, 2008),
(Tovaranonte, 2003)
Lahu (Yaso, 1997)
Lawa (Ponpim, 1996)
Shan (Pongamornkul &
Muangyen, 2012)
Tai Lue (Muangyen, 2013)
Thai (Isaan) (Numpulsuksant et al.,
2021)
Thai Yuan (Muangyen, 2013)
Yunnan Chinese (Ponpim, 1996)
Other used in fish larb (spicy minced Bark Shan (Pongamornkul &
additive fish salad) Muangyen, 2012)
types

Pregnancy/birth/puerperium disonders

Skin/subcutaneous cellular bssue disonders

Muscular-skeletal system disorders

i

Unspecified medicinal disorders

Digestive system disonders

Infections/Infestions

Injuries

Respiratory system disonders
Poisonings

Nutritional disorders
Ni-defined symptoms

Blood system disorders
ienitounnary system disonders

Mervous system disorders
Endocnine svstem disorders

=

]

10 15

20 25

Figure 2 The number of reports used for the ethnomedical use of T. indica in each category (Cook, 1995).

Table 3 Ethnomedicinal uses of Tamarindus indica in Thailand

Category Part Ailments Preparation Reference
/Application
Blood system Fruit Blood flow Drink aqueous (Maneenoon et al., 2015),
disorders improvement decoction (Pongamornkul & Muangyen, 2012)
Al parts/ Blood flow Boiled then bath (Pongamornkul & Muangyen, 2012)
whole plant  improvement
Digestive system Bark Diarrhea Potion (Sutjaritjai, 2019), (Yaso, 2000)

disorders

Aphthous ulcer in
cattle

Orally consume

(Sutjaritjai, 2019)
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Category Part Ailments Preparation Reference
/Application
Colic Drink aqueous (Tovaranonte, 2001)
decoction
Fruit Laxative Orally consume (Sonsupub, 2010), (Sutjaritjai, 2019),
- (Chamratpan & Homchuen, 2005),
(Neamsuvan et al., 2016), (Phatlamphu
et al,, 2021), (Muangyen, 2013),
(Muangyen, 2013), (Pongamornkul &
Muangyen, 2012), (Sumridpiem, 2017)
Drink aqueous (Maneenoon et al., 2015)
decoction
Fruit Sputum Drink aqueous (Maneenoon et al., 2015)
Elimination decoction
Fruit pulp Laxative Orally consume (Pongamornkul & Muangyen, 2013)
Constipation Orally consume (Tovaranonte, 2001), (Sumridpiem,
with salt 2017)
Leaf Gastroesophageal Drink aqueous (Sumridpiem, 2017)
reflux disease Decoction
Tender Bloating Boiled with Lasia (Ponpim, 1996)
Shoot spinosa then drink
NA Constipation - (Noitana et al., 2013)
Diarrhea Orally consume (Sumridpiem, 2017)
Endocrine system  Leaf Diabetes - (Upho, 2005)
disorders
Genitourinary Root Urethral stones Drink aqueous (Sutjaritjai, 2019)
system disorders decoction
Gallstones - (Kamwong, 2009)
Il-defined Fruit Dizziness Bath (Sutjaritjai, 2019)
symptoms Orally consume (Sutjaritjai, 2019)
Infections/Infestati  Bark Fever Bath (Sutjaritjai, 2019)
ons Herbal steam (Sutjaritjai, 2019)
typhoid fever boiled with others (Winijchaiyanan, 1995)
Fruit Bilharzia orally consume (Neamsuvan et al., 2016)
Cold in children Drink aqueous (Maneenoon et al., 2015)
decoction
Leaf Malarial fever - (Upho, 2005)
Tender Convalescence Mixed with other (Winijchaiyanan, 1995)
shoot fever shoots then
steamed
NA Deworming - (Noitana et al., 2013)
Injuries Bark Wound - (Pongamornkul & Muangyen, 2012)
Poultices (Sutjaritjai, 2019)
Fruit shell Wound Boiled (Pongamornkul & Muangyen, 2012)
Leaf Wound Pounded (Tovaranonte, 2001)
Whole Wound Boiled (Pongamornkul & Muangyen, 2012)
NA Wound Boiled, mixed with (Phatlamphu et al., 2021)

water and bathed
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Category Part Ailments Preparation Reference
/Application
Muscular-skeletal ~ Bark Back pain Drink aqueous (Sutjaritjai, 2019)
system disorders decoction
Fruit Aches and pains Herbal steam (Sumridpiem, 2017)
Leaf Hands and feet Soaked (Sumridpiem, 2017)
soreness
Aches and pains Compress ball (Sumridpiem, 2017)
Stem Lumbago Drink decoction (Sutjaritjai, 2019)
Nervous system Fruit Paralysis - (Chamratpan & Homchuen, 2005)
disorders
Nutritional Fruit Tonic - (Sumridpiem, 2017)
disorders Mixed with others (Pongamornkul & Muangyen, 2013)
Leafy Malnutrition Boiled with other (Bunsongthae & Chaiwong, 2010)
Branch herbs then bathed
Poisonings Fruit Detoxification Orally consume (Sutjaritjai, 2019)
Leaf Detoxification Soaked (Sumridpiem, 2017)
Pregnancy/birth/p  Bark Postpartum Boiled or mixed (Pongamornkul & Muangyen, 2012)
uerperium Recovery with herbs
disorders Fruit Postpartum - (Pongamornkul & Muangyen, 2012)
recovery
hardwood Postpartum heated by fire (Phatlamphu et al., 2021)
recovery
Leaf Postpartum - (Pongamornkul & Muangyen, 2012)
recovery
Leafy Postpartum Boiled (Bunsongthae & Chaiwong, 2010)
branch recovery
Root Postpartum - (Kamwong, 2009)
abnormalities
Stem Puerperium Drink aqueous (Sutjaritjai, 2019)
decoction
Tender Postpartum - (Pongamornkul & Muangyen, 2012)
shoot recovery
Respiratory Bark Cough Drink decoction (Sutjaritjai, 2019)
system disorders Phlegm Boiled (Tovaranonte, 2001)
Sore throat Drink decoction (Sutjaritjai, 2019)
Fruit Cough Orally consume/ (Sutjaritjai, 2019)
drink decoction
NA Cough - (Noitana et al., 2013)
Skin/subcutaneou  Bark Dark spots, rashes Made into powder (Tangjitman, 2017)
s cellular tissue and used as face
disorders powder
ltching Bath (Sutjaritjai, 2019)
ltching Boiled then bath (Pongamornkul & Muangyen, 2012)
[tching Applied (Pongamornkul & Muangyen, 2012)
Fruit Dry skin Liniment (Sutjaritjai, 2019)
Inner bark Pus-filled wounds Burnt, scraped, and (Sumridpiem, 2017)
mixed with water
Leaf [tchy rash Compress ball (Sumridpiem, 2017)




MsasinuasAansiazmvalulad ans.da1u | U9 6 avufl 2 wgunia - Beniau 2568

Category Part Ailments Preparation Reference
/Application
Unspecified Tender Used as a herbal - (Pongamornkul, 2006)
medicinal shoot remedy
disorders
Discussion

Tamarindus indica is widely acknowledged as a versatile tree in Africa, Asia, and Latin America, with
significant applications in medicines and foods (Lans, 2007; Ebifa-Othieno et al., 2017; Bibi et al., 2022). It
has been reported as the most commonly used species among the Karen community in Thailand, due to
its integral role in their culinary traditions, medicinal practices, and sustainable lifestyle (Sutjaritjai et al,,
2019). It is also the species with the highest use value among an ethnic group in Indonesia (Al Yamini et al,,
2023). While T. indlica serves various medicinal purposes for treating a range of ailments within 15 used
categories, it is notably employed extensively in addressing digestive system disorders as a laxative, much
like its utilization in Africa (Havinga et al., 2010). This widespread use can be attributed to its high content
of organic acids, dietary fiber, and phytochemicals, which stimulate bowel movements, improve digestion,
and alleviate constipation. Its accessibility and effectiveness in traditional medicine systems make it a
preferred remedy for digestive issues across various regions. T. indica has been report for postpartum
recovery in Indonesia as tonic to recover the stamina (Silalahi and Khairiah, 2020), but Thailand was report
only for bathing which may related with the anti-inflammatory, wound healing activities and analgesic
potential (Havinga et al.,, 2010; Komakech et al., 2019). The limited use in Thailand could be attributed to
cultural differences in postpartum care practices, where herbal remedies are often integrated into external
applications rather than internal consumption. T. indica is suggested as a potent natural wound-healing
phytochemicals including terpenoids, sterols, and fatty acids (Aly et al., 2023).

According to traditional dietary practices, Tamarindus indica is consumed as a food source and food
additive, and it can also be prepared as a pleasantly acidic beverage (De Caluwé et al., 2010). The ripened
fruits of T. indica are rich in essential minerals such as Zn, Fe, Ca and Mg and have a long shelf life of up
to eight weeks (Nattaporn & Krittika, 2010; Okello et al., 2017). The fruit and its extract are utilized by the
food industry as preservatives and for the production of ready-to-eat foods (Mansingh et al., 2021).

Although there is a preference for exotic species over native species in traditional uses, there is low
redundancy observed between exotic and native species (Alencar et al., 2014). Exotic species are
incorporated into pharmacopoeias to address gaps that are not fulfilled by native species (Medeiros et al.,
2017). The utilization of exotic plants in traditional medicine can be attributed to the hypotheses of
versatility, availability, and diversification, which aim to explain the increasing number of exotic plants being
used. These hypotheses provide a potential explanation for the popularity of utilizing exotic plants (Gaoue
et al,, 2017).

The availability hypothesis posits that the significant incorporation of T. indica in Thai ethnobotany may
be attributed to its greater abundance or accessibility compared to native plant species. It is noteworthy
that this species has been introduced to Thailand for more than 700 years since Sukhothai period and is
widely distributed across the country, thereby reinforcing its accessibility. Our study confirms this notion to
a certain extent; the plant's uses spanned multiple ethnic groups and domains, suggesting widespread
availability. Furthermore, its diverse utilization for non-medicinal purposes, such as food and construction

material, may be indicative of its abundance in the Thai landscape. The availability of a plant species can
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indeed influence its value in traditional medicine, as demonstrated by previous research (Medeiros, 2013;
Panyadee, 2022).

The diversification hypothesis suggests that introduced species like T. indica may fill therapeutic
vacancies due to their novel bioactivity. However, in the context of Thai ethnobotany, this hypothesis
appears to be less compelling for explaining the plant's widespread use. While our results do show that
T. indica has a significant role in ethnomedicine, particularly in treating digestive system disorders
(Tangjitman et al,, 2015; Panyadee et al. 2019), it is worth noting that Thailand has a rich repertoire of native
species also employed for digestive ailments. Therefore, the plant's extensive use may not be solely
attributed to filling a therapeutic gap but could also be influenced by cultural factors, traditional
knowledge, or synergistic effects when used in polyherbal formulations. Future phytochemical and
ethnopharmacological studies could provide more nuanced insights into this aspect.

The versatility hypothesis posits that introduced species are more likely to be incorporated as medicines
due to their broader range of uses. This is vividly supported by our data, which demonstrates that T. indica
is not only used medicinally but also in diverse non-medicinal categories like food, materials, and social
uses. Furthermore, within the medicinal domain, 7. indica is employed for a broad spectrum of ailments.
Such versatile use-profiles are consistent with other ethnobotanical studies that found a high correlation

between versatility and plant utilization (Bennett & Prance, 2000).

Conclusion

The ethnobotanical profile of Tamarindus indica in Thailand is a compelling tapestry woven from biological
availability, cultural preferences, and medicinal versatility. This study complements global research
underscoring the plant's multifaceted applications, particularly in traditional medicine. Our review provides an
in-depth ethnobotanical analysis of T. indica in Thailand, revealing its expansive utility across various domains
and ethnic groups. While the plant's applications share some commonalities with practices in other counties,
unique local uses underscore the critical role of cultural context in ethnobotanical research.

Our findings contribute substantively to the existing body of knowledge, demonstrating how exotic
species like T. indica can become deeply embedded within local pharmacopoeias and cultural norms. The
utilization of nearly all parts of the plant for a range of medical conditions-including digestive system
disorders, women's healthcare, and infections-is particularly noteworthy. Moreover, the plant's recognized
nutritional value aligns with scientific substantiation, adding another layer to its importance.

Future investigations should focus on elucidating the phytochemical properties of T. indica, exploring
its synergistic effects in polyherbal formulations, and assessing its role in sustainable development and
biodiversity conservation. Additionally, strategies to leverage ethnobotanical knowledge for both economic
and environmental benefits should be considered, as they could incentivize communities to preserve their

traditional practices and knowledge.
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Artificial intelligence for waste sorting using applied deep learning models
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mu‘i%’aﬁﬁf@qﬂizmﬂumiﬁwmLLazUizqﬂmﬂsﬁizwﬂﬁgmwis%ﬁLﬁ@ﬂ'ﬁﬁﬂLLsm‘LJ'ﬁsmmst Tngtmalulad
nsSguiidadnunldlumsiiesgiuagiuunvezaianig q lnenisuszenaldlaseeUssanniieniuuaouligdu
(Convolutional Neural Networks: CNN) Faifiumadafifiuszanamgslunisussanananin iuunanladunis
Boudiednuuulsifeadeuldn (No-code machine learning platform) FetaelnisiamnluinanisiSeusidedn
dulveghsazaandu nssvrumsidegnudseanidu 3 Sunoundnldun n1ssvsmdeya mlinaoulung ua
nsnagauluag lagsausiusunnvesvezdnuay 2,000 §U Fawvseanidudvszinnndn laun Uszianiialy
Ussianduniduiolen Yszanslewda Ussinndunste sunmaeinangniunldlunisinaeusasnaasulung
Msduunes tansmaasstandiifiuinssuuannsaduunUssanYe e iEANLLudIAgsis 91.50%

lnefiusgansnmasgalunisduunvezUssinnialduasslafanilanuudugiiia 100% uasaanlunisiuunvey
gunTeniANALiug 86%

AdAey: Uayauuseieg Maseudidedn nsAnuenves lasegussamiiiey

o«

Abstract

This research aimed to develop and apply an artificial intelligence system for waste classification by
utilizing deep learning technology to analyze and categorize various types of waste. Specifically, it employed
Convolutional Neural Networks (CNN), a highly efficient technique for image processing, through a no-code
deep learning platform, which facilitates easier development of deep learning models. The research process
was divided into three main stages: data collection, model training, and model testing. A total of 2,000
waste images were collected, categorized into four main types: general waste, organic or wet waste,
recyclable waste, and hazardous waste. These images were used to train and test the waste classification
model. The experimental results demonstrated that the system could classify waste types with an average
accuracy as high as 91.5%. The system achieved the highest efficiency in classifying general and recyclable
waste with an accuracy of up to 100%, and the lowest efficiency in classifying hazardous waste with an
accuracy of 86%.

Keywords: Artificial intelligence, Deep learning, Waste sorting, Neural networks
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Figure 1 Examples of images for the four types of waste in the dataset
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Table 1 Confusion Matrix.

Actually Positive (1) Actually Negative (0)
Predicted Positive (1) True Positives (TPs) False Positives (FPs)
Predicted Negative (0) False Negatives (FNs) True Negatives (TNs)

lag TP, TN, FP uag FN Tun13199zunundga1n1ud wazaiuisald Confusion matrix 11AMIATUTELY
UseAnsnmuasnsviiunedie Model Tuguuuuaang 9 lavaten 1aun Accuracy (rnugnsissimeldnseiuded
\inUUA39) (Chorakhe & Noppitak, 2023) #9301 Eq.1

TP+ TN
TP+ TN+ FP+ FN
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Figure 2 Screenshot of the waste classification model being trained using google teachable machine
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910 Figure 3 LJun1suanInIsas1wuUTIaeni1siT1gUunImaesisayUsznnee Teachable machine
Tutumeunsufumsnfinesluna fnsusu Leaming rate Fsaandu 0.001 tietaslilnnaieuslélusngi
Winzay uae Batch size aandy 16 ierfiudszAvsamlunsUszanananarannislimiemus lagldsunin
Y92 4 Uszuam Usznause Ussiaminly dssunvduviddvioden Ussinvisleifa uazussinndunsne msudsteya
aamﬂwqm?]ﬂaau 85% wavyannday 15% i eUszifiuuszansnmlasnavesnisviunenansiae Confusion
matrix 4 Figure 4 wazUszAndamlunisdnuenverlunsazssianeg 80% 9 100% nyatoyanaaou

fakandly Table 1

Table 2 Performance of the classification model for each waste type based on 75 test images per category.

Waste type Precision Recall F1-score Accuracy
General waste 85.23% 100% 92.02% 100%
Organic waste 95.24% 80% 86.96% 80%
Recyclable waste 92.59% 100% 96.15% 100%
Hazardous waste 95.59% 86.67% 90.91% 86%

Confusion Matrix for Waste Classification

Gereiu Waste

Organic Wt

Atun

Recyciatie Waste

razardous Waste

Caneral Waste
FUareC Wasie

Facycable Waste
Hazardoon Waste

Mredicted

Figure 3 Confusion matrix showing the performance of the waste classification model across the four

waste categories: general, organic, recyclable, and hazardous waste
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wandbiiuduudassaunsansiadurezialuldasud wilinsiuesvesdssaniudurezialuegiia
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Tud1u09veUNS g Precision 95.24%, Recall 80% way Fl-score 86.96% U44 11usinuuiasdas
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ﬂixﬁw%mwﬁﬁqm fiAn Precision 92.59%, Recall 100% Wag Fl-score 96.15% WansteANainsalun1snsIadu
g3 laAalnogansudiukaruiug wardnsuveLsunsI8dan Precision 95.59%, Recall 86.67% way F1-score
90.91% wandliiudianuaugassnIenuwiuduarauasudulunnsadu

2. mswaiIulednldlunsudanswa
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Figure 4 Screenshot of the web interface showing the output of the waste classification system.
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Figure 5 Screenshot of the program interface developed for classifying different types of waste
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3. wan1snaassldszuulyausshvgdmiunsfauenvezdienisussendlduuudnaainisiseusitedn

dadeantunmmeasdldssuvtyylssAvgdmiumsdauenies Men1sUssendlduuuinasnisiseusigedn
u Tagliidenmaduan 3 viu fnsanuasdssiiulssansamlussuutiygussividmsunsdaunveziie
nsUszgndliuuuasniadoudiddningliuuusmiiunuam uashuneseidemadnnuguiouiuing
uazATUNE UaAse Table 2

Table 3 Evaluation results of the artificial intelligence system for waste classification using deep learning

model application

ltem Mean  Standard deviation Level of satisfaction

1. System performance 3.67 0.58 Good
2. Deep learning model processing performance  4.00 0.00 Good
3. Display interface 4.00 0.00 Good
4. System security 4.33 0.58 Good
5. Suitability of the devices used 4.00 1.00 Good
6. User convenience 4.00 0.00 Good
7. Feasibility of real-world implementation 4.00 1.00 Good
8. System processing speed 4.00 0.00 Good
9. Accuracy of waste classification using the
deep learning model 453 028 Good
10. Appropriateness of system design 4.67 0.58 Very Good

Overall Average 4.10 0.43 Good

971 Table 2 nansuszLllugunvessz ULl UTERvgdmsunsAnuenvezaiensuszenalduuudnass
ns3oufidean Taedlermngianads i 4.10 eglusedud fuildsuanadeggaensldaunasanumsa
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figafe suUszANSAmYBIsTUUALAAY 3.67 ﬂﬂﬁ?}u’hmiﬁmiﬁwiﬁLﬁ'mLﬁaﬂ,uﬁmﬂwsﬁwmiamﬁ’uiwd’m
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n1sanUs1gna

ndnguszasansidelumsimuiwasUssendldssuutyaivsshvgdmsunisAnnenveslnensussanaly
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(2023) fiu Zulhusni et al. (2024) Ainuin Mslilasstedszamifisauuuaeuligdulunissuunuasfauenves
anusolvinadnsidauutugige uonani Phachanai et al. (2022) §aldszyimsliszuu Al Tunsdauonuey
HeifinUszansamuazanusInislumsianisues
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Effects of animal manure and bagasse compost on growth

and yield of Chinese Everest hybrid radish
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Msidenavesyadnivianng q fhunihdeninswiurudesronisasyiulauasnandnveinniaisiug
1o1IBLIAY Lauin 21eunun1IAaBIkUY Randomized Complete Block Design (RCBD) $1uau 5 nguvnnaes
Usenaudne nauvaaesil 1 Jeiailgns 16-16-16 uaziloiailgns 13-13-21 nauvnaesi 2 vugeeviingauiiuyaln
nauvaaesi 3 muaawmmmwaiﬂ naumaaesil 4 wudesminsimfiuyagns warngunnasdil 5 y1udosuiln
Swfugaung wuin ngunnassdl 1 Jeiilgns 16-16-16 uazllainiigns 13-13-21 fUszAvsnmannilan (flesann
Webinnandniad gnsuRoILINTign Ao 813 n$usews (41 Alansuseuuas uaz 6,560 Alansusols)
Tuvazifeiuffiduiaudnanivenia wazmnueIadevesia Wiy 7.11 wufing uag 29.68 lwufluns
pudrfy dalvnaliunndstumsadfdungunaasdu maaigiulaaznandnvosinniaiadildfulowad
fvazldfusmomsiinsuiuuazainaue iliinaasgdulaaenondniia ogralsfnunislidoinians
reliAnnansznusiodndoxldlusunan

'3

AdnATY: Yadnd vIudes NnNAN
Abstract

Research on the Effects of animal manure and bagasse compost on growth and yield of Everest hybrid
radish. The experimental design adopted was Randomized Complete Block Design (RCBD) with 5 treatments;
Treatment 1: chemical fertilizer formula 16-16-16 and chemical fertilizer formula 13-13-21, Treatment 2:
sugarcane bagasse mixed with chicken manure, Treatment 3: Fermented sugarcane bagasse with cow
manure, Treatment 4: sugarcane bagasse composted with pig manure, and Treatment 5: sugarcane bagasse
fermented with goat manure. The results demonstrated that Treatment 1, chemical fertilizer formula 16-
16-16 and chemical fertilizer formula 13-13-21, was the most effective. It resulted in the highest average

yield weight in grams per head of 813 grams per head (41 kilograms per plot and 6,560 kilograms per rai).
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Also, the diameter and the average length of the head were 7.11 centimeters and 29.68 centimeters,
respectively, which were not statistically different from other treatments. Everest hybrid radish treated with
chemical fertilizers received complete and consistent nutrients, resulting in good growth and productivity.

However, the use of chemical fertilizers may cause environmental impacts in the future.

Keywords: Animal manure, Bagasse, Radish
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fAnnavifufiviifienuddgmansugiaivgniienisuilan dmsuaneiusgnaauieniedisas dnwagiial
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gauazAMAING (Thai-Chinese Herb Information Center, 2010) SRR o nslioinillusey sy uneliAn
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naunumslitond Wosnaunsoifinunusine s iiuaugauauysaivesiu annslieind iisnanan
wazadsanmwIndeufiviinzadmsunnasadulavesiiv wasiiauddglunsianisinuesiddusandu
fnsfudauandon
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1. N1FINURUNITNARDY

TUHLNITNAABILUY Randomized Complete Block Design Usznaudae 5 ngumaned 4 ax 3 4 lnglduvas
Ugnuun 1x10 e Swauaven 15 wlas Usenoudae ngunaaesdl 1 Jewafigns 16-16-16 wazteiaiigns
13-13-21 ngunnaedil 2 Mudeeviingiuduyaln naumeaesdl 3 vudesvsinguiuyala naunaassil 4 vuses
vinsiuiuyaans naumaaosdl 5 Mudeeviingiuduyauny

2. myidensinyudey

yhnestlnung 1x2 was Seun 4 nes wiaznasusznaudesudes 100 Alandy yadninundumeans  ax
20 Alan3u pyiSegns 46-0-0 S1uam 200 nFu uazasissgUiUes wa.1 (Super PD1) 1 9o Ingluudaznoaiuain
miijwmué’aamsaqﬁuﬂaaﬂamué’mgaé’mi v utuaduuszann 5 du fidnwazfugvamimiengs 100
wufiuns MntdladegiFeans 46-0-0 S1uau 200 ndu Tasnszelitaudas udrsadethiinantu w1 inos
JefinnuBulszana 60 wWesidust anduguieriedn ndunesdoyn 1 7 $u nieufunissatn
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3. MsUgnuaznisguasnen

WwisuuasUgnuunn 1x10 wes $110u 15 ulas shnmsngeawdadnniaiiudionedisar lavia aduudasi
wissllneneanmduwaidiuim 2 uad udazuaIvinei 50x40 wufuns neanandnnInisIwIy 2 wannevay
mndudlednmaiisenls 10 Yundmnmameuda Jnhnsneuusndundliinde 1 fusevau n1squatn
Tngsath 1i-8u viedlefunnnuruiu wadlionuisueangunaaes tnelaniutdldle 2 ads adausnld
{Joinilgns 16-16-16 S 50 Alansusiolsdmiusosiiu uazadedl 2 WedundfiengUsvana 25 Jumdansimng
wide ldloiafigns 13-13-21 a1 25 Alanusiels daullovifnusiasaemeandlasosiiulusng 4,000 Alansudels
vhmafuifemnandnilesty 55 Fuvdimsimiziudn

4. mstuiindaya

ﬁﬁmiﬂ’uﬁﬂﬂﬁa;&aaﬁ’wmﬂum?{asiaéfu () Arunirawazauenvesiuede (wuiuns) timinvewanannas
siova (NFU) Lﬁumﬂuéﬂama?{aﬁuaﬂﬁa (wuflns) dmtinanuaztndnuiwesduimaendnsifiuies Tne
uﬂﬂawammu 60 asradoa Wua 48 2lus LwammmmLﬂaiwummmma uwamawlmmatmwmmm
wUsUTIUNNSanaA mmmumimmaawmmmLLavLﬂiaumwmmLmﬂmﬁvmmmmaa‘uaﬂLmavﬂawmaaﬂmmﬁ
Least Significant Difference (LSD)

NAN15998 waznN15aAUusIeNa

1. NM3LA3YRUINVDIRNNIAAT

dednmaviengld 42 5JUM5§LWW“L3J§G1 yhmstudwauluadsaaine wui nandunaaesiiduiuluedsll
waneineuMeaia Lmﬂawmaaqw 2 muaawmnmwalﬂ :uLLqu:ﬁlwmmuiuLaaamﬂwamﬂa 12.14 Tusasiu
3aqaamﬂaﬂaumaaw 1 Joiadl ngumaaosil 5 Mudesnsinsuiuyauns ngunnassi 3 vudosninswiuya
Ta uazngumaaesii 4 wudesvsingauiuyagns fenmlumdeuiny 12.00, 11.96, 11.70 uag 11.46 Turofy
AUEU (Table 1) @enndsaiu Alhadad. et al, (2015) fiwuin galfiﬁﬂisﬁw%mwmﬂﬂdﬁaaﬁum%'sjé“u 9 vl
fnaifiutuluanugs divdnuiswesseauazivesiis saudinmaifiud uesTinusgemsluluwasia uas
sATe84 Keshar, et al,, (2019) MdoUszidiunansgnurestodunidang q densiaTadulanasnananialuii
Tutha Tenud yadnitnifiuanugevesits il Anuensin wasnandsdunasgrsdideddnloiioudu
iy qdmiuanunhevedly Wednnieenyld 42 unduwzda vhmsiaenuniuluaisadanine wui
nangunaasaianuniicluiad sluuana1am1eadf udngunaaesi 5 vudosndnsiuduyauns
fuunliuiegdwaliinniaiienunsluedsnniigafe 17.17 wufiung sesawnfe nguvaaedil 2 Mudes
wiinganduyaln nqunaaesdl 1 Jeoiadl ngumnassd 4 mudesniinguiuyaans uaznduneaesil 3 viudoemin
Sufuyala flanunidluedsingy 16.37, 16.07, 16.07 way 14.97 WUGALUAT AUAGU AsuANLETLaaYes
Tudinniavia Wednniasiengld 42 5’14‘1/1'5&wamﬁmﬁwmii’mﬂ%qmﬁw wui1 ynngumaaesiinuenluedsll
uaneaeadia windumaaesi 2 vudesviingamiuyald fuwlihivieuenluedoniiade 28.42 wufims
s09aNAe nauMAaesil 5 MuSesmiindautuyauns nauvaassil 1 Jeiadl ngunaassd 3 vudesmingiuiy
yaln wazngunaaosil 4 vudeeminsautuyagns darmenluiedewindy 28.33, 27.50, 27.33 uag 27.29
LWURLAT AUE19U AS Table 1
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Table 1 The average number of leaves per plant and the average leaf width and length (centimeters)

of radish
Average number of leaves Leaf width  Leaf length
Type of compost
(Leaves per plant) (cm) (cm)

Chemical fertilizer 12.00 16.07 27.50
Sugarcane bagasse mixed with chicken

12.14 16.37 28.42
manure
Sugarcane bagasse mixed with cattle

11.70 14.97 27.33
manure
Sugarcane bagasse mixed with pig

11.46 16.07 27.29
manure
Sugarcane bagasse mixed with goat

11.96 17.17 28.33
manure
F-test ns ns ns
CV. (%) 2.81 4.05 2.09

Note: Means in each column are not significantly different.

2. YSNauUas AN WHARER
USinnuuasAun mHaRaRdnn 1A MgniuAuniideyadnidisedaiundniuduiudes Weknniaiengld

Y

v
° o

55 Sundaiwng msiiuiemandn nuin e minniusies fruunnsiremsaiifedadideddy (p<0.05)
Taenguvaasdt 1 Jeind mumuﬂwawamaaﬂmmamﬁa 813 niusioTh eta9fe nguNAABaTl 4 yudoeniln
$afuyadns nquvaaesd 2 wudesniniiutuyali uaznqunaassdl 5 vudesnsiniamiuyauny funin
KAHARLRABYINGU 777, 776 waw 716 nuserta muddy Tuvaisfingumnaesd 3 wudesvsindaniuyala duhmiin
nandniadetosdigade 650 nfuse (Table 2) losandnmeshifilssuteiniigns 16-16-16 uaz 13-13-21 qzdl
lulnsiau vleavle¥a warlnunadeustrafivmouassioiiles uaregluguiifivannsogedululdliviufidoasae
Tagsglulasiuvhmihiliasuasamsiesapiulamedsiu nsedulvinisuania fulu sadansassnaelsilad
vilsivanunsadansginadldogiadui Tuvasifofudefivldiusiinameanedafimnzauazviilisnvosiivg
mwﬁag@ﬂmﬁﬁ mmm@mﬁwLLawmﬁléfaﬂﬁaﬁﬂizﬁw%mwmﬁu (Gahoonia & Nielsen, 2022) wazaaglviiey
anldsmlulnsiauldfdude vonnnlulasauwazreansaiiiusinemavdniidwyvesivuds Tnunaden
Aidusmemandniiddndefiuuiu nslnumadeuniinfisnuaunaveseule uazaunuussiusg o Tuead
fiwuariiddydsaunsadaasunisiasydulnvesiiv (Marschner, 1995) é’ﬁmﬁaﬁmiﬁ%’uammmiﬁﬁwLfJu
ATwNs sansalimsaiyiiulauazrandnldd daalingunaassitlileoiniigns 16-16-16 wagteiniigns
13-13-21 fidwilnuandniadeunnitan
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Table 2 Average vyield weight of radish at 55 days after sowing: comparison between soil amended

with various types of animal manure composted with sugarcane bagasse and chemical fertilizer

application
Average yield
ot Average head Average head
wei
Type of compost s diameter (cm) length (cm)
(¢/head)
Chemical fertilizer 813° 711 29.68
Sugarcane bagasse mixed with 76" 6.97 27.49
chicken manure
Sugarcane bagasse mixed with 650° 6.64 27.84
cattle manure
Sugarcane bagasse mixed with pig m— 7.23 28.37
manure
Sugarcane bagasse mixed with goat 16 6.38 28.87
manure
F-test o ns ns

Note: " Means in the same column with different lowercase-letter subscripts are significantly different at
p<0.05.

WWurgudnanaindsvesin wui ndunnassil 4 vudesnsinsiuduyagns Sunltiliduiqudnanaadsves
Wniiga Ao 7.23 wuRluns sesasndengunaassil 1 Joiad nqunaassil 2 vudesvsinsauduyala
naumaaesil 3 Mudesmindmiuyala uaznguvaassil 5 Wudosminmiuyauns Mdukiiquinarsadsvosiy
Winu 7.11, 6.97, 6.64 Lay 6.38 wURLAT A1Na19U wazliianuuanaesiunie@na (Table 2) Lﬁaamﬂgaqﬂiﬁa
\Dufaniisismemsses uay ﬁ]aﬁmmmﬂuﬂ’%mmﬁmﬂdmaé’mi‘uﬁmﬁu 9 ﬁgaf'fmiummié’miaﬂimjﬁmil,a'%m
Fnfiunarussnnng 9 Tudsunug L‘WEﬂMﬁﬂiL%mL(ﬂUIGlIW]’IiJUﬂ@] faussmwaniiu liaunsognuiiluldusslow
Livum uasgniudieeenumisya Snvaiudsnioszgnuusan v Tﬂnaa‘luiﬂavamuwlﬂmﬂmu Juduszlemise
Fufimanniu wmmammmmmmvmhﬂﬂmmfm Feassheiudslunsdunssiuas waEMTASeAULATa Y
Vlﬁi%W‘Uimawamwmmmwmmu (Chattupompong et al, 2011)

mmamaaaﬁuadm SoAuganmeaeuiuiemandniieny 55 fu udunizwda wud lfauusndrsiu
naadd uingunaaesil 1 Jeiad fuuiliunnueniadevesiunniian fe 29.68 iwufiums sesasnAenguaass
7l 5 udesvingauiuyauns nqunaaesi 4 Mudesusinswiuyagns nauvaassit 3 viudesmingutuyala
LLazﬂ’@:m%ﬂaaﬂ‘ﬁl 2 mué'awﬁﬂi"mﬁmdald fianueeaerewWnGU 28.87, 28.37, 27.84 Way 27.49 1HURLAT
MudRU (Table 2) Wlosaninneviiiladsudeiatigns 16-16-16 Tuszerusn uaz 13-13-21 Tussesdiass silvils
USmadlulasiau Woavesa warlnunadenoshafivmeuss sarios dreduaiunszsuiunmsadroutls uazthmaly
a1du lu nanowdn sanmsgadululnsiaunaynisdunsiziuas (Gahoonia & Nielsen, 2022) Wlilduandniia
uazfinaunmgs dwalviluudliuaueniedevesiunnniingumaaosdu |

3. Wasidudinquitsvasduiivdandaniafiuien

n¥sniiuiemandn ihdwiindendamaiuiendaiminan wui nnna‘:mmamﬁﬁmﬁﬂama?{aw
uanA1efuneada winguvaaesd 1 Yewad duwnldilddminanedeuiniignde 357.80 n3u sesasuife
naumaassil 4 yudosminsnfuyaans nqumaassd 3 vudosnminuiuyale wazndumaaesil 5 wudesnsin
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Saffugaune Simiinanadewint 345.65, 302,69 uay 33525 n¥u swady Turasfingunaaesdl 2 v1udes
Mmiumugalﬂ fwnlhisiwiinanadetosiian Ao 333.95 ndu

thifegsduiivdendaimafuiendldlusuiigumnd 60 ssmueadoa iunan 48 Falus itombmidnus
wud angunaseshimdnuiaedsliunnetunadd Tnendunaaesd 5 mudesminsiuduyaune Suualt
Tiainuisadeunitanfio 72.05 n¥u sesaande nduvnaesii 1 Jeindl nquvanesdl 4 vudesutniuiuya
4ns wazngunaaosdl 2 vudesniingauuyala fuwdnuiaadowiniy 71.88, 70.36 uaz 69.82 n¥u mugdy
SLusufumﬂawmaam 3 gudosviinguiuyale fuwlidmbminutaaiedesiigaie 69.80 niu (Table 3)

nFsntuhaniminaawasininuidldluliesginesiduiimdnu wui ﬂawmaaqw 1 Jenpdl
funliliosidudidminuiaaionniignie 79.91 Wodibud sesasmnfio nqumnaesii 4 mudesutnguiy
waans naumaansil 3 Mudesmsindiuduyela uasndunaaesd 2 Mudosviindautuyaln fedfidusitdhmiinuis
@A B 79.64, 79.63 wag 79.09 wWesidud audsu Iumm:ﬁ'ﬂdwmaaaﬁ' 5 ¥ugeendnIIufuyauny
fuuiliulivesidudiminuiaedsdesiigafie 78.51 wWesifud (Table 3) anvndinisldeind Suualdul
Wesdudmhminuiaademniian esnnluleedfsglulnsiouiinaslunsdaasunaaigdulamais fu
sufadussdusznevvesaaslsiiadiiusiningiivaslunssuiumsdunneiuasuazainoins luvasifeiufd
woavlea uarlnunadondussdvseneu mndluvTinaiimnzaufoziduumamdanuuastiglunisdndss
A1597915619 9 (Gahoonia & Nielsen, 2022) uazU3anausnesa 3 win Avldsy 2 ads Aorrsusnuesnis
wiiulalasullaindigns 16-16-16 wastrsnanswesmaiaiulalasuleintiars 13-13-21 uasiots 2 aglugd
fifvanunsahluldldvuiidoaraneh vilivldfuasomsesadedewuazifivmeninniouay msdaae
was et ud e vldTusin o misid T nduasunnsin fsarunsaliinisad g vianasuand alda
Faefbudinguits AodufivAeanmatiiendudiufigluevauldimiinasi idasommaduosduszneuey 2
naufe 1. winiilesduszneuiduansduvdd laun aslulansn Wsu lusiu 3nndiu uas 2. mnifesdusznoudy
ansefunid Idun wanussin Aduomsazauluna laseaiisvesfivnazussigi muegiiussdusznouves
a159uv38 (Phongphianchan, 2000).

Table 3 Average percentage of dry weight of radish residues after harvest at the end of the experiment.

Type of compost Fresh weight Dry weight Weight
() () (%)
Chemical fertilizer 357.80 71.88 79.91
Sugarcane bagasse mixed with chicken manure 333.95 69.82 79.09
Sugarcane bagasse mixed with cattle manure 342.69 69.80 79.63
Sugarcane bagasse mixed with pig manure 345.65 70.36 79.64
Sugarcane bagasse mixed with goat manure 335.25 72.05 78.51
F-test ns ns ns
CV. (%) 16.83 8.51 2.47

Note: Means in each column are not significantly different.
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Abstract

The purpose of this study was to evaluate the utilization of crude glycerin in replacement for ground
corn on the growth performance, nutrient and energy digestibility, and the change of digestive tract. This
study was divided into two experiments. The first experiment was a study on the growth performance by
using mixed-gender eighty-four Thai indigenous chickens with an average age of 11 weeks. The second study
focused on nutrients and energy digestibility and conducted using mixed-gender thirty Thai indigenous
chickens with an average age of 7 weeks. The study on the change of digestive tract was used mixed genders
twenty-four Thai indigenous chickens with an average age of 8 weeks. The experiments were assigned using
completely randomized design. The levels of crude slycerin in the diet at 0, 4, and 8% resulted in no
significant difference on the overall growth performance and production cost. However, during the second
week of the experiment, the use of 8% crude glycerin affected the growth of the chicken including the
decreases of the average daily gain, fat intake, crude fiber intake while truly digestible crude fiber increased.
Meanwhile, truly digestible carbohydrate, nitrogen intake, and nitrogen balance declined. In addition, the
utilization of crude glycerin at 4 and 8% in diet significantly increased the crop weight but the right ceca

weight and liver length were decreased.

Keywords: Crude glycerin, Nutrients digestibility, Gastrointestinal tract, Growth efficiency
Unin
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Tuiran 18.00-06.00 w1in1 Tunslermsagshnisliermsienun 2 dedotuluyTmadiviu neliluna
06.00 WIRNT waw 16.00 w11 YinsaatufinUiinaemsiiwdennasanourhmsliomsliluaifaluuasa
nslfduvuiduiinazAued1sdasenaonssoriiainimeaes wazazviinistalmingala o q 2 et
i Tathminiidiuiy

onsdnililunmsnaassusznoulusmetartu (55%CP) Mnduvdes Pazdun windnlnaua ndlweIufu
ATUSanE 80 Wosiiud nintrduielu S inde llulaunaideunoaia P-21 laneaidouvoain P-16
wIseNaNd 53U ansnauawmt way DL-Methionine (Table 1)

Table 1 Feed ingredient of experiment

. Crude glycerin (kg/100 kg) Feed ingredient
Ingredient )
0 4 8 prices (Baht)

Fish meal (55%CP) 2.00 2.00 2.00 35.00
Soybean meal 14.25 14.25 14.25 22.00
Rice bran 10.00 10.00 10.00 10.50
Ground corn meal 64.75 60.75 56.75 10.00
Crude glycerin 0.00 4.00 8.00 6.50
Palm kernel cake 3.20 3.20 3.20 7.00
Rough rice bran 2.00 2.00 2.00 3.00
Salt 0.25 0.25 0.25 4.00
Monodicalcium phosphate P-21 1.00 1.00 1.00 16.00
Dicalcium phosphate P-16 1.00 1.00 1.00 16.00
Mixed minerals' 1.00 1.00 1.00 42.00
Medicated premixs2 0.50 0.50 0.50 12.00
DL-Methionine 0.05 0.05 0.05 23.00
Total (kg) 100 100 100

Protein (%)’ 15 15 15

Energy (kcal/kg)’ 2900 2900 2900

Cost (Baht/kg) 12.47 12.33 12.19

Note: ' Calcium 216.48 g; Iron 20.35 g; Manganese 0.93 g; lodine 0.14 g; Selenium 0.01 g; phosphorus
32.04 g Zine 49.79 g; Copper 2.47 g; Cobalt 0.02 g; Feed additive for preservation 0.08 g; Diluent
added to adjust the total weight to 1.00 kg.

: Manganese 5.4 g; Iron 14.2 g; Copper 1.0 g; Zine 2.9 g Sodium 3.9 g; lodine 19.0 mg; Potassium
0.9 mg; Cobalt 1.1 g; Diluent added to adjust the total weight to 1.00 k.

® The nutrient values were determined by calculation.
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Table 2 Feed chemical compositions used

Crude glycerin (%)

ltem
0 a4 8
Dry matter (%) 90.11 91.23 90.57
Crude protein (%) 17.49 18.18 16.80
Ether extract (%) 4.09 4.55 5.01
Crude fiber (%) 6.19 5.62 8.14
Ash (%) 8.92 9.05 9.44
Organic matter (%) 91.08 90.95 90.56
Nitrogen-free extract (%) 63.31 61.96 60.61
Apparent metabolizable energy (kcal/g) 3.63 3.60 3.60

Note: The chemical composition of the experimental feed was determined by laboratory analysis using the

proximate analysis method for animal feed.

2. dussauzmsissivTavasliiudiosnenasnnimanns

nmsAnwnsidsdaiudednelaonsldndwesusuiisesu 0, 4 uag 8 wWesiudlugnsems wuan Ll
demasieUsinuemnsinuadesety Tnsildnadewiiiu 78.79, 78.17 uaz 77.58 niudeiu ludiuressnsinis
wiAvTmadsseTunudn lilanuuandraduiiensu (p>0.05) uenainiinsldndweIuiuiisedu 0, 4 waz
8 Woiidudlugnsewns Silidmarednininudsusmadudwiings Sasnisme uazdunuaiomssonis
NANRADANITNAADY (p>0.05) Aauandlu Table 3

Table 3 Growth performance of native chickens

Crude glycerin (%) p-Value
ltem SEM

0 4 8 Trt L Q
Average daily feed intake (g/d) 7879 7817 7758 274 09528 0.7624 0.9965
Average daily gain (g/d) 1294 1221 1240 0.68 0.7404  0.5879 0.5937
Feed conversion ratio 6.15 6.41 6.27 0.28 0.8125 0.7753 0.5750
Mortality rate (%) 357 357 357 357  1.0000  1.0000 1.0000
Feed cost per gain (baht/kilogram) 76.76 79.09 76.49 350 09092 0.9586 0.5810

Note: Trt = Treatment; L = Linear; Q = Quadratic

3. anssnnwmskanvadlifuidiesiveildfuawsiléndiseiuaulugasemns

MnmsAnwnslindweuAuiiszdu 0, 4 uay 8 Wesidudlugnseimns wuin dhudndluganimaaesdi
4§ 8 dUavi ladfanuuanednaiy (p>0.05) usn1smeaedludeduasid 2 nudn nsldndwesuiuiisedu
8 Wosidud vlishsnsnasydulnniedetuanas sgaslsinunisidndweTuiui 8 wWesidud Tuwiliudnen
Yoe8nsIM U siuimindaziuty uenand mslindireTusufiseay 0, 4 uay 8 Lﬂaiéﬁumﬂluqm
awns Siliidwadeusinuemsiinuadedoty fauandly Table 4
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Table 4 Productive performance of Thai native chickens fed diets containing crude glycerin

Crude glycerin (%) p-Value
ltem SEM
0 4 8 Trt L Q
Body weight (g)
Week 0 173.57 775.11 767.36 5.61 0.6032  0.4536 0.5161
Week 2 1004.21° 1007.79° 956.50" 14.26 0.0561 0.0422 0.1507
Week 4 1232.86 1197.57 1191.00 24.24 0.4544  0.2532 0.6402
Week 6 1383.74 1360.24 1351.97 32.41 0.7777  0.4773 0.8773
Week 8 1498.09 1458.68 1461.60 41.20 0.7592  0.5467 0.6847
Average daily gain (g)
Week 0-2 16.47° 16.62° 13.51° 0.73 0.0239  0.0182 0.1012
Week 3-4 16.33 13.56 16.75 1.58 0.3441  0.8562 0.1578
Week 5-6 10.77 11.62 11.32 1.00 0.8370 0.7108 0.6527
Week 7-8 8.16 7.03 8.01 1.10 0.7407  0.9220 0.4546
Average daily feed intake (g)
Week 0-2 68.24 68.16 65.84 1.47 0.4532  0.2767 0.5481
Week 3-4 79.27 77.98 80.64 2.83 0.8064  0.7400 0.5833
Week 5-6 83.05 78.76 79.90 4.56 0.7939  0.6390 0.6373
Week 7-8 84.57 87.76 83.93 3.45 0.7130  0.8988 0.4291
Feed conversion ratio
Week 0-2 4.15 4.11 4.96 0.26 0.0738  0.0512 0.1899
Week 3-4 4.86 6.44 4.88 0.81 0.3292  0.9829 0.1468
Week 5-6 7.98 6.91 7.09 0.70 0.5339  0.3897 0.4850
Week 7-8 11.84 13.13 10.59 1.92 0.6605  0.6579 0.4377

Note: ®° Means in the same row with different superscript differ significantly (p<0.05)
SEM = Standard error of the mean; Trt = Treatment; L = Linear; Q = Quadratic

4. msnulduaznistusanvasinvuzuasndsuuasensinaundwsudunaunuadadirlnaun
msiuldveslnruziaznd i ue NI INaLNAweTURUTISEAU 0, 4 uax 8 Wesidudlugnsems wuin ns
T¥ndiwesuAunasluenmsiisedu 8 wWeodidud vilinisAuldvesTnguite Tusiuneu SunFetng anslulaase
LAENAIUTINANAIIINNGUAIVAN (p<0.05) uaﬂmﬁamﬂﬁ?ugawudflmﬁﬁuvlﬁsuaalmﬁw,l,azLﬁ@iﬂﬁawuqasﬁu Tu
drunsdusenueslnruziasnasnulugleene1ms nuin mstenaesuaunadluemslidmwananisenainis
yosTnguits WeRunew lufu Weolovenw Sun3etng mrflulawnsm uasndsnusi (p>0.05) (Table 5)

Table 5 Effects of replacing ground corn with crude glycerin on nutrients and energy intake

Crude glycerin (%)
ltem 0 . g SEM p-Value

Nutrient and energy intake

Dry matter (g/d) 75.20° 72.42%° 70.52° 0.99  0.0078
Crude protein (g/d) 13.15° 13.17° 11.85° 0.17  <.0001
Ether extract (g/d) 3.07° 3.29° 3.54° 004 <0001
Crude fiber (g/d) 4.65° 4.07° 5.74° 0.06  <.0001

Organic matter (g/d) 68.49° 65.87% 63.86" 0.90  0.0040
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Crude glycerin (%)

ltem SEM p-Value
0 4 8
Nitrogen-free extract (g/d) 47.61° 44.75" 42.74° 0.62 <.0001
Gross energy (kcal/kg) 318.85° 309.24°  300.40° 418 0.0140
Excretion of nutrients and energy during fasting

Dry matter (¢/d) 2.78 3.50 3.00 037 04014
Crude protein (g/d) 1.66 2.09 1.86 0.22 0.4267
Ether extract (g/d) 0.12 0.11 0.14 0.01 0.3077
Crude fiber (g/d) 0.37 0.42 0.27 0.04 0.0623
Organic matter (g/d) 2.43 2.83 2.53 0.30 0.6515
Nitrogen-free extract (g/d) 0.29 0.21 0.24 0.03 0.1521
Gross energy (kcal/kg) 13.14 15.30 13.89 1.66 0.6694

Note: *” “Means in the same row with different superscript differ significantly (p<0.05)

5. nsusanvaslnruzuazndssuluyrenisiuarnisuasnistosla i uies svaslnvuzaeo1wsf nay
nawssuRunawuEadwaunlulifudios

970 Table 6 n1stuepnvaslavuzuazndulugsnsivemisiutvaaeivetesiinaundiweSuiud
320U 0, 4 uaz 8 Wesidudlugnsanns nuln nsléndweIununaxluemslidwmasenistuesnlugasnisiuld
vosTmquiia Tsune1u vty elove Sunietng arslulawnsn wasndanusu (p>0.05) uenaind nsld
ndwesuRuiiseiu 0, 4 waz 8 Wesldudlugnseimns Salydsmarienisdesldnuvinswadlarus leun Ynquis
Tushume loifu uasBuveing (p>0.05) egslsiiniu n1sdosldutiasmondeloneiu wuh Tusmugedude
finslindiwesudiseu 8 Wesidus (p<0.05) Tudruvesnisdesldfiuiiaswanslulamsn wui Susinaanaudle
Wisuiunauaiuau (p<0.05)

Table 6 Nutrient excretion and digestibility in native chickens

Crude glycerin (%)

ltem SEM  p-Value
0 4 8
Excretion of nutrients and energy during the feeding period
Dry matter (g/d) 13.37 14.33 13.80 1.85 0.5705
Crude protein (g/d) 2.75 2.71 2.54 0.12  0.4241
Ether extract (g/d) 0.18 0.19 0.18 0.01 0.8503
Crude fiber (g/d) 2.82 3.01 2.90 0.13 0.5983
Organic matter (g/d) 10.10 10.73 10.25 0.46 0.6279
Nitrogen-free extract (g/d) 4.36 4.82 4.64 0.21 0.3025
Gross energy (kcal/kg) 46.01 48.65 46.41 2.09 0.6548
True nutrient digestibility
Dry matter (g/d) 78.14 75.35 76.17 1.15 0.2466
Crude protein (g/d) 66.46 63.55 62.87 226  0.5087
Ether extract (g/d) 90.22 90.88 90.96 0.57 0.6001
Crude fiber (g/d) 31.40° 15.72° a4.77° 2.98 <.0001
Organic matter (g/d) 81.70 79.41 80.00 0.95 0.2466
Nitrogen-free extract (g/d) 90.23° 88.76" 88.58" 0.47  0.0357

Note: > Means in the same row with different superscript differ significantly (p < 0.05)
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6. MsUszifivlulasiauiildusslovdld waznisusafiundsauiildusslendldluamslnfinaundiwaiudv
naunuadadlnaualulinudios

msUseiululasiouilduselondls Tnemsnaundwesufuiisedu 0, 4 uay 8 wWesiduslugnsomis wuin
Unalulasauilaldsuuasnsusvaunalulanauiiuiinugst udednsldndieeiufunasluemsi 0 ua
4 Wedidud (p<0.05) usdlidmadouinalulasiauiitueen (p>0.05) eenslsfniu nsUssdundriiliusslovd
Teluons wuih hidesasendanuiilivsslondliunng ndanuilivssloniunnguivaugalulasiou ndanud

Tduselomilauriage uagndanuiliusylovdldwiaseuivaunalulnsiau (p>0.05) Awansly Table 7

Table 7 Evaluation of nitrogen and energy utilization in Thai native chickens fed diets containing crude

glycerin
Crude glycerin (%)
ltem SEM p-Value
0 a4 8
Nitrogen balance
Nitrogen intake (g) 2.11° 2.11° 1.89° 0.03 <.0001
Nitrogen excretion (g) 0.44 0.43 0.40 0.02 0.4128
Nitrogen balance () 1.67° 1.68° 1.49° 0.03 0.0002
Metabolizable energy
Apparent metabolizable energy (kcal/g) 3.63 3.60 3.60 0.03 0.7209
Apparent metabolizable energy 3.44 3.41 3.43 0.03 0.6258
corrected nitrogen balance (kcal/¢g)
True metabolizable energy (kcal/g) 3.62 3.62 3.63 0.03 0.9928
True metabolizable energy corrected 3.59 3.58 3.59 0.03 0.9465

nitrogen balance (kcal/g)

Note: ®° Means in the same row with different superscript differ significantly (p<0.05)

7. navasnawesufusdatvinvesaduazludnitn

annsAnwnsldnamesuiulue 1 msisEsu 0, 4 uay 8 Wosidud wuin nsldndwesunuiisesu 4 uay
8 Wosifud demalinsemzinddminfiiutudenisuiiautunduauan (p<0.05) sehdlsimunsldndieeiu
auluemslddamasiatminuesnsuimeitn nssinsudt dugey fu dlddndiudu alddndiunans d1lduEn
duvie TdReudne uwazdldng (p>0.05) uenaini dmuin MdRsdueniuwaliufiviinanimidnazanasdn
e (Table 8)

Table 8 Effect of crude glycerin on organ weights in poultry

Crude glycerin (%)

ltem SEM p-Value
0 4 8

Crop (g) 3.40° 4.39% 5.36° 0.38 0.0060
Stomach (g) 5.50 5.53 5.57 0.34 0.7542
Pancreas (g) 2.86 2.29 2.31 0.44 0.5930
Gizzard (g) 41.51 37.82 33.73 3.44 0.5253
Duodenum (g) 10.56 9.83 9.51 0.92 0.7127
Jejunum (g) 15.88 16.11 12.81 1.77 0.3582
lleum (g) 7.01 6.11 8.11 1.11 0.4568

Left cecum (g) 5.32 4.83 4.33 0.34 0.1531
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Crude glycerin (%)

ltem SEM p-Value

0 a4 8
Right cecum (g) 4.65 4.36 3.65 0.42 0.0741
Large intestine (g) 3.03 2.63 2.49 0.39 0.5975

Note: *®Means in the same row with different superscript differ significantly (p<0.05)

8. NAYDINALYDIUAUABANY1IVRIDIB T ludRTUN

gnnsanensldnaweiunuluemsfisesu 0, 4 uaz 8 Wesidud wuin nsldndiweSuRufisedu 4 uas
8 Wesliud dwmalviiugeuiimueniianaaieiisuifivuiunguamunu (p<0.05) agndlsfinunisldndieiuau
Tuomnslddmasetiminuesnssnein nssmzudt fudeu fu dlddnaudy srlddndrunans 18R wwde
1&Radun wazdldlve (p>0.05) uenani Swmud mslindvesunuiisesiu 8 Weidus fuwlthwhltalddn
druthetinruenfinanniudngae (Table 9)

Table 9 Effect of crude glycerin on the length of organs in poultry

Crude glycerin (%)

ltem SEM p-Value
0 q 8

Crop (mm) 50.50 51.14 53.37 5.53 0.8635
Stomach (mm) 37.16 37.07 37.79 2.85 0.7800
Pancreas (mm) 175.98° 134.45° 125.38" 12.85 0.0252
Gizzard (mm) 52.92 152.72 51.86 4.25 0.8499
Duodenum (mm) 420.53 453.53 409.80 47.26 0.7947
Jejunum (mm) 610.90 646.85 582.42 2753 0.2746
lleumn (mm) 249.91 217.11 311.35 26.58 0.0594
Left cecum (mm) 172.50 168.65 162.25 9.59 0.7503
Right cecum (mm) 177.94 158.95 152.91 12.73 0.3665
Large intestine (mm) 94.46 82.14 94.52 8.56 0.5109

Note: ®° Means in the same row with different superscript differ significantly (p<0.05)

9. NavaINAaIURUABANNI19vBsR % B udndUn
slenawesunulueimisnszsu 0, 4 way 8 Wasidud wuin ludaasaninun39weInTemIein NI
fugeu U anlddndiuiu aldidndiunans aldidnduning ldRssudne TdRsinuan wavdldlug (p>0.05)

(Table 10)

Table 10 Effect of crude glycerin on the width of organs in poultry

Crude glycerin (%)

ltem SEM p-Value
0 a4 8

Crop (mm) ar.27 45.70 49.17 4.55 0.8653
Stomach (mm) 21.50 22.18 26.12 3.05 0.5490
Pancreas (mm) 6.56 7.21 7.65 0.60 0.4483
Gizzard (mm) 52.33 49.94 54.40 4.76 0.6896
Duodenum (mm) 20.16 18.97 22.03 1.12 0.1749
Jejunum (mm) 18.48 19.70 16.70 1.13 0.1937
Ileum (mm) 17.44 22.22 18.90 2.67 0.4469
Left cecum (mm) 9.73 8.65 8.94 0.85 0.6528
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Right cecum (mm) 7.30 8.16 7.30 0.92 0.8027
Large intestine (mm) 1177 13.75 11.70 2.06 0.7323

10. HavandwaIuRUAaLduruAUInatsvasederludnitn

nsldndwesuiuluemsiisziu 0, 4 uax 8 Wefldud nuin ldsmareldusinugudnatsese Torzludnitn
1A nszimedin nsziwnzw dudeu Au dlddndudu dldidndrunans dldidnduring TdRsnudie 147
Aun Laganldlve (p>0.05) (Table 11)

Table 11 Effect of crude glycerin on the diameter of organs in poultry

Crude glycerin (%)

ltem SEM p-Value
0 4 8
Crop (mm) 23.63 22.84 24.58 2.28 0.8655
Stomach (mm) 11.05 11.09 13.06 1.50 0.5178
Pancreas (mm) 3.28 3.61 3.68 0.32 0.6575
Gizzard (mm) 26.16 24.96 27.20 2.83 0.5769
Duodenum (mm) 10.088 9.36 11.01 1.12 0.1749
Jejunum (mm) 9.24 9.84 8.35 0.56 0.1942
Ileum (mm) 8.72 11.11 9.41 1.33 0.4401
Left cecum (mm) 4.86 4.32 4.46 0.42 0.6520
Right cecum (mm) 3.92 4.08 3.65 0.46 0.8019
Large intestine (mm) 5.88 6.87 5.84 1.03 0.7314
N1358AUI18HA

nMsAnwINsIEnaweTuRURSEAU 0, 4 waz 8 Westdus wuin lidwadednsinisasyaulnveslnlugiag
4 4 8 Uansivaan1snnans SsdenndasiunuiTeues Boonwone et al. (2013) Anwinsldndwesuiuiiszau
0, 25, 5. 7.5 Wesidus luemsliiiosensuasunlasvesiiming Usinunisaue s Ussansaimnsly
9115 Wazsnsnsasaiulavesinnszne wul Ysinamsiuldlifinnuuendiaiu (p>0.05) agrslsAnm nsld
nawesuRuTiszsu 8 WeRdudludunid 2 vesnisvaaes wut samnsasyiulnmdsie fulvsinuanasesis
Hud1Agyn9aif (p<0.05) Lﬁaamﬂﬁmmﬂﬁma%‘uﬁLﬁuqﬁyml,aﬂ?’j’maiuldLﬁﬂ%’aﬁLLmIﬁuﬁé’mwmimﬁau
m‘miLﬁuﬁwwﬁﬂﬁaqﬁummiﬂﬁaEJ uenNLSein1sAny1ves Settapong (2013) eauiilludisengd 2-3
&Unnei AldFundiweiudiv 10 Wesidud fusinamsiuldivesensiigenitngunisnaassduseaiidoddyma
adf (p<0.05) gndlsfinnu Usz@ndamnisesaiulnlifinnuuwananeiu (p>0.05) lnglilutweny 4-7 dUanv
fldsvemsnanndlweiuiu 10 Wesiud fumansiuldvesemsuazuszanamnsiasauivlnganiings
nsvnaesduegiifuddymsedia (p<0.05) ulinuaruuansslungunismeaesilésuensilindiveuud
sEfU 0 wag 5 Wesidud egawsiuveslalutieny 27 dUavi nud1 nquitld$uemsnaundiweTudu
10 Woesidus dusunaunsiuldvesemsuazUszdninimnisasgiiulainiingumuaues 1siveddgvnsaia
(p<0.05) Lwﬂu'wummLLmﬂm"1WINaﬁﬁivmwﬂa'uﬁléf%’ummwauﬂﬁ'Leua%'uﬁu 51Wesidud uazngueiuAy
(p>0.05) ) 9819l5Amu Silva et al. (2012) ﬂﬂiﬁ’]ﬂ’]ﬂ?jﬂalﬁljaiuﬁu‘lﬁuﬂ‘u 0,25,5, 7.5 uay 10 Wosidusd wui
umuﬂamma gnsnsiulaneiu uay amwmsmaauam’mﬂuumuﬂm aussanmnisuanlanesulaiina
uansnaiy Fadulvluwuimaieddu silva et al (2019) isenuin mataiundweiuavlugasonslaifissfu
0, 2.0 uag 6 Wodud thuiindaifiugy LLaxﬁwwﬁﬂqmﬁﬂEfluwamimaathﬁmwmmnmﬂﬁu (p>0.05) yonani
Topal uaz Ozdogan (2013) uuzalildndiwesudisyau ¢ uwas 8 Weosdud lunsidedadedus 0 81 21 u
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losmimdndufiutuessasnsdsuemaduihming ity sgrdlsfinuiinsfnsnsidndiseiuiuiie
naunuslnafisedu 0, 5, 10 uay 15 Wodidud wui lidwadeUszansamnisaigiivle nsgesls dmitn
91y nandnen sluienmisiunaigyeimisvedla Sso1ananilaaindwesuainnsaldlane 15 wWesiGud
(Carvalho et al., 2024)

TudrwreansinwinisldndweIufudenissesldvesinvuziasndanuiiszdu 0, 4 uas 8 Weodidudluamns
wudn Lidmadensgesladiuiaweaingquita Wsiuneu dunieing uazndsusiu deliaenadosy
Sopian et al. (2019) AnwiranslindiweTuivlugnsemmsderndanuuasdulsyaninisdeslélindiweiumu
uANFNafY 3 sEAU Ae 0, 5 waz 10 Wesidud wuin msldfsedu 10 Wesldud Tugnsemns lufinaviliien
wunveladiusing Smquits Wsiu Sundetng wazwdanusiuunnsneiy (p>0.05) uinsldlugnsemis
10 wWodldudt fnavinliliunsdirdulszaviveamsgesldfiusnguesluiugaini nguamunuegreiifeddgmis
aaf (p<0.05) vgslsfiny msldndwesufvansaldnuldas 5 Wesidus lneldfinaserduusyaninsdoslai
U5INQ V830115 Tmmamswwaqmﬂ%mﬁLezja%'uauﬁmﬂ%uiummﬁawLﬁaﬁaaﬁmszmumiaﬂ%mﬂﬁwa%'uuaz
mMsuunveadulaedunanisdesldvesnagesuiimudu uenaninmsiiundiwesuluemserailvdnsld
Uslewdldlifuussasnmdeliludiunadinntu deswiniinnrudufveseulss sgrdlsfimuanuans
Tunsdesldvesemsdildsudnsnannog it sefunisléndieeiu uaraunmdndae uazainmsfnm
WU ﬂﬁwfﬁuﬁuﬁLﬂuwéﬂwé’muﬁw%’uﬁmﬁﬂﬁmi'ﬂ'a8151’33& TnedAmdnuildusyleniladaus 3,069
4,839 Alawnasdseilansy (Batista, 2010) uaﬂmm’fﬂﬁLszja‘%'uﬁﬁmﬂlﬁ%’ﬂuisé’qusﬁﬂﬂg{'miﬂa&é’ﬁamaq
\esanndweTuazgnininaigye1esinid Tnendweseadnlngjazgnivasuidunglaaludy dendivesea
funumdrdglunisraigynasuvessnelasnisasianglalumdanasnisasisludu (Lammers et al,
2008) wazluaruvesnsldndweIufunaumundadilnadenisdsuulasssuumaiuesdnidndiszsu 0, 4
way 8 Wosidusd wuin Tunisldndwesuiuiisedu 4 uay 8 Wesidud lldwansenusonszinzus duseu Au
aldEndudu fldidndrunans flddndruvans Tdhwude TERwuen wasaldlveg egraliteddynsada
(p>0.05) wazuenmitenniudmuin msldndweiuiviiseiu 8 Wesidusdmalidldidnanudareiinnueiy
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dwililddndumelivuneiisniunnnafunfiweiulussiuiigiu Ssaonadastuauideves Ozdogan
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ANEARY: INAUB AN IULTR BRTINTNENAR tnTtudles
Abstract

The objective of this study was to investigate the effect of vitamin E supplementation on semen quality
and fertility rate in Thai native chickens. The experiment was divided into two parts as follows: Part 1: The
effect of dietary vitamin E supplementation on semen quality. Twelve Thai native roosters aged 1-2 years
were used. Semen was collected twice a week for 12 weeks. The roosters were divided into three treatment

groups receiving dietary vitamin E at levels of 0, 50, and 100 mg/kg of feed. The results showed that forward
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motility, sperm viability, and semen concentration were significantly higher in all vitamin E-supplemented
groups compared to the control group (p<0.05). The percentage of abnormal sperm was significantly lower
in all vitamin E-supplemented groups (p<0.05). Moreover, the semen volume was highest in the group
supplemented with 100 mg/kg of vitamin E. Part 2: The effect of dietary vitamin E supplementation on
fertility rate. Thirty-six Thai native hens aged 8-12 months were used. They were divided into three
treatment groups receiving vitamin E at levels of 0, 50, and 100 mg/kg of feed. Each group was inseminated
with semen obtained from roosters that had been supplemented with the same level of vitamin E. The
study found that the fertility rate and hatchability of fertile eggs were significantly higher in the group
supplemented with 100 mg/kg of vitamin E (p<0.05), while the percentage of embryonic mortality was the
lowest. In conclusion, the results of this study indicate that vitamin E supplementation enhances

reproductive performance in both male and female Thai native chickens.

Keywords: Vitamin E, Semen quality, Fertility rate, Native chicken
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1. auniidovaslifuiios
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nawdouiluihaiuasanududureninteveanduiiatuiisesu 100 fadnduselaniuewns fenunnitan fo
84.50+0.93 1WasL9ud way 825.76:0.56 d1udsofiadans mudrdu waldunndnsfudunguiliasuiisedu
50 fadnusieAlaniuenns druogdfTinvesnquillaiuiisedu 50 fadnfudenlaniuesns dArunniian Ao
96.79+0.37 Wosldud udliunnsnafunguillaiudisziu 100 dadnsusenlaniuems wazeadsusieiiaunives
nauilaiufiszdtu 50 fadnsusenlaniuewng fedesfiandleieutundudu (p<0.05) uenanismudn Ysunms
vosiudevedinfiuiiomnauiiaiuiniudisesu 100 Sadnsudedlaniuems Suszanuanniian fo 0.54+0.02

o

198805 599031AD NqUAIUANLATNENTERUTISEAU 50 Tadnsusanlansuevns aua1iu daandlu Table 1

Table 1 Effect of vitamin E supplementation on semen quality (Mean+SD) of native chickens.

) Semen
The level of Progressive Abnormal ) ) Semen
) ) - Live sperm concentration
vitamin E motility sperm . volume
(Percentage) (Million sperm o
(mg/kg feed) (Percentage) (Percentage) . (Milliliter)
per milliliter)
0 75.92+1.26 11.54+1.01° 90.73+0.42° 785.97+0.35" 0.46+0.01°
50 81.82+0.75° 6.47+0.39° 96.79+0.37° 820.86+0.65° 0.41+0.01°
100 84.50+0.93° 9.86+0.45° 94.0040.62°" 825.76+0.56° 0.54+0.02°

Note: *® < Means with different superscripts in a column differ significantly (p<0.05).
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2. mansufaluldiudios

miﬁwﬁﬂL%asuaﬁldﬁuLﬁaaWaﬁuﬁﬁiﬁ%’umiLﬁ%ﬁmﬁuﬁsxﬁu 0, 50 wag 100 Jaansusanlansuennns unlalu
nawantedlfuudiugiiofnusmmmanauinleUssduanesidudliide ldbifide waylddoms (Figure
1) pnmsnnud Weddudledidovesliuiiusildsunmannindeliwerugilasunsasiiniua g
ninguitliiady (p<0.05) Insnsiaduiisesiu 100 fadnsusenlaniue1ms drunniian Ao 93.33+0.50 Wesidust
urlsumnsnsfufunsasufiseiu 50 Sadnfudedlansuonmns duesdudldlifideunslddonmenuin nmanay
Mntideveslineiugilésumaaiiiniiiudiissdu 100 fadndudedlaniuoims detesfigadefsuiungs
3u 9 (p<0.05) Fuuanslu Table 2

Table 2 Effect of vitamin E supplementation on fertility rate (Mean+SD) in native chickens.

The level of Number of dead
Number of Number of fertile Number of infertile
vitamin E fertilized eggs;
€ggs eggs; Percentage eggs; Percentage
(mg/kg feed) Percentage
0 29 24; 82.76+0.82° 5; 17.24+0.50° 4; 16.67+0.82°
50 36 32; 88.89+0.82° 4, 11.11i0.82b 4; 18.18+0.00°
100 30 28: 93.33+0.50° 2; 6.67+0.58° 5; 15.52i0.50b

Note : - *“ Means with different superscripts in a column differ significantly (p<0.05).
- Dead fertilized eggs, calculated by dividing the total number of dead fertilized eggs by the total
number of fertilized eggs, then multiplying by 100.

—

(A) Infertile egg (B) Day 3-7, fertile egg  (C) Day 15-20, fertile egg (D) Early embryonic death
Figure 1 Candling of eggs after 7 and 18 days of incubation was performed to assess the fertility rate.

dwsudnnmsitneeniludnsnisitnesnainlafidevisvun wuin liinlaanmswauiisnainingovese
v Ay vo a a A ada o A a o 1 a o | o A o a 2
WugAldsun1siasuindudisedu 100 fadnsudenlansueims dwaliladfinddnsinisfinesnuiniign Ae
85.19+0.31 Wasldud seaunfonisiaiunseau 50 dadnsuselaniue s waznquitliiasy lnedawindu
81.82+0.19 Uay 78.57+0.47 WUasliud aua1diu (p<0.05) Asuanslu Figure 2
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Hatchability rate
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Figure 2 The effect of vitamin E supplementation on the hatchability rate in native chickens.
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Tag Abd El-Ghany (2022) l#nan131 3mfiudifuansinueyyadaseifiuszansamm anunsanszdunsvinues
szuugduiuld mndniaeduimduslituldmadeluiisngdoutranmnsotisanauedon viliauamlidty

daalvimslinandnuwazannmlufifunudiv aeaadosiu Liu et al. (2019) T5180u3 MsiESuIndudisedu

v
Y o

30 1U siedlansuems luldvidlilursdivanaiuipsenuasinlinsvinnuvesssuugiAuAuRTY




MsasinuasAansiazmvalulad ans.da1u | U9 6 avufl 2 wgunia - Beniau 2568

unagu

NNSANYT WU NseRInTudNsedu 50-100 fadnsusenlaniuoms dwaliiheliiudedamuning

e

‘LJ WﬂiﬁﬂuL‘WﬂLlI‘EJﬂ’lﬁLﬁﬁlJ’m’ﬁJu@Vﬁ”@U 100 fadnsusonlaniuenns lulidnsnsnaufaLaznisinens

=b. 2

g w mmwuwmaaﬁummimmﬂswmﬂwmﬂam ’mmuaumumaquﬂiwawﬁmwmumiauwuﬁmaalﬂwumm
Naneuwazinelily LLauENﬂﬂ’n%JiWVLW\Hﬂmiﬂﬂ‘tﬁﬂuﬂiﬁumL‘UWUEJJJB‘VILﬂuﬂiiﬂ%‘ﬂuﬂﬁuﬂﬂUiu‘ﬂﬂﬁﬂ‘mwmwu
JEAND

[l

mmnamsiviiuguesdniviindusioly

AnNANIsuUszNIA

v
[

YavouRnUnTINEIdemaluladnvanany Tuesniilimuativayunideluasal

LBNE15919D4

Abd El-Ghany, W. (2022). Vitamin E and its impact on poultry production: An update. Journal of the
Hellenic Veterinary Medical Society, 73(1), 3571-3582. https://doi.org/10.12681/jhvms.25836

Abioja, M.O., Apuu, S., Daramola, J.O., Wheto, M., & Akinjute, O.F. (2023). Semen quality and sperm
characteristics in broiler breeder cockerels fed vitamin E during hot season. Acta Scientiarum.
Animal Sciences, 45, 1-9. https://doi.org/10.4025/actascianimsci.v45i1.56848

Amevor, F.K, Cui, Z., Du, X,, Ning, Z., Shu, G., Jin, N,, Deng, X., Tian, Y., Zhang, Z., Kang, X., Xu, D., You, G.,
Zhang, Y., Li, D., Wang, Y., Zhu, Q., & Zhao, X. (2021). Combination of quercetin and vitamin E
supplementation promotes yolk precursor synthesis and follicle development in aging breeder
hens via liver-blood-ovary signal axis. Animals, 11(1915), 1-24. https://doi.org/10.3390/ani11071915

Amevor, F.K, Cui, Z., Du, X., Ning, Z., Shu, G., Du, X,, Jin, N, Deng, X, Xu, D., Tian, Y., Zhang, Y., Li, D.,
Wang, Y., Du, X., & Zhao, X. (2022). Dietary quercetin and vitamin E supplementation modulates the
reproductive performance and antioxidant capacity of aged male breeder chickens. Poultry Science,
101, 101851. https://doi.org/10.1016/j.psj.2022.101851

Barnes, D.A,, Thurston, T.R., Scott, T.R., & Korn, N. (1996). Effect of added spermiophages in pooled turkey
semen on fertility, embryonic mortality, and hatchability. Poultry Science, 75(7-9), 943-948.
https://doi.org/10.3382/ps.0750943

Birkett, J.R. (1981). Preservation of the fertilizing capacity of cock semen incubated In Vitro. At 41 °c.
Poultry Science, 60(5-6), 1075-1078. https://doi.org/10.3382/ps.0601075

Biswas, A., Mohan, J., & Sastry, K.V. (2009). Effect of higher dietary vitamin E concentrations on physical
and biochemical characteristics of semen in Kadaknath cockerels. British Poultry Science, 50(6), 733-
738. https://doi.org/10.1080/00071660903264369

Chantalakhana, C. (1997). Experimental principles. Statistics, analysis methods and research design.
Department of Animal Science, Faculty of Agriculture, Kasetsart University. (In Thai)

Danikowski, S., Sallmann, H.P., Hallo, I., & Flachowsky, G. (2002). Influence of high levels of vitamin E on
semen parameters of cocks. Journal of Animal Physiology and Animal Nutrition (Berl), 86(11-12),
376-82. https://doi.org/10.1046/j.1439-0396.2002.00396.x


https://doi/
https://doi/
http://dx.doi.org/10.3390/ani11071915
https://doi.org/10.3382/ps.0750943
https://doi.org/10.3382/ps.0601075
http://dx.doi.org/10.1080/00071660903264369
https://doi.org/10.1046/j.1439-0396.2002.00396.x

MsasinuasAansiazmvalulad ans.da1u | U9 6 avufl 2 wgunia - Beniau 2568

Donoghue, A.M., & Donoghue, D.J. (1997). Effect of water-and lipid-soluble antioxidants on turkey sperm
viability, membrane integrity, and motility during liquid storage. Poultry Science, 76(10), 1440-1455.
https://doi.org/10.1093/ps/76.10.1440

Gore, A.B., & Qureshi, M.A. (1997). Enhancement of humorol and cellular immunity by vitamin E after
embryonic exposure. Poultry Science, 76(7), 984-991. https://doi.org/10.1093/ps/76.7.984

Hemly, N.LM., Zainuddin, N.N., Muhammad, A.l., Chwen, L.T., & Samsudin, A.A. (2023). Supplementation of
different sources of selenium on laying performance, egg quality traits, and shell calcification
expressions in 50 weeks Lohmann Brown layer hen reproductive tract. Veeterinary Integrative
Sciences, 21(3), 677-692. https://doi.org/10.12982/VIS.2023.049

Horwitt, M.K. (1986). The promotion of vitamin E. The Journal of Nutrition, 116(7), 1371-1377.
https://doi.org/10.1093/jn/116.7.1371

Khan, R.U. (2011). Antioxidants and poultry semen quality. World’s Poultry Science Journal, 67(2), 297-
308. https://doi.org/10.1017/50043933911000316

Khan, R.U., Rahman, Z.U., Javed, I., & Muhammad, F. (2012). Effect of vitamins, probiotics and protein on
semen traits in post-molt male broiler breeders. Animal Reproduction Science, 135(1-4), 85-90.
https://doi.org/10.1016/j.anireprosci.2012.09.005

Laopaiboon, B., & Duangjinda, M. (2012). Thai native chicken: Past, present and future. Khon Kaen
Agriculture Journal, 40, 309-312. (In Thai)

Lertsansiri, K., Haitook, T., Khammeng, T., & Phaengphairee, P. (2015). Effect of raising systems and
locations on reproduction performance of native chickens in rural condition. Khon Kaen Agriculture
Journal, 43(Suppl. 1), 20-25. (In Thai)

Lin, Y.F., Chang, S.J.,, & Hsu, A.L. (2004). Effects of supplemental vitamin E during the laying period on the
reproductive performance of Taiwan native chickens. British Poultry Science, 45(6), 807-814.
https://doi.org/10.1080/00071660400012717

Lin, Y.F., Chang, S.J,, Yang, J.R, Lee, Y.P., & Hsu, A.L. (2005). Effects of supplemental vitamin E during the
mature period on the reproduction performance of Taiwan native chicken cockerels. British Poultry
Science, 46(3), 366-373. https://doi.org/10.1080/00071660500098186

Liu, Y.J., Zhao, L.H., Mosenthin, R., Zhang, J.Y., Ji, C., & Ma, Q.G. (2019). Protective effect of vitamin E on
laying performance, antioxidant capacity, and immunity in laying hens challenged with Salmonella
enteritidis. Poultry Science, 98(11), 5847-5854. https://doi.org/10.3382/ps/pez227

Lukaszewicz, E. (2001). Effects of semen filtration and dilution rate on morphology and fertility of frozen
gander spermatozoa. Theriogenology, 55(9), 1819-1829. https://doi.org/10.1016/50093-
691X(01)00524-6

Mangiagalli, M.G., Bava, L., Toschi, ., Roveda, P., Vezzoli, G., & Castrovilli, C. (2004). Effect of addition to the
diet of linseed oil and vitamin E on semen quality in cock. Rivista di Avicoltura, 73(1), 38-40.

Pimcomelai, O., Prapasawat, C., & Leotaragul, A. (2006). Production performance of native chickens in
village. Journal of Agriculture, 22(2), 171-177. (In Thai)

Rengaraj, D., & Hong, Y.H. (2015). Effects of dietary vitamin E on fertility functions in poultry species.
International Journal of Molecular Sciences, 16, 9910-9921. https://doi.org/10.3390/ijms16059910

Sexton, T.J. (1977). A new poultry semen extender, effect of extender on the fertility of chicken semen.
Poultry Science, 56(5), 1443-1446. https://doi.org/10.3382/ps.0561443


https://doi.org/10.1093/ps/76.10.1440
https://doi.org/10.1093/ps/76.7.984
http://dx.doi.org/10.12982/VIS.2023.049
https://doi.org/10.1017/S0043933911000316
https://doi.org/10.1016/j.anireprosci.2012.09.005
https://doi.org/10.3382/ps/pez227
https://doi.org/10.1016/S0093-691X(01)00524-6
https://doi.org/10.1016/S0093-691X(01)00524-6
http://dx.doi.org/10.3382/ps.0561443

MsasinuasAansiazmvalulad ans.da1u | U9 6 avufl 2 wgunia - Beniau 2568

Sriboonlue, P. (1997). Vitamins and coenzymes. In P. Sriboonlue, S. Wongkham, P. Boonsiri & P.
Koonanuwatchaidet (Eds.), Biochemistry textbook. Department of Biochemistry, Faculty of Medicine,
Khon Kaen University. (In Thai)

Surai, P.F., Kostjuk, I., Wishart, G., Macpherson, A., Speake, B., Noble, R., lonov, I., & Kutz, E. (1998). Effect of
vitamin E and selenium supplementation of cockerel diets on glutathione peroxidase activity and
lipid peroxidation susceptibility in sperm, testes and liver. Biological Trace Element Research,
64(1-3), 119-132. https://doi.org/10.1007/BF02783329

Surai, P.F., Kutz, E., Wishart, G.J., Noble, R.C., & Speake, B.K. (1997). The relationship between the dietary
provision of Ol-tocopherol and the concentration of this vitamin in the semen of chicken: effects on
lipid composition and susceptibility to peroxidation. Journal Reproduction and Fertility, 110(1),
47-51.

Surai, P.F., Sparks, N.H.C., Speake, B.K., & Cerolini, S. (2005). Dietary fish and evening primrose oil with
vitamin E effects on semen variables in cockerels. British Poultry Science, 46(2), 214-222.
https://doi.org/10.1080/00071660500065839

Tangtaweewipat, S., Cheva-lsarakul, B., Panyachatraksa, K., Panyavi, S., Nachiangmai, P., Sangdacruang, S., &
Sirisrisawut, B. (2004). The production improvement of native chickens: commercial production
system. Complete Research Report. Chiang Mai University. (In Thai)

Voorst, AV., & Leenstra, F.R. (1995). Fertility rate of daily collected and cryopreserved fowl semen. Poultry
Science, 74(1), 136-140. https://doi.org/10.3382/ps.0740136

Zanini, S.F., Torres, C.A., Bragagnolo, N., Turatti, J.M., Silva, M.G., & Zanini, M.S. (2003). Evaluation of the
ratio of omega6 : omega3 fatty acids and vitamin E levels in the diet on the reproductive
performance of cockerels. Archives of Animal Nutrition, 57(6), 429-442.
https://doi.org/10.1080/0003942032000161072


https://doi.org/10.3382/ps.0740136

MsEsnuAsAEnsLaznalulad ans.8a1u | Agriculture & Technology RMUTI Journal

]
v

U7 6 avuil 2 wgunAL — BaA 2568 | Vol.6 No.2 May - August 2025

Received: June 29, 2024; Revised: March 6, 2025; Accepted: March 31, 2025

UseanSnammeasasnidntasdanisaiuaulsanauunsaluglunanvaeiseuy
ﬁﬁmmqmmﬁam Colletotrichum gloeosporioides (CGD 5)
Efficacy of fungicides for controlling anthracnose disease on durian flowers

caused by Colletotrichum gloeosporioides (CGD 5)
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Jogmnmsunsszuinvedlsauouunsalualunenyiseuaseanudeneeg ngunssliiuinunsnsgugnniseu
agaun mszvihlinenySeuniuarsimay Wifiana dwalnenswionandnndeu S1dudeanisnisdesiu
fdnlsaueuunselualunonyFou Tnsnuiteditagusvasfifiofnvssansnmmesanstdades 5 win fo
Carbendazim, Prochloraz, Hymexazol, Pyraclostrobin tia ¢ Difenoconazole + Azoxystrobin # 8n115A7U GEY
\dem Colletotrichum gloeosporioides anvalsauauwnsalualunenyifou Fusunnuenidonanalsaandsu
panN Lo kansonisveslsn ndsainuenid esuazdadiuunnisialuianauda nuan ud o
C. sloeosporioides 37uau 5 lolgtan Ae CGD1, CGD2, CGD3, CGD4 uay CGD5 mounlanagaunisiialsniunen
W3bu 2 szey Ae Warila uavaenindes nud lelsian CGD5 AelmiAnlsasuussiiands 100 Wefdud andu
npdeufua1sfindos 5 wia #e33 Agar well diffusion Wuin Carbendazim wag Prochloraz #1150AIVAL
031 C. gloeosporioides (CGD5) l¢Uszanm 75-80 wWodidus LﬁaﬁwLfgaa%mimﬁmaauﬁ’umiﬁﬁmL%yaiw
Prochloraz desneldngesganssal wupnuinunfveaduly ddnwareinisuinuazveIeaen Aamsdadeniin
sUs13 Tngasunantsnnasmsldarsiiades Carbendazim wag Prochloraz wngauiaaiioziuldlunis
munslsaueuunsaluaiifnduaenySeu

ANEARY: @13MANETT Lsakauunsalua 1Wes Colletotrichum gloeosporioides Aonyiseu

Abstract

Anthracnose disease in durian flowers has severely harmed farmers. The disease can cause durian
flowers to dry out and fall off, leading to a direct impact on durian production. Therefore, it is essential to
find preventive measures that can help reduce the problem of anthracnose disease in durian flowers. This

research aimed to study the effectiveness of five types of fungicides: Carbendazim, Prochloraz, Hymexazol,
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Pyraclostrobin, and Difenoconazole + Azoxystrobin; in controlling anthracnose disease in durian flowers
caused by the fungus Colletotrichum gloeosporioides. The fungal pathogen was first isolated from durian
flower that showed the symptoms of the disease. After isolating the fungus and conducting molecular
classification, it was identified as the fungus C. gloeosporioides, with five isolates namely: CGD1, CGD2, CGD3,
CGD4, and CGD5. These were then tested for pathogenicity on durian flowers at two stages: the "bracelet"
stage and the "yellow flower" stage. Results indicated that the CGD5 isolate caused the most severe disease,
with an infection rate of 100%. Subsequently, tests were conducted with five types of fungicides using the
agar well diffusion method. It was found that two fungicides, Carbendazim and Prochloraz, effectively
controlled the C. gloeosporioides, inhibiting the growth of the pathogen by approximately 75-80%. When
the pathogen treated with Prochloraz was observed under the microscope, abnormalities in the fungal
hyphae of C. gloeosporioides (CGD5) were noted, showing swelling, expansion, and distortion. In conclusion,
the experiment determined that Carbendazim and Prochloraz are the most suitable fungicides for

controlling anthracnose disease in durian flowers.

Keywords: Fungicides, Anthracnose disease, Colletotrichum gloeosporioides, Durian flowers
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ﬁﬁuﬁﬁunﬁauﬁiﬁmamam 1,057,574 13 l@nananUszann 1,476,174 fu uaznanansials 1,396 Alansy utuann
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Economics, 2023) Tnsyi3suazdinmaimgugnunniigalufiuianang fusenvesussmalne dun Sminszos
JUNYT warnsA (Ek-Amnuay, 2021; Office of Agricultural Economics, 2023) Tuiluisanindanainunsnsdang
diufiufinismeugnnFewnntu dwalfanmnedonianumngausomainlsafitluyFounniunulude
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Fozifunniy wWuieatu Lsafivlunoududutgmadylunisndabidusuaiismeneaudoin1sves
Fuilaa Falsafiviasrsmnudemelifuinumsnslutiagiuffoguanvanesiia 1wy Tsasinuwilauwi vy Tu
Aaratt nansae wazluge usiu (Ek-Amnuay, 2016) uazluvazifeaiuids wuin Ienunisunsszuiavedlse
wouunsaluafidwiraeudnaduvenenyiSeuldnnszey (9 szer Ae 1. svozlavan 2. szovany 3.5zovmien
funy 4.svevuzdonnseu (M3eszuznizay) 5sveudaundonds 6.5zeziila 7.5sezneniviier (M3oszazaen
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Figure 1 Anthracnose disease of durian flower: A) Development of durian flowers after infection begins from
the pre-bloom stage to the post-bloom stage and B) Symptoms include flower desiccation and

abscission, causing them to fall to the ground

n1smegaunsna iinlsalunanyiseu (Pathogenicity test)

thifles C. gloeosporioides anvalspuauunsaluaildannisuentonasdnduunluszdudluana S
5 lelaan fim CGD1, CGD2, CGD3, CGD4 way CGD5 lnewm3esndu Spore suspension Asdndu 1x10° alasne
ladans mﬂﬁu’um‘%amaﬂwSsmiﬂaﬁ’ﬂLﬁaﬂﬂaﬂwﬁauﬁé’ﬂzjmuﬁmﬁ (iuHgﬁﬁﬁ’leaLLauquJuﬂﬁﬂL‘Vi%@\‘l‘Vl%EJ@E]ﬂ‘UTJ)
(Figure 2 A-C) TNNUNITNAABDILUY Completely Randomized Design (CRD) §1u3U 5 N35335 98y 3 sm 1nen
VlLiEJ‘LWN 2 3oz Sreldlunuududondorwin 9 wufwns 91uaz 3 aon s ndudanualesid o
C. gloeosporioides wsiazlalewan adluusinmduvawmenliimen Usina 1 fadanssonen mnwﬂamaf’qum
duindendlilusuiaiioanmwndeslimngaudenininlsaduaenyidou Iadamuemsdsade tufinua
msnpaedlasdanaaniesiduinisialsaiinuuinaneniuanteinisveslsaweuunsalua fuuaszdunisiia
Tsa 4 sedfu fail sedu 0= limuornisvedlsaiinen, 1= iAalsnfidunenuinuniuaenuargiuvesneniiugnd
thamaguinidn 25 Wedidud, sty 2= aenifugedinawuinlvg) 26-50 Wesidud, sz 3= roniBunuiduls
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ﬂy a |lﬂl ! a 5§ < (3 U 1 v 4&1 a
VDUTDINITYOYNAINTRINAUNBNLATEIUAEN 51-75 Wosldud uagsydu 4 = aennhmuidulewosasyunagy
Vhvisnen 76-100 Wasidus lnamuiunuguuwsswaslsa Disease severity (% DS) fumoluil (Eq.1)

Disease severity (%) = ¥ (F1UIULNATIAIUIDIABN x T¥AUAINTULTIUBILIA) x100 (Eq.1)
FIUIUUHATIIVIHA X TEAUANLTULTIVDILIAGIER

AL

2
N

g ) e (B)

Figure 2 Durian flowers used in the experiment at both stages: A) Durian inflorescences with no visible

symptoms B) Bracelet stage and C) White flower stage or yellow flower stage

Uszdvdnmvasmsldansidnitendenisaauauilien C. gloeosporioides amglsauauunsaluglunonvas
NiFeu
AsNARUYTE AN MNURIEN STt 5 vl A Carbendazim, Prochloraz, Hymexazol, Pyraclostrobin

uaw Difenoconazole + Azoxystrobin Tunisauauidiest cas duduleluaniinelhiAnlsaguussiigaanms
nagounsneliiinlsaueuunsaludlunonyideu (Pathogenicity test) lnsi3unmaldsationauglsauouusn
Tua CGD5 psanavauensieate Al 2 fu seruninduleventesialyeenin aun 2 wuiwns deld
YU nTifoen131E Cork borer 1uIA 0.5 LURINNT LAIEVALEWMITIINUINAVOULBI LI TLABIU T2 L5
wuRms neleduu 6 valvidvunavstuneuszanu (Figure 3) iilawdsulidmsunenansmidndes s
5 wila MldnToudorvansidndeslidu stock solution 1uds $1uau 6 sesuamandudu fe 0, 20, 40, 60,
80 uaz 100 WWesidud neanquaz 20 lulasdns 1nea19ukun15naasdkuy Completely Randomized Design
(CRD) Usznou 5 ns3uds 9 ax 5 1 siail

N353 1 Carbendazim + Wes1 CGD5

n353357 2 Prochloraz + 1831 CGDS

n551337 3 Hymexazol + 1951 CGD5

593337 4 Pyraclostrobin + {031 CGDS

591357 5 Difenoconazole + Azoxystrobin + L%aiﬂ CGD5

Hufinnansnaasdaenisinnisaiyvedulodos CGD5 Masyndunsnatswemiuesasuteluds
nauitldnenaslunn 4 anududuvesansidadonits 5 viia (Maasyivlaveaduls (sufiune) = N3
LﬁﬁyLﬁuimaqt,é’ﬂmau%ammLmiﬁﬂiul,l,@iazﬂsimiﬁ/ﬁflmusgwﬁgwm) (Eq.2) N1-N5 = nmstaseysaulavesduly
%QQL%aiWﬁWLMQIiﬂ (ﬁﬁmusgﬂ); 5 = SMUT WL

(Ny + N, + N; + N, + Ng)
5

(Eq.2)

wazAnaUeIduinsdudimsasguesdule@oslisuiisuiunssuisy 1 Carbendazim + W31 CGD5
Aaialuil (Eq.3) D1 = vwadusuAudnatsvesdesanvslsalunssudsniunu; D2 = wnadusugudnansves



MsasinuasAansiazmvalulad ans.da1u | U9 6 avufl 2 wgunia - Beniau 2568

& aad A v o & a ¢ S o w ) a 6 1 aa ax ,
Wenawmlselunssisndeswiuiudenujing mntuhdeyainldluimszsiamieata 1ne38 Duncan's New
Multiple Range Test (DMRT) fisgsiuanuniiosiu 95 wWesidus wagaignm

D, —D Eq.3
12 100 (£q.3)

D,

100 20 %

Agar plug Pathogenic fungi

40 %
Dig 6 hole

Figure 3 Agar well diffusion method

NAN15998 WaznN15aAUusIeNa

msu,&mL%aﬁmmsﬂsmmuwiﬂ‘[ua

MnNMTueNieTanglsauuunsaluanaeniay anuatius Sneuzy Smindunys uaziiua
S gunevinvi Jmindunys AN1NsuENes Colletotrichum spp. b 91uau 5 lolgwan A CGD1, CGD2,
CGD3, CGD4 way CGD5 udu (Figure 4) Iﬂaé’ﬂwmLé’u‘[,aﬁﬁsunLﬁ@,asjwﬂ’]a’]mﬁt,gw,%a y9lalaian (CGD4
uaz CGD5) azwuahuﬂumaﬁuﬁ:ﬁé’mLﬁﬁylﬂmmauaémsmmwawmmmaLﬁyml,%a (Spore masses) L3 YLANII
oA sadeTun 7 Yu ndmindudedesldndesganssml wudiuvenewusSnuazadiomdatnas
(Conidia) fidla (Figure 4) \flensaaaeusziudlaianalagly Primer Tudiuves ONA ag/luyaa 500-600 bp (ITS5
Lay ITS4) AD primer TS5 (5’-TCCGTAGGTGAACCTGCGG-3’)-ITS4 (5’-TCCTCCGCTTATTGATATGC-3) NS
Fias1e9 TS WSsuiisuiuid e Colletotrichum spp. aneusd u 9 awsadadiwunlddud wi 051
C. gloeosporioides 1 5 lolgian fa CGD1, CGD2, CGD3, CGD4 waz CGD5 &9 96-100 tWagidud aruasu
(Figure 5) @enndosiunuATeres Nuchnuanrat and Bunroj (2015) fidasuunidenanvelsaueuunsalua ¢
B 1S wuh Sauvmainide C gloeosporioides

CGD1 CGD2 CGD3 CGD4 CGD5

Figure 4 Morphological characteristics of C. gloeosporioides 5 isolate (CGD1, CGD2, CGD3, CGD4 and CGD5)

and conidia.
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#

C
CGD5

CGD1

CGD2

Colletofrichum gloeosporioides KX463022 1
C

C

c

c

0% 6%

olletoirichum gloeospornoides EF593328.1

olletoirichum gloeospornioides GH270326.1
GD3
olletoirichum gloeosporioides F2J2 11

Figure 5 Classification of C. gloeosporioides (CGD1, CGD2, CGD3, CGD4 wag CGD5) phylogenetic tree obtained
from the analysis of the nucleotide sequence in the ITS by Maximum Likelihood (ML) on MEGA

11.0 configure bootstrap analysis to value equal to 1000

n1svegaunIsna ikinlsalunanyiseu (Pathogenicity test)

NMInaaaunsnelviinlsalunenniieu (Pathogenicity test) Ineuiiasn C. gloeosporioides a@111nlsA
wouunsAluafiIuNITHENWaLazIndLunluseauTluana 91uau 5 lelawan As CGD1, CGD2, CGD3, CGD4
waz CGD5 ANUEIAY UIMAFDUAUABNISHUNG 2 S8 fip Szaviiilauas szugnonndemsanany1l Wuinees
C. gloeosporioides %4 5 lolaian anunsanaliiinlsaduneniieuls lngluszeyianila Tunssudsi 5 Augn
Wos1 CGD5 Tesidudnsiinlsauiniiandie 100 Weosidud fwusdyiwsnveinisnaass (3 Tundanisugnide)
JunseriaiugaTheresnsmaaed (9 Jundinisuanide) suilufuuliuveaveiidudanusunsawedlsandulyly
famadeiuiuesidudnisialen Inglugausnuesnisugnide nuwesidudainugunsweddse Wity 84

s & & Py ' iy I ' s & & a X = ¢ & &
Wesidud uasilloszezianruluauduganismeasiinuii Wesidudausuusswadsaliiuglui 100 wWeasidud
(Table 1; Figure 6) s9%aew1/® N35W3aN 3 Ugnide CGD 3 inuesidusinruguussvadlsa wiiu 82 wWesidud
dnlunssudsa 1, 2 wag 4 nuesidudnisiiinlsn windu 80 wWesidus wazanusuussvaslsaeglugg 52-60
Wosidud mudiu aenrdesiunuideves Wang et al. (2024) nageaunisiialsauouunsaluaiuaandy wuii
a1 C. gloeosporioides 310 32 lolatan awnsansliinlsaguusilags 100 Wosidud

druluszyzaonudoinsanant11 WUINTeIY C. gloeosporioides 14 5 lalgian amisaneliiialsaiunen
niseuld Wuldlufiemadertuiunmsmeaeuiunenyieulussesiimla nanafielunssuidsn 5 Avgniiesn CGD5
a s & & a a & s 2 ¢ o N = & o Y] &
fwesiudnisiinlsauniigade 100 Wesidud AwudyiusnIuisduganisnaaes (3-9 Jundinisugnive) uay
Wesidwinnusuuswedlsafiazdanuduiusiuiuesidudniainlee Aelinnsimuiing@uns 56 Weosidud
UATU 100 Wesidud muadu (Table 1; Figure 6) d@iunssu3s 1-4 nuinfiesidudnsiialsreglugig 40-80

& @ 6 & @ 2 [l 1 & @ 6 o U
Woesidud wasiUesidudnnnuguusavedsa aglugie 32-52 wWeosldud muaau
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Bracelet stage

; 2
3 Day 5 Day 7 Day 9 Day

White and yellow flower stage

Figure 6 Pathogenicity test on durian flowers of C. gloeosporioides (CGD5) at 3, 5, 7 and 9 Day after

inoculation

Table 1 Pathogenicity test on durian flowers of C. gloeosporioides (CGD1, CGD2, CGD3, CGD4 and CGD5)

Treatments Disease incidence (DI)": Disease severity (DS) (%)
Bracelet stage 3 DAF 5 DAI 7 DAI 9 DAI
CGD1 20:12° 40:24° 60:32° 80:52"
CGD2 20:24° 40:24° 80:52% 80:60°
CGD3 60:32° 60:32%° 80:52% 80:82%°
CGDa 40:24° 40:32%° 60:48° 80:52"
CGD5 100:84° 100:92° 100:100° 100:100°
C.V. (%) 9.8 7.1 6.7 4.2
F-value * * * *
White and yellow flower stage 3 DA 5 DAl 7 DA 9 DAl
CGD1 20:6¢ 40:12° 40:32° 40:32°
CGD2 40:12° 60:24° 80:48% 80:52%°
CGD3 60:24°° 60:32%° 60:36" 60:36"
CGD4 40:24°° 40:32%° 60:32° 60:32"
CGD5 100:56° 100:68" 100:84° 100:100°
C.V. (%) 14.3 12.1 9.6 7.3
F-value * * * *

Note: 'Disease incidence (% DI) = [(0) no symptoms flower 0 %; (1) petal area and the flower base show
small brown spots 25%; (2) flower exhibits large brown spots. 26-50%; (3) fungal hyphae begin to
grow on the petals and the base of the flower 51-75%,; (4) rotten flower is completely covered with
fungal hyphae 76-100%)]

’DAI: Day after inoculation
*Means followed by the same English letter in the same column are not significantly different at
P<0.05 according to the Duncan's Multiple Range Test (DMRT)
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avasnsldamstdnidasdenisauauitas C. gloeosporioides (CGD5) annalsauauuvsaluslunanvas
38U

ANN1TNAEEUUTEANE NINVDIATANTALE 851 5 ¥iln Ao Carbendazim, Prochloraz, Hymexazol,
Pyraclostrobin Wag Difenoconazole + Azoxystrobin lun1saauaudes1 CGD5 anmglsauouunsalualuaen
yFou wuh astdndesiamnainsaniuauitos CoDSs tiunnsmaty Fimusdanduosidusinissudild
3 nau Ao naududage Uunans uazdesuiooraliaunsndudald Tasluarsridnides Carbendazim way
Prochloraz ungusudsgs Inefinaasyrendilounnmsiuiiuegifunnududuresansidaidion nanfe s
Winweaduleies CaD5 arananilorududuvesasiindosuiiutu Immﬁuwaﬁﬁmm]uéjuwimmLﬁusﬁu 60
Wesiiud Tuly Feilnsiasyueadule whifu 1 uay 0.9 wufuas auddu (Table 2; Figure 7) ndvntuiile
Usziflunadwlefidusnisdudnisiasyvesides caDs wuin wamimaaaaaﬂﬂaaaﬂummimimmaamﬂa
ﬂanﬂaaammmmummmﬂasLszjummiawqmimiw;uawuammsﬂiﬂﬂquqwu Tngluansidadon
Carbendazim wa Prochloraz wullesifusnissudinmsiasqiivlnvendos CGD5 gefign Wity 80 waz 75
Wosidus audiu denndesfun1s31891uvee Nuchnuanrat and Bunroj (2015) finadeuansiidad o3
Prochloraz waz Mancozeb #2833 Poisoned food technique @unsadudslads 100 Wosidus wavaruiseves
Mpeluza et al. (2023) nagouasinsnaesy awsadudinmsasyvendulevendosn C gloeosporioides 1
wnni 90 wedudud dauluansidndes Hymexazol Wungududsuunans wunmsiadguesdulades cops
wiﬁu 3 wuins wasdethudumadudefidudnssuds ansaduddldifies 25 Wesifud warluasindn
LEUEJS’I Pyraclostrobin &g Difenoconazole + Azoxystrobin Lﬂuﬂam&’mSﬂuaﬂwiaaﬁﬂimmmmEJUEleﬂ I@]Eﬂuﬂam
uﬁ] siiuimsaiyrendulevesdes CGDS Wiy 3.8-4.0 wufuns TndiAgerunssisemunuililildansida
Fov wanidlevsuiliufiavesifusnisduds wud Siesduimstudavintu 5 wWesdusd wisldwuesidusins
Fuda (Table 2; Figure 7)

n¥anduganisnasesiiidulevents caDs Tunnaududuvesansiidnidos 5 via fe Carbendazim,
Prochloraz, Hymexazol, Pyraclostrobin wag Difenoconazole + Azoxystrobin lﬂdmmﬂﬁﬂé’aqqammﬁtﬁa
FunannufinUnfivendulees wudn fiftesasidaidos Prochloraz afiaideafinuauRaunfvesdule
W31 CGD5 TuynszAuaadudu (0, 20, 40, 60, 80 uaz 100 Wasidud) lnvdnvuranuiaunivenduly fAe &
DINTUIULATNDIDBN UANTIN LLazﬁmLﬁymﬁmgﬂi'NvLﬂmﬂLﬁ:u (Figure 8) a@anmdiiunuITaves Hori et al. (2000)
finaaoulszAn3nmunsans Imidazole Lflumiﬂaqﬁ’uﬁﬁ@Lﬁﬁyaiwaaﬂqwéﬁﬁmmn%u (Translaminar) wu31
mmiammmwmumsma 9 YouTeR 19 ﬁwmawaéua“L?J'aﬁwaaa%ama Fudsmsdaasizi Ergosterol ua
iR vead vend 93y mmiwimm 7uln 52ulUf e Teves Chand et al. (2013) nadauLd 031
C. gloeosporioides AUA1ITAT A LGU 8519N 8¥UM A B Carbendazim, Thiophanate methyl, Mancozeb,
Chlorothalonil, Propineb, Captan, Trycyclazole wag Hexaconazole Wu1n asisaidesn Carbendazim a@snsa
auaulsald 63 Wedidud uonantuds wut msl¥asdindesdindrlunsmunudesuiindu 1 8nie
L L%EJ%W Microsporum sp., Aspergillus sp. Wag Candida sp. Judu (Omar et al,, 2015; Mpeluza et al., 2023)
MnrameaiioTeufisusnsnsidasiaiiidnidiossi 5 ¥iia Ao Carbendazim, Prochloraz, Hymexazol,
Pyraclostrobin ag Difenoconazole + Azoxystrobin tnwasnsdlrulngaglasnsimuaiugiidisaainuszun
30-60 fadans siovh 20 ans Tedufleutuiusnildlunsmedey @eMsEsade) fasdiuldindasany
\uduiigs WesmesenmsthlulflumsdaviuvesnunsnsiusunFeu sufsveziidun3ouanenmszdngini
nduiltidusnsfanunsanuaslsaueuunselualuaenySeulsd
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Table 2 Percentage of mycelial growth inhibition of C. gloeosporioides (CGD5) causing anthracnose on durian flower by 5 fungicides (Carbendazim

Prochloraz Hymexazol Pyraclostrobin and Difenoconazole + Azoxystrobin) at 6 concentrations (0, 20, 40, 60, 80 and 100 %)

Colletotrichum gloeosporioides (CGD5)

Fungicide Mycelial growth (cm.) Growth inhibition (%)
0' 20 40 60 80 100 0 20 40 60 80 100
Carbendazim 4.0 1.5% 1.3° 1.0° 0.8 08 - 625 67.5° 75.0° 80.0° 80.0°
Prochloraz 4.0 1.8%° 1.4° 0.9° 0.9° 0.9° - 550"  65.0° 77.5° 77.5° 77.5°
Hymexazol 4.0 38° 3.6 34° 30" 307 - 500° 100®  150% 25% 25.0%°
Pyraclostrobin 4.0 4.0° 3.9° 3.8° 38° 38" - 0.00° 2.50° 5.00" 5.00° 5.00°
Difenoconazole + Azoxystrobin 4.0 4.0° 4.0° 4.0° 40"  ao° - 0.00° 0.00° 0.00° 0.00° 0.00°
Fvalue e . * * * * _ * * * * *
C.V. (%) 8.93 5.85 11.22 9.71 792 873 - 663 5.47 8.44 10.4 9.57

Note: ' Chemicals used in the experiment on 6 concentrations (0, 20, 40, 60, 80 and 100 %)
? Means followed by the same English letter in the same column are not significantly different at P<0.05 according to the Duncan's Multiple Range Test (DMRT)

Figure 7 Efficacy of 5 fungicides (Carbendazim (A), Prochloraz (B), Hymexazol (C), Pyraclostrobin (D), and Difenoconazole + Azoxystrobin (E)) at 6 concentrations (0, 20, 40,
60, 80 and 100 %) on inhibiting fungal mycelial growth C. gloeosporioides (CGD5) on 7 Day
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control 20 % 40 % 60 % 80 % 100 %

Figure 8 Abnormalities of mycelium C. gloeosporioides (CGD5) with the Prochloraz at 6 concentrations
(0, 20, 40, 60, 80 and 100 %) on 7 Day

unagy

911N15NAEEUUSEANE ANUBIE15ANTALE 851 5 A Ae Carbendazim, Prochloraz, Hymexazol,
Pyraclostrobin wag Difenoconazole + Azoxystrobin ‘Lumimmmﬁﬁ”@m C. gloeosporioides mL‘ViQEﬂLLauLLmﬂ
Tualunonyideu Buanvhnmsuendesianglseandiuvesnonydeuiiuansermsvedse ndmnuenidesuas
AT WUNNTNLLENALT WU Huidles C. gloeosporioides s1uau 5 lelaan Ae CGD1, CGD2, CGD3, CGD4
war CGD5 FaldiunigaunisiialsadunenniSeu 2 seee Ae Wanila waznenmaes wuda leleian CGD5
roliAnlsnsuussfianda 100 Wedidud Tunentis 2 sue deuFdldihameaeufuansmidaiden 5 wiln fe7s
Agar well diffusion nu71 @15i1daid a9 2 wiia Ae Carbendazim wag Prochloraz @131150AUANLE 957
C. gloeosporioides ldynemandudu Insaududusui 60 wWesidud 1uduly annsadudinisasyiulaves
domauweluszann 75-80 wWosidus udmniudevideindesneldndosmanssed wuaruiaunfveudule
s CGDS5 fidnwmrormsuiLkarveneoan Wamsdadefinguin TnsagUannsabudulfifoandosiumibiuis
UsvansnlunsmuguilenawelsausuunseludlunenyFeu mmeneasuluanwiidnisauaudadeld &
mnaglinanisnaasudnenvzdesdinimanesvengludauuasuanySouveanunsnsgugniiseu
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UNANED

mMsanlmes LUy 10T (Intermet of Things) 5 niie TiingUszasdifiofmuuazaTIvaoUARdN YU YEY
finoslufluuy 10T 5 mire wagimunszuudsdoyaludinanduasuansimuuasuasn Tnofinesliiniiam
asng ATl lagldlugatandsanuliia PZEM 004t v3.0 uazddayaludeuasa ESP32S
Uszananadedeyaludananidinueietnedumedidn duweslwildussduluihown 230 v dwiuidsnas
Han1533enudn wmaslifuuy 1oT lngldlugainuSunalia (PZEM 004t) 37u3u 5 f7 a1wnsadausunamis
Tl Usznausae usssulih (v) nszualadia (A) mdsladia (W) anud (Hz) innesunnnes (PF) wasndey
Tl (Wh) flanueaiaedeunisiaussiulniindaiaunainedou +0.16% nszuabiiidainnunainpdou
+£0.91% wazidslifinddeuaaiaindeu +0.80% eglunausiunasgiuiinisinindrundamafmumnasinisaou
Weufimedaainndeuluiiiy +2.5% dwmsuiimedfinnddussuuussdulaiiiu 33 kv uaznan1snsIvaeunnsas
TayalUdinanin N1TLARINARNIULATUDSAYNADILAYLIUATILUULIAIRTY aunsagdoyanisldndasulif
foundslaniu Web browser wazanansaihdaygamslandsnulniluldimseiwazuimsdanisla

Anenagy : Bwaslvidn Uunamndlui eanaa

Abstract

The development of five-unit loT-based (Intermnet of Things) electricity meters aimed to design, evaluate,
and verify their characteristics, also to develop a data transmission system to the cloud and display the
information via a dashboard. The developed electricity meters could measure electrical quantities using
the PZEM-004T v3.0 energy measurement module and transmit data to an ESP32 board for processing
before sending it to the cloud via an internet network. The electricity meters operated at a voltage of 230V
to power the circuit. The research results indicated that the five loT-based electricity meters, utilizing PZEM-
004T energy measurement modules and communicating via the Modbus protocol, could accurately

measure electrical quantities, including voltage (V), current (A), power (W), frequency (Hz), power factor
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(PF), and energy consumption (Wh). The measurement errors observed were +0.16% for voltage, +0.91%
for current, and +0.80% for power. All were within the accuracy standard limit set by the Provincial Electricity
Authority at +2.5% error for the meter installed in lower than 33 kV voltage system. Additionally, data
transmission to the cloud and the dashboard display was accurate and real-time precise. In conclusion, the
development of five-unit loT-based electricity meters demonstrated acceptable measurement accuracy
and reliable data presentation through the dashboard. Historical electricity consumption data could be

accessed via a web browser, and the data could be utilized for analysis and management purposes.

Keywords: Electricity meter, Electrical quantities, Cloud
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mmaLaﬂmauﬂammmmmmmsl,umimwmalw%mﬂiwa%ﬂa Tneldnsdeansiuy GPRS Lms’flﬁi’ﬂﬂ/\lﬁﬁwim
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snmsSestesduauniluswantuiy (Pora, 2024) Tufuil 1 nquaiey w.a. 2561 misnundnlunisAuases
Huslnavse anv. I§eanUsemAniunudnyaisesssialiian Faidlomlannuddietiunans Ussns 01i ms
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Boniivaldangludniogataau fuduifadudongmneiifiinnein/esminuudynauaisosiod etestu
nadeniiuani all faveraduaisenglid fedreufiasiinseenyssmamuauiFasniaifuatharlnan
veR VI eayISmILATY Hlivane o auAndivinszuunmsfuanimlnvemeinuar exnsamudsng o avd 2
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fmosluihuuy 1oT (ntemet of Things) fdndufifisusntuluvsemalne oswnaunsaifouseunsdoans
FogansldlufiuuuFealn elifsdliuinmauasdldlifiannsofamuuazdanismslindsnuldogied
UseAvBan TAdeseuusulmesliin 3w LuusluTRLas LA ARy ThingsBoard WidueIsmgue
wdsulwihaniedesiandsnuliiuuy 3 wa fMelulasaoulnsaiaes ESP32S Fadeusiorureamisdoais
Rs-485 Ingltluslanea Modbus RTU wardsteyaiisnldiuedorisdumesidaifiowansainislindsluiuuy
1ana3afl ThingsBoard Server MnmsvaaasansansIadeunslindsnulifilldegisgniouasisiug assuuna
333 a1unsagUeyanislinasulnindoundslatiu Web browser uagaiunsaindeyanisldndsmulniluly
AATILALALUIMIIANTA (Teejanthuek et al., 2021) wazawitvaunuuimesinisaaios 3 Wa dwmsussuu
Tasstelwihasielyel annsathluldaulilussuulnihnszuaady 50 Hz Affaussdiuliin 220 V +10% wagdiie
nszualin (300100 A neldled ADE7880 Tunsudasdgaaeundenlidudyy uninoanasfuimAIng s
Tl wazldlilasroulnsians MCU ARM7 was LPC2148 \Jufiussananatasaiunun1syineausg 4 9nuants
naaeanud fwesluihdaaier fiefidudmnuianaingeanlunisasiadaliiiiu +4% lnefineslifingandesd
a¥19tu anunsansaniaannimesmeliinldsed wssdulid nszualain fdsluiiese ddslafnadiou
madslninusing waasulndia (kwh, KVARh uag kVAh) wag dausenaumdalnin wavaiunsonanswalauy
Bealniinumthae LCD Bnvteddld Zigbee Wugunsaflumsasislassderesszuunmsdeansuuulians dmsums
Sudsteyaifiotufinuazuansnassarlnanuntrsenonfinmes daelusunsu Visual studio (GUI) fafstu
TnoSudedoyaisnuanud 2.4 GHz musmsgu IEEE 802.15.4 shoanautfivesineslnihdaaiozdnan asde
Wsﬂ%ﬂmmmm@%gaLLazwq&mwmﬂ%’wé’wuﬁé‘aamut.mﬁwdaqmﬁaxmmLazq"lsJSTTu Feagagliianmsn
vimstansnslfrundsnulninlfestediussansnmuarAurnuindu (Chanput, 2013)

anuziAiteinnuadlaimundwosiwiiuuy 1o 5 e faunsafauTinamdihldedas 5 mie feluga
Toandeaulniiin Pzem-004t v3.0 91u3u 5 67 dedeyanulusinaea Modbus 19 ESP32S Ussunanadataya
iwptneBumefifinluiisruunamduasinmumsnasutoyainumiiiuuey Sessuuiianansothainlimaununie
sosaufuiimostuihuuurumudsiifedsegud esuearuazninuaglfimadanmsdaivaldndsaulndh
vosfUsznaunsianiugniiarmgisssumasidulumuiingmnevun tisasusiudwarUssansnwlums
Famandsnulaiih muidedanmnsailuvssgndlddansuaznisiamunislindsnulatihves ernsyn evmnsa
wud reuladiiuy sg1eiuszdvsnneiely

Y80 gunsal wazIsnis
1. MINAUILALATIVFDUANAN B VRRIBS AU IoT 5 e

nsiauiwesiniuuy 1oT 5 i Asal laeenuuulassadanasndnnisinnu weligunsaiildinusuu
flnihdadayarulailviuazineviedumesidaludinands (Figure 1)
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Figure 1 Structure and working principle of 5-unit loT electricity meter
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1.1 msassfiweslndiuuy 1oT 5 wihe
1.1.1 Anwdeyanugiu n1seenwuuisasinivesdmesiuiiuuy loT 5 nie dunuavildauves
vasalulasmeulnsalass ESP32S Auasuanina LCD 16X2 12C uay PZEM 004t $7uu 5 67 (Figure 2)
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Figure 2 Five-unit loT electricity meter circuit diagram

1.1.2 sonuuuskasdaviwy PCB fimasluiluuy loT 5 wiae (Figure 3) gunsalidu vesa ESP32S
Tugadandsauliih PZEM 004t v3.0

Figure 3 Five-unit loT electricity meter PCB board

1.1.3 vasn ESP32S ilululaspaulnsamesiimuilag Espressif systems Fududuiildsunisusuuse
21N7U ESP8266 lagiiumnuaunsatunisidousie Wi-Fi wae Bluetooth (M3 Classic way BLE) wiauiuniwensi
d’( 1 aa LY s d’( d’( U v L o 4 o U
W39 1 FuUURSanes, wsHINTL, GPIO 1NYU wazsesiunsidisiatoya YNl ESP32S wingdmsu loT,
szuvannivlay, gunsallfane uasuaundindundesnisnmsdeaisszeslna fa Fisure 4
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Figure 4 ESP32S board

1.1.4 Tugaieuwesd inusunalnindonld PZEM-004 fiquautAsesiuussduluiing 80-260 VAC
(50/60 Hz) nazuagaan 100 A (Juegiu CT 7il4) wdsawiiamnsotnld useiulnil1 (Voltage) nszualuldi
(Current) a9l (Power) wassuazan (Energy) dianuusiugn ussauluia: £0.5% nszualuii: +0.5%
fdsludin: +19% wdsnuazay: +1% nsideusiedeansly RS-485 (Modbus RTU) %3e UART (TTL 5V) wanzdm3y
deuderululasreulnsaiaed 1wy Arduino, ESP8266, ESP32S, Raspberry Pi nstdwdsanusianunsaldluaiu
nsradeundsuseiodld nseenuuuiingdiade sunaidn Anseine wedunsldlundesaauuludiing 4 n1s
lUldnuldinnsldndsnuvasgunsallniitldlussuy Home automation uax 10T ldnsivaeunaziiaszinis
Tnasnuluinlulssnunsonias 73 Figure 5

Figure 5 Electrical measurement module PZEM 004t v3.0

1.1.5 Weulusunsulilugainusunaludi (PZEM 004t) 91u3u 5 a Tdundeans RX/TX veq ESP32S
Weuru PZEM-004T Tnensasenisdearsaie Modbus [Uslaaea wioderdsluss PZEM-004T Fausunamis
Tl Uszneudae ussiuliin (v) nssualalih (A) mdsluiia (W) aa1ud (Hz2) inesurlnmes (PF) wasndenu
Twith (Wh) uazdsdoyanduludiauesa ESP32S iileUsznanaludsszuunand imililwuaziaietnsdunes

1.2 M3nsvdeunuanvazlnasliin loT 5 wie
1.2.1 nMsasavdeUAMLAIA@aoun1sInAUsnamnsnivedimesinfiiuuy 0T 5 e Tnennsin
USunaumalnihaasiivinisdienssudlniinldsunasalvuuy PAR38 yuia 120 W e wseulndih nszuald
wazidsli Aeuldandwmeslwiuuu 10T 5 wiie Wisuifeuiudidnvseinddlatndendined watanu
AaARRUEVS (Relative error) A9gns Eq.1 wag Eq.2 (Nunak & Suesut, 2012)

| Ao v I a
AAIAlA — a3

ANAIINARIALARDUSUNNS (Eq.1)

A3
AUAATIALAADY (%) = AIANABIALARBUANTTS X 100 (Eq.2)
1.2.2 inawaiaaaaaunisinatusunaumisliiivealmas i adunismainnuaaIneaauYed
Twasludruuy loT 5 nie Wsuiisuiudidnnsatindnlaindeniiwes sunaeinisasuiisuiimasaaineasu
laiAu +2.5% dmsuliwesninasiusyuunssiulidiiu 33 kv (Provincial Electricity Authority, 2019)
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2. ileunszuvdstayaludraniduasuaasituunyuain

2.1 Feuldsunsuadromivinaiuuey do Smart Canteen Andadl http://35.197.134.127 Jeulagldnm
TypeScript fimualassase 3 du Usenaume edarln glinesuazdoua

2.2 @oullsunsumeniw C++ Wivesa ESP32S anunsadsdeyaludaivuugiudeyadelsinaea MQTT
(Message Queuing Telemetry Transport) Julustapeadoansuuy publish/subscribe flonuuuidmgu loT
wazsyuuTidesnsastoyauvuisoalyilaslindanumuazuuudingia wangdmiuiduimes, aundnley, szuu
§nlusl@ uas loT uanadoyauTunamsliihifasreiimeslniuuy 1oT 5 nie $1uru 3 4 uazaunsagnisld
nasnuliihdeiliesnsmuuuseisou

2.3 weaousyuudeteyaludinanduazuansinuunruein msvaaeuszuvdoyailofamudIuama
I suiusey dudiunisiaenismaaeseiuatusunansiwiwiuduled http://35.197.134.127 vinnsvedeu

31 3 A% uazTuiinua
NAN1599¢

1. HANITHAILILAZATIHRUAMAN YLV wasTWANWUY 10T 5 Wi

1.1 wanmswannflmestiinuy loT 5 wie fweslwihiiwmuiainsagiuadiunamisliidii Taeliluga
Toandeaulaiiia PZEM 004t v3.0 uazdstoyaludeuasa ESP32S Ussuianadedoyaludinaridniuaiayie
Sumediiin Awmesluildussiuluiheun 230 v dmsuidenes & Figure 6

Figure 6 Five-unit loT electricity meter

1.2 HansadeuAManuuzvaslnaslniuuy loT 5 e

1.2.1 Funudnuag Sneslulfinuy loT 5 misefifauaunsos a1 umamsliiusznoudae
wsasullih (V) nszualit (A) mdaluih (W) aud (Hz) manesuinmes (PF) wasndsenulnda (wh)

1.2.2 M3n519deUANAAIAIAE auvesimasini LUy 1oT 5 wiae sudunisiausunamisliiinge
enseualihlvnunasaliuuu PAR38 vu1a 120 W Usznaunle wssaulnin (v) nszualain (A) wagiaaludia
(W) $redidnnsedindnlatndenfimesiusouiisusulwesiiiiuuy 10T 5 wihe $1uau 3 A%t Nan1saaoUss
Table 1-4
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Table 1 The results of voltage, current, and power measurement of electronic kilowatt-hour meter
and 5-unit loT electricity meter from the first test

5-unit loT electricity meter The error value of
list Electrical meter No. No. No. No. No. Average electronic kilowatt-
1 2 3 a 5 ~our meter, 5-unit loT
Voltage (V) Electronic kilowatt-hour meter, 231 230 229 230 230 230.00 10.09%
5-unit loT power meter 230 230 230 230 229 229.80
Electric Electronic kilowatt-hour meter, 0.51 0.51 0.51 0.51 0.52 0.51 1.95%
current (A) 5-unit loT power meter 052 052 052 052 053 0.52
Electrical  Electronic kilowatt-hour meter, 117 118 117 117 118 117.40 L00%
power (W) 5-unit loT power meter 119 118 118 119 119 118.60

910 Table 1 wan1snadaudIaUs w11l Wi 17 Talaandines bW wuy loT 5 nuae WSeuifiguiu
Siannsetindilaindeniiinesvasnishuiiinsa 1 wuin ArrueaIseaaun1sIaksesulni (V) 1indu 0.09%
Asiansewaluin (A) Wiy 1.95% way faaludn (W) wihdu 1.02%

Table 2 The results of voltage, current, and power measurement of electronic kilowatt-hour meter

and 5-unit loT electricity meter from the third test

5-unit loT electricity meter The error value of
list Electrical meter No. No. No. No. No. Average electronic kilowatt-hour
1 5 3 q 5 meter, 5-unit loT

Electronic kilowatt-hour meter, 231 230 230 230 230 230.20

Voltage (V) 0.17%
5-unit loT power meter 231 230 230 231 231 230.60

Electric Electronic kilowatt-hour meter, 0.52 0.51 0.51 0.51 0.52 0.51 L56%

current (A) 5-unit loT power meter 052 052 052 052 053 0.52

Electrical  Electronic kilowatt-hour meter, 118 118 117 117 118 117.60 0.85%

power (W) 5-unit loT power meter 119 118 118 119 118 118.60

970 Table 2 #an1snadauIaus urun1alni 7 Talaandines bW wuy 1oT 5 nuae WSeusiguiu
Sidnnsedindilaindanniwasuaanisiniiasan 2 nuin ArenuAaaeasunIsIALsIs Ul (V) windu 0.17%
Asianszwaluin (A) Wiy 1.56% way fasludn (W) wihdu 0.85%

Table 3 The results of voltage, current, and power measurement of electronic kilowatt-hour meter

and 5-unit loT electricity meter from the third test

5-unit loT electricity meter The error value of
list Electrical meter No. No. No. No. No. Average electronic kilowatt-hour
1 5 3 q 5 meter, 5-unit loT
Voltage (V) Electronic kilowatt-hour meter, 231 230 229 230 230 230.00 0.52%
5-unit loT power meter 228 228 230 229 229 228.80

Electric Electronic kilowatt-hour meter, 0.51 0.51 0.51 0.51 0.52 0.51 139%
current (A) 5-unit loT power meter 050 052 052 050 053 0.51
Electrical  Electronic kilowatt-hour meter, 117 118 117 117 118 117.40 0.51%

power (W) 5-unit loT power meter 119 117 117 119 118 118.00
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910 Table 3 nan1snaaauTauSu 1N 1lili 19 Talaandmes kWi 1uuu loT 5 Biae WSeuiiigunu
Siannsetinddlatnfanniiwesuainishiiinsed 3 wuii AranuraIedaun1TIawsasulnin (V) wihdu -0.52%
MsInnsewaliin (A) winiu 1.39% way faabnin (W) windu 0.51%

Table 4 The average voltage, current, and power measurement of electronic kilowatt-hour meters

and 5-unit loT electricity meters from Table 1-3.

Order The error value of

list Electrical meter ; Average electronic kilowatt-hour

meter, 5-unit loT

Electronic kilowatt-hour meter, 230.00 230.20  230.00 230.07

Voltage (V) 0.16%
5-unit loT power meter 22980  230.60 228.80 229.73
Electric Electronic kilowatt-hour meter, 0.51 0.51 0.51 0.51 0.91%
current (A) 5-unit loT power meter 0.52 0.52 0.51 0.52
Electrical Electronic kilowatt-hour meter, 117.40 117.60 117.40 117.47 0.80%
power (W) 5-unit loT power meter 118.60  118.60  118.00 118.40

311 Table 4 wan1snadautaUsuramslifafi Talaarndmeslaiwuy oT 5 nuae Wisuiisuiv
518nvsedndaladndenimesuasnislndi S1uiu 3 ads nui Aedsveussiulwihiidadewintu 229.80 v,
230.60 V way 228.80 V Anadsvesnszualuiin 0.52 A, 0.52 A uaz 0.51 A wazaAnadsvesmddluin 118.60 W,
118.60 W uaz 118.40 W U8y nan15m319deu wuin anuaatanasulunisinusunalvivesivwesiai
WUU 10T 5 wthe nsiausssulndndeanunainadou +0.16%, nszuglndndaanunainadou £0.91% uaz
fdalwi Senmnuranapdou +0.80%

2. wan1swmunszuvdsdayaluderartduasuanrituunsuasa
2.1 mawannduuey meldde Smart Canteen findafl http/35.197.134.127 (Figure 7) Usznause
3 du fe
2.1.1 9edarlvl svuutdseailnihesulad
2.1.2 giiwes Ainnunistdndsnuliiuuuitealnd wansdeyadunamaliihnuasuese
(Figure 8) wagnsmuansdayanstdndsnulniisesiou (Figure 9)
2.1.3 gaua dmiuguaazinnisveya
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Smart Canteen
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Figure 7 Smart canteen web app
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Figure 8 Dashboard displays of electricity volume data
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Figure 9 The graph of monthly electricity usage data
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2.2 myaunszuvdadeyalidinanduasianisaruiaruesaaniun1aaeusEUURAMNUSIIMN
T uiuuey Smart canteen nan1sNAEURI Table 5

Table 5 Test results of the data transmission system to the cloud and dashboard display results

Electrical quantity display results

Testing reading values via web app s the electricity usage display

(Order) Has the electrical quantity changed? correct?
1 v v
2 v v
3 v v

Note: The v symbol means that the answer can be done correctly. The X symbol means that the answer
cannot be done.

970 Table 5 WU sruunauuSutamsinitwIuwey dniswasusdasliaiuusuiameliiaiietuass
Turziiy F991N015NA@UNT 3 ASY SEUUARMIUUSIIumliit1uS U kel a1unsakanin1siasunlatved
YSunamslnihlagndeams 3 ass

n1sanUsigna

MNNsAnTunNTIdenud weslrifuuy 1oT 5 viie aunsadausiamsniuazuananaliegngndos
Snvsruuinaudeyaanusovhenldaie sensddunmsdumsvageudszansam wu fweslwihuuy loT
5 e Msiausaiulniinfiaimnuaatnedou +0.16%, nszualniiniidimnuaannndou +0.91% wazidslni
fidrauaaiandou £0.80% ogluinueiuinsgiudinnslwiingrugdniadmun inusinnsasuiiouiines
aantadeuliiiAy +2.5% dmsuiwmesiianssluszuuusetuliiiu 33 kv uavdonadaeiueuiss Wongsaichua
(2012) 303 szuvsnudwesinihuuusmlugfeuanslnintida (Automatic electrical meter reading system via
power line) FaAmdanuliiniiialéninnismeassiinrmnainindeulsiiu 2% wanisasvaeunisdstoyaluds
AANIAAZILERINAEULATUBTANABY 100%

unagy

v
av aav

AT TngUszasAluntswauniiwasiniuuy 10T (Intemet of Things) 311 5 wile lagesnuuul
ansoauTanamsliiin wu ussiulii nszualid Madlaih anud wanedurnwmed wagndssnilii Tag
Tdluga PZEM-004T v3.0 uwazdstoyaruuesn ESP32S lUdinannniuaiatiedumnesidn nanismageunuin
fumeslaiiuuy loT Afmutuannsaiaamalaiinlfesauug nedeanurainedousglunasiiasgiud
nslitdrugfinnaiinus (Provincial Electricity Authority, 2019) uenannil sruuansadwoyalusnanduay
uanskaruuauaialdetisgndes MnuansAnyansnazUlii Swesliiiuuy 1oT 5 misefivanndu S
wiugrlunsinamialain uazamnsadluldlunuiid padeasunisuimsdamsndsnulniild gl
UsrAnsnm ssanansoRanseseniiieldlueimsyn sxwisaung vieszuulnihdanierlueuan
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Abstract

This research aimed to (1) study and explore the demand for design and pricing models of small-scale
agricultural product buying-selling building; (2) establish guidelines for designing such buildings to align with
the needs of the target groups; and (3) determine standardized construction costs corresponding to the
proposed building designs. The study integrated theoretical concepts on architectural design and
construction costs and utilized quantitative data collected from 110 farmers in Chanthaburi Province and
qualitative data from at least 18 key informants, including experts, academics, construction business
operators, and government officials, selected through purposive sampling. The research instruments
comprised (1) a structured quantitative questionnaire and (2) in-depth interviews. Quantitative data were
analyzed using statistical software, while qualitative data were examined through descriptive analysis. The
findings revealed that: (1) the design and pricing requirements encompassed key elements such as usable
area, column structure, flooring, wall characteristics, roof structure, cost per square meter, and restroom
design, all of which show consistent demand trends; (2) farmers' perspectives indicated that architectural
design, financial investment, economic returns, and functional aspects are critical factors influencing
demand at the highest level. Based on this study, the appropriate design and standardized construction
cost for Thailand's small-scale agricultural product buying-selling building should prioritize farmers' practical
needs and functionality, cost-effectiveness, and long-term value. Furthermore, compliance with relevant

regulations and industry standards is essential to enhance the buildings' efficiency and sustainability.

Keywords: Agricultural product buying-selling building, Small-scale building design, Standardized
construction costs
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NaN1578

duil 1 AAIENYNLYBIYADULUUABUNINTDINGNAIBENS

HANTTILATIENAMIN YULVDIABULUUADUNN UTENDUAIY 1) LA 2) 818 3) TeAUNISANIZIER 4) 91T
5) Uszaunisallunisinuns 6) selsveiiou (auuideuuszwazselddu 9) Tasldnsasunaluguuuy
madeyauasiosarIesRoULUUABUNY FauansuasiBunnu Table 1

Table 1 Demographic characteristics of the respondents in the sample group

Personal information Number Percentage

(Persons) (%)

1. Gender Male 85 T71.27
Female 25 22.73

Other 0 0.00

2. Age (Years) Under 30 11 10.00
30-40 11 10.00

41-50 55 50.00

Over 50 33 30.00

3. Education Level Below bachelor’s degree 55 50.00
Bachelor’s degree or equivalent a5 40.91

Master’s or higher 10 9.09

4. Occupation Government/ State enterprise 20 18.18
Private sector employees 15 13.64

Own business 10 9.09

Farmer 65 59.09

Other 0 0.00

5. Agricultural Less than 2 years 5 4.55
Experience (Years) 2-5 years 30 27.27
5-10 years 36 32.73

over 10 years 39 35.45

6. Monthly income Below 10,000 THB 0 0.00
(THB) 10,001-20,000 THB 0 0.00

20,001-30,000 THB 5 4.55
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Number Percentage
Personal information
(Persons) (%)
30,001-40,000 THB 30 27.27
Over 40,000 THB 75 68.18
Total 110 100

ayUnamsiiassideyatiassiulunmsinvesdium 1

NNaNTIAITEdaganuI1 naudiegvdulvgdunaye e1gsenine 41-50 U uasiiszdunisAnwieindd
Usgey1ns endnnanAenensninduszaunisallunisiineasuinnin 10 Juld wasdisglanedouninnin

40,000 YTy

d9UN 2 ANDUNENUANWULVDINUNHAANALNEAS

HANTIATIEVANEN YT VRINUTNEARANYAT UsEnauaie 1) NRawesiuilinizdgn 2) Sruaunuiinnzdgn
3) MuUNEaNG 4) 1930 TNzUgn 5) vinvewinng lngazudeyaarnnguiieg1adiuiy 110 AU Fauana

nearLdYnnd Table 2

Table 2 Information on the characteristics of agricultural production areas

Agricultural land and produce Number Percentage
(Persons) (%)
1. Location of Northern 0 0.00
Plantation area Western 0 0.00
Central 0 0.00
Northeastern 0 0.00
Eastern 110 100
Southern 0 0.00
Other 0 0.00
2.Cultivated area Less than 5 Rai 5 4.55
(Rai) 5-10 Rai 10 9.09
11-15 Rai 34 30.91
More than 15 Rai 61 55.45
3. Production volume Less than 5 tons 5 4.55
(Tons) 5-10 tons 10 9.09
11-15 tons 20 18.18
More than 15 tons 75 68.18
4. Years of cultivation Less than 5 years 5 4.55
(Years) 5-10 years 13 11.82
11-15 years a7 42.73
More than 15 years 45 40.91
5. Type of produce Monthong durian 80 72.73
Chanee durian 15 13.64
Kanyao durian 8 7.27
Kradum durian 7 6.36
Total 110 100
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asunansiaszideyailawulunmsiuvesdiun 2

INWANTANYINUI Nuizdagnnaunegluniangusenvessendalve nsdlngfivunanuiinzdgn

1NN 15 19 wazlinandnuinndt 15 dusel uenanil enguesnisimzdgnaiulugjeglutag 11-15 U uagiug
NSsulasuanuieugegaroiuuuounes teyasnaruduladvddgyiasroudisdnenmuasuuilinvesnis

HARHAN RS TUNUNAINGT?
daufl 3 AanaREINUANENYAILLUULALIIATDIASYUINENFUTD-UENAARALNEAT

HANNTIATIE AN YL TDUUULAZIIAIBIANTVUIAENSUTD - eRFnraIN AT Usenoudie 1) suanuily
A98U8991A15 2) AnwLlATIATINATR1ANT 3) ANYNEYBINUDIANT 4) ANYMLLUUYBINTI81ATT 5) dnue

lassaianaenn 6) siandenisauns Yagtu) 7) dnvueiiond) Tauwanisngazidenniy Table 3

Table 3 Information on the characteristics, design, and cost of small-scale agricultural product trading

buildings
Design features and construction cost of small-scale Number Percentage
agricultural product trading buildings (Persons) (%)
1. Usable area of Less than 200 square meter (Type 1) 15 13.64
building 200-400 square meter (Type 2) 20 18.18
400-600 square meter (Type 3) 75 68.18
More than 600 square meter 0 0.00
2. Column structure Steel column 105 95.45
Wood column 2 1.82
Concrete column 3 2.73
3. Floor type Concrete 105 95.45
Crushed stone 3 2.73
Laterite soil 2 1.82
4. Wall type Roof with fully open walls 105 95.45
Roof with 2 closed walls 3 2.73
Roof with 3 closed walls 2 1.82
Other 0 0.00
5. Roof structure Steel 110 100.00
Wood 0 0.00
6. Construction cost Not exceeding 4,500 THB 35 31.82
per meter (A.D. 2024) 4 .501-5,000 THB 40 36.36
5,001-5,500 THB 20 18.18
5,501-6,000 THB 15 13.64
Exceeding 6,001 THB 0 0.00
7. Restroom presence  None 101 91.82
Attached to the main building 5 4.55
Detached 4 3.64
Total 110 100
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agunansianeiteyadosiilunmenmesdnd 3

NnraMAeTziteyanuin invasnsdulngfonernsisivnin 400-600 msaiums. uaglilassairaan
wdnfundn Geway 95.45) wenani dailesldituneuninuarlnsiaiodnmdniouomn nisennsdiulng
sonuuuliimdsmaquuazidalasiiuing Sauvmnzauiunisldausunsiuendanainens Tusumen nui
Frouuuvasunudlugjeglutnmadenisnaunsii 4,501-5,000 vIn ($ovas 36.36) dmudnuas o
inwasnsaaulng (Gevar 91.82) ldesnsliivenineluoins wandiiiuinaudesnsvomaiaiulud
TassaisiiBouieusiinnuudusauazduanisanu
daufl 4 ManuiRsatuanudaiuresneasnsiifinnudesauwuuiasnaeasuainuie -venaaug
NN

sfuAuAnfiureunnInaRefusUuuULaE MM TTLIAENSUT-MERARHAN YRS Tnsnsdisand
Anfuvaanguiieganeasng (n=110) WeUssdussiuaudoinsuazdaduiiddvisnadenisinduladonlduuy
9113 FansAnwdruunidu ¢ dundn leud 1) n1sldau 2) nsiiunagasasmu 3) JULUUDIANS wa 4)
NANBULMLYNALATHERY 19T nanmslesigvitiausluguuuuAieds X wardnudsauuninsgiu (S.0) Sauans
gazldunny Table 4

Table 4 Information on farmers' opinions regarding the preferred design and price of small-scale

agricultural product trading buildings

Preferred design and price X S.D. Level of agreement
1. Functionality 4.52 0.657 Highest
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Design of experiment for evaluation the optical condition in deodorizing

charcoal forming from mangosteen peel
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Abstract

Mangosteen peel odor-absorbing charcoal adds value to agricultural waste, aligning with the circular
economy and supporting community products through the One Tambon One Product initiative (OTOP).
However, due to the trial-and-error methods used by OTOP groups, quality control is inconsistent, leading

to mold growth caused by high moisture content. This research aimed to address this problem by
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investigating factors affecting moisture levels and identifying the optimal formulation through an
experimental design involving three factors: starch type (Tapioca starch and rice flour), mixing ratio (80, 100,
and 120 grams), and aging time (8, 10, and 12 hours), with three experimental replicates. The results revealed
that only aging time significantly influenced moisture content at a 95% confidence level with an error margin
of 5%, and the best formulation consists of 800 grams of mangosteen peel, 100 grams of rice flour, and
aging time of 12 hours.

Keywords: Drying, Deodorizing charcoal, Mangosteen peel, Design of experiment
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Table 1 Factor and level of factor, and responses

No Factor Unit Level of factor Respones

1 Type of flour - Tapioca starch, Rice flour
2 Percentage of binder gram 80, 100, 120
3 Aging time hour 8, 10, 12

Moisture and

jodine value
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(A) Mangosteen peel charcoal (B) Tapioca starch (Q) Rice flour

Figure 1 Raw materials used in the experiment
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(A) Molding with silicone molds (B) Deodorizing charcoal

Figure 2 Deodorizing charcoal from mangosteen peel
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Figure 3 Moisture analyzer model MA45
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Figure 4 Moisture test results of odor absorbing charcoal from tapioca starch
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Figure 5 Moisture test results of odor absorbing charcoal from rice flour
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Figure 6 Validation of the appropriateness and validity of the experimental data
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2. MFIATIRAMURUIUTIU (ANOVA)
Wumsimsgdianuudsusiu (ANOVA) Tnaisuainmsianginuiidedfyvesdninasiuseninedade
(Interaction effect) Ao walrdvitATIzAudtedAyvedvsnanan (Main effect) lnafiarsunainan P-value
Fanuan dnswatanszwintadeluiinanerinudusssiidedifny daudnsnanan dslaun arildluniseu
P P & I Aw o w A o o
HnasiorAuTuegNlitdAgyNsEAU 0.05 fa Table 2

Table 2 Result of analysis of variance (ANOVA)

Source DF SS MS F P
Typer of flour (A) 1 0.0988 0.0988 0.43 0.515
Percentage of binder (B) 2 0.4578 0.2289 1.00 0.378
Aging time (Q) 2 82.6777 41.3388 180.49 0.000
2 factor Interaction 6 252717 0.4213 1.84 0.117
3 factor Interaction 4 0.6526 0.1632 0.17 0.589
Error 38 8.7035 0.2290

S = 4.78582, R-5q = 90.85%, R-Sq(ad)) = 87.24% R-sq(pred) = 81.52%
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Remark : 1 = Tapoica starch, 2 = Rice flour, 80 = Percentage of binder, 100 = Percentage of binder,
120 = Percentage of binder, 8 = Aging time, 10 = Aging time and 12 = Aging time

Figure 7 Main effects plot for moisture
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