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Abstract

Waxy corn cultivar ‘Samlee Esan’ is an open-pollinated variety known for its high eating quality
and has recently been in demand among small-scale farmers. Producing corn seed using a drip irrigation
system may result in high- quality seed and reduce water usage in the seed production process. This
study aimed to evaluate the effect of plant density on the seed yield of waxy corn. Waxy corn cv.
‘Samlee Esan’ was evaluated at four plant densities including 12,800, 10,240, 8,320, and 7,040 plants
per rai using a randomized complete block design with four replications during the dry season of 2023
(February-May, 2023) at the Research Station, Faculty of Agriculture, Khon Kaen University. The crop
was grown using a double-row planting system, and drip irrigation was installed to provide optimal
water for crop growth. The results indicated no significant differences among plant densities in terms
of plant height, ear height, silking date, anthesis date, ear diameter, ear length, number of seeds per
ear, and the percentage of barren plants. Plant densities showed significant differences (P<0.01) for
total ear number, normal ear number, total seed yield, normal seed yield, and maximum seed yield.
Total ear number and total seed yield showed a highly positive correlation with plant density, normal
ear number, normal seed yield, and maximum seed yield. Corn grown at high plant densities produced
higher harvested ears and greater seed yield, but it is not practical for crop management. A plant
density of 8,320 plants/rai by double row cropping system under drip irrigation is recommended for
waxy corn cv ‘Samlee Esan’ seed production, as it is practical for field management and does not

negatively impact average seed yield.

Keywords: Waxy corn, Corn seed production, Cropping system, Plant spacing, Water management
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N3 NUNUNITNARDY

andunismeasslgnudmudaiugdnlnaiugdddauluanmuameass o nuanfiadn A
neRsAanT unIngdeveuniy Tugguasl 2566 snirasieunuius-ngua1AL w.a. 2566 (Table 1) lay
Ugninnauuuumgifimslimidessuuiinen auusunmeassuuuduasysaimeluufon (RCBD) S1uu
4 91 9 0 6 U0 (3 umaA) ANUBTILNIEE 5 . efuuanIawLd Ao ATuTUILLLTeUTEIIN YR NHY
$1lna Fssunuanszeshesewinsanetineafiuandnetu 4 szoy fe

VIR 1 Szevinasenineanetimen 75 v, isedianamuiutulsenng 12,800 du/ls

yEMAAT 2 svegvinssswinsaneiiven 100 gy, viedaumuuulserins 10,240 Fu/ls

VERILAT 3 SzovnasEwieaimen 125 ga. vsefiaurunutulsEng 8,320 fu/ls

yEMAAT 4 svegvinssswineanetiven 150 gy, vieflaumuiuiuussrng 7,040 du/ld
Tneynvianudlisvsisuasiaimen 20 gu. Ssvosisserinsiunigluun 25 gu. uasdisveziasening

wavfnaeUen 50 @i, (Figure 1)

X1 =75cm. X1 =75cm.
X2 =100 cm. X2 =100 cm.
X3 =125 cm. X3 =125 cm.
X4 =150 cm. X4 =150 cm.
50 cm.- B 50 cm.- B 50 cm. -
TREATMENT X TREATMENT X

1 - >0 < - - >0 1 Ground level

[ X T
Row 1 Row 2 Row 3 Row 4 Row 5 Row 6
Drip irrigation line Drip irrigation line Drip irrigation line

Figure 1 Drip irrigation model and layout of the planting mode for the experiment.

Table 1 Temperature, relative humidity, total rainfall, and evaporation rate during the

crop growth period.

Month Temperature (°C) Relative humidity (%) Total rainfall Evaporation rate
Max Min Mean Max Min Mean (mm.) (mm.)

February 33.2 19.7 26.0 91.0 40.0 66.0 0.0 4.2

March 34.9 22.7 28.3 76.2 35.0 55.7 1.5 5.0

April 38.4 26.5 31.7 77.4 37.6 57.6 1.2 6.1

May 36.5 25.7 30.5 89.3 4a8.4 73.6 7.2 5.4

Source: Northeastern Meteorological Center (2024)




Nsasiunseygiiniaguiilus U7 2 atfufl 2 : 1-12 (2568) Agri. GMS. Vol 2 (2) : 1-12 (2025)

N133AN1SUUAMARDY

Fansulamaaeudeliiielimnzaudenisadadulauaylinandavesdnlnamuduugiives
naArImanyns TnswSouiiuiiienislons louwvs waslonsusdendundenituldiontigns 15-15-15 §nsn
25 nn./13 sesflunoulgnitelifuiimngaudenissenvoundauaziisnnomsiiismasonisiadaly
srorusnewiundl vin1sugnlnemsngeniudndng 3 wia/mau uaslviimudessuuimenlusedui
wanzausonsienveadandeuiudnasiadiaunuiviiveianeuiviiven ednlneeny 14 Yundsugn
imsneuskenlviiie 1 du/vau wieauiuladewiigns 46-0-0 dns1 25 nn./ls wagnaulau

dodnlnaeny 30 Fundsugn Tadoiniigns 46-0-0 uag 15-15-15 wamiudndu 1:1 §091 25 nn./l5
wionfunslih uasidedninafsszeroonlmuuasUdesazesunas viouszana 45 Yundsgnaslateind
a3 13-13-24 §n51 25 /L3 daunslihdninaraenssagnismeaosaslmhmuanumnzasluustassvesy
naisndulnvesimilng Taeldlrinauansornisludien lussesfidudnlnaenglidiu 1 ou Thiwn 2
fu adsar 30 unit udsnduaddiivntu adses 30 Wit Feszuuimen uasdinisdanuasieiiiledesty

o

mdanueunseyiIlneateanvsednsiivedndy 9 auanumsnyay

nsduiindayauaznsiiasgideyanieain

Tuiindeyadnuamanisinens Suuduilidaiin S1uauiln esdusznevvesiin waznandniudn
TnefnasilunsussfiudierhnsdauenilinfuasilinAnund (Figure 24, 28) 33w 13 dnwalz N5 hnsIen
ANULUTUTIY (ANOVA) vasdnuaiziivufinauununmsnaassuuuguanysaineluuden wWisuiiieudiede

YOIUAAEANBYAI83S Least Significant Difference (LSD) Miszaiumanuidedu 95 1Wosidus waziinsivi

avduiius (Correlation) vasdnwaziidinwdmelusunsudusagy Statistix10

Figure 2 Sample of normal ears (A), abnormal ears (B), and tassel-blasting affected by heat stress (C)

of waxy corn cv. ‘Samlee Esan’ grows under different plant densities.
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anwaen1ImManens uuin uazskandnwdanugvastlnadrimiissiudddday
91NMFAATIEEANLLUTUTINYeIE NYAITNssInYAsYest 1 Nt s aus drdSaudiugn
meldmnumnudulsznsiiuansnaiu wuin seduaamuuiuvesUsyansifinarenugafunayea
guiln e1geenliuuazUasazesunas anuninaln anueiln Susuudasein waziesdudduliiain
TnofiAadudnunraugesiu 240.1 wu. Aadsnugeln 125.1 «u. Aladsengeenlvu 503 Tu uazAade
91gUdeYare0uNas 55.5 Ju (Table 2) uardiAnadvauniiein 4.1 su. duadsannueniln 16.3 wu. Aiede
Frunumdesiaiin 402.5 wda uazAnadsuuduTlsiAnin 18.6 Wesdud awadu (Table 3)
MnMsfnyIRavessEiuATIMIILU ST st Tned ABauTinanmdaius e liss uutnend
uaneneiu dldvinnsiuifeliinlussezaninneadsine (Physiological maturity) w3eUszana 30 Ju nds
nauLnas WieUsuidudnwarnsnenmeediln S1uiuiln uasnandnwansiug lnowuin Fruauilnviavan

= v o 1

(Total ear) uazduIuingd (Normal ear) vastRlnadruniriugdddaunvgnangliszduainuvuin

'
°o ¥ a

UszrnsiiuanansdudanuianaianaiAegeddedAgda (P<0.01) TnatalnandssAununuIbuy

o d

Usens 12,800 #u/ls dwnuiinfamueuassunuiinfigeiian (9,928 wae 6,705 Hn/ls auddu) uifd
LUai‘Ls'fiwiai’mwéTuﬁhiﬁmE]ﬂmﬂﬁqm (22.6 Wodidus) drudralnafidanumuiuuulszens 10,240 8,320
war 7,040 du/ls sxfisauilnimundusususesann Andu 8,739 6,786 uas 5,703 iln/ls mugdy
(Fieure 3A) dnwaizsuuiindflinalufienadentu nanfe drlnafiflssiuamumusiudszens 10,240
8,320 way 7,040 du/ls avilduuiindaadu 5,119 4,460 uay 3,905 fn/ls augndu (Figure 3B) agndlsh
a1y Uszrnsdlnedidaunuisiudanaiuias e duisuuduilifainldunndwnead s wadl

ANRAEAININT WAL SEAUAMUTUIWLIUUTEYINT 12,800 Au/ls (Table 2)

Table 2 Plant height, ear height, silking date, and anthesis date of waxy corn cv. ‘Samlee

Esan’ grows under different plant densities.

Plant densities Plant height Ear height Silking date Anthesis date
(plant/rai) (cm.) (cm.) (day) (day)

12,800 247.0+7.0 131.0+6.3 50.3+1.5 55.5+1.0
10,240 238.0+3.7 127.5+3.7 49.5+1.7 55.0+1.2
8,320 239.0+4.9 123.3+5.5 50.3+1.5 55.5+1.0
7,040 236.3+3.6 118.8+6.9 51.0+0.0 56.0+0.0
Mean 240.1 125.1 50.3 55.5

F-test ns ns ns ns

C.V. (%) 1.92 a.47 2.44 1.47

ns, non-significant
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Table 3 Ear diameter, ear length, number of seeds per ear, and percentage of barren

plant of waxy corn cv. ‘Samlee Esan’ grows under different plant densities.

Plant densities Ear diameter Ear length No. of seed Barren plant
(plant/rai) (cm.) (cm.) (seeds/ear) (%)

12,800 4.2+0.1 16.0+0.5 412.5+25.7 22.4+3.8
10,240 4.2+0.1 16.2+0.6 403.3+19.4 14.7£5.5
8,320 4.1+0.1 16.8+0.5 399.0+22.2 18.4+10.8
7,040 4.1+0.1 16.2+1.2 395.3+35.9 19.0£3.5
Mean 4.1 16.3 402.5 18.6

F-test ns ns ns ns

C.V. (%) 2.56 2.45 5.73 29.09

ns, non-significant

AnvugNandnLEnRuFIINTZAUANNNLILULYIUSEIINTARNYT WU SIUIURAREMUAATIINLA

(Total seed yield) nan@nwana (Normal seed yield) uaznandniuanfiasga (Maximum seed yield) vo1

'
a

Inlnadamieriugaradaruivgnaieldanunuuiulsssnsiunnd ety Ianuwand1anisaises

Y

' =

4]
Foddnyds (P<0.01) Tnedalnaiiisedunnumunutuuszeing 12,800 du/ls fsuiunanamudanamue
HANAALLAA? LLazmamémLuﬁmaqaqmmﬂﬂhmmwmLmuﬂismﬂiisﬁuﬁu q pegeiivddey Andu 940 872
waz 1,234 Alaniu/ls muddy drudalnafifsefuanumnuiulseeing 10,240 8,320 way 7,040 du/lg &
ﬁi’wmumamémLuﬁﬂﬁgﬂwmaﬂaﬁLLazLLmﬂ@mmqaﬁﬁaE}Nﬁﬁaﬁwﬁm (672 600 waz 489 Alansu/ls mwansu)
(Figure 4A) dudnuaznandmudndfiinalufiemaiontu nanfe 9nlneiidszduanuuwiulseens
10,240 8,320 wag 7,040 au/ls azinandnudnnnndu 794 667 uag 634 Alansu/ls auddu (Figure 4B)
wazdmnafifszdvanumnuiulszvnsiniuasliinandndnfgeananiu 924 794 waz 667 Alan3u/ls

fuaeu (Figure 4C)
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Figure 3 Total ear number (A) and normal ear number (B), of waxy corn cv ‘Samlee Esan’ grows un-

der different plant densities.
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Figure 4 Total seed yield (A), normal seed yield (B), and maximum seed yield (C) of waxy corn cv

‘Samlee Esan’ grows under different plant densities.

avduiusvasdnunzyastnalnaisziuauvuuLuUsvInsuANAIaiY
nsfnwanduiusvesnnununiulszng S1uuind nandanudnd waznandnudngegaiu
BRI
#14 9 (Table 4) Wui1 AEMULULYBIUsENTTanduiusaslufiamsuanfuduaulinfomn uaznanan
wieiavae (r=0.94** uag 0.97*) uardanduiusurunardluiianisuiniuauainuwaraiugln (r=0.62
wag 0.67% awadv) druduniindniinaluiiemafeady nande Susuiindflanduiusgddufianisuin
fuduuilniaunuasnananuEnianen (=0.91% wag 0.95%) uasilanduiusuiunandlufiameuindy
ANNgTLLarANasEn (r=0.63* uag 0.64** MUA1AU)
dunandndnifandiiusgduiemsanduiouiinfomnuasnandnudaiomn (=0.86* uay
0.99*) wagilanduiusurunarslufianisuiniuanugaiunazainugeln (=0.71% uag 0.71* audAu)

s '

wazdaiuggean wul Janduiusgdlufirnisuinduduiuiinioueuasandnmdaiomn (r=0.91* uax

L VA V4

0.96*) wagdanduiusuunanlufiansuInanugeiuLazaugedln (r=0.71* uay 0.64** aud19v) du

anwugdu 9 wuanlufimnuduwusiu (Table 4)
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Table 4 Correlation among plant density, normal ear number, normal seed vyield,
maximum seed yield, and agronomic characters of waxy corn cv. ‘Samlee Esan’

grows under different plant densities.

Parameters Plant density Normal ear Normal seed Maximum seed
number yield yield
Plant height 0.62% 0.63** 0.71% 0.71%*
Ear height 0.67** 0.64** 0.71% 0.64**
Silking date -0.21m -0.12™ -0.22 -0.19™
Anthesis date -0.21™ -0.12" -0.22™ -0.19™
Ear diameter 0.30™ 0.22" 0.24n 0.39"
Ear length -0.23™ -0.18™ -0.16™ -0.12"
Seed per ear 0.27m 0.19" 0.25™ 0.39"
Total ear number 0.94** 0.91* 0.86** 0.91*
Total seed yield 0.97%* 0.95%* 0.99%* 0.96%*
Percentage of barren plants 0.16™ 0.10™ 0.28™ 0.14™

ns non-significant, ¥, ** significant at P<0.05 and 0.01, respectively.

ﬁ]’lﬂﬂ’]iﬁﬂ‘i&ﬂLLE‘TﬂﬂﬁLﬁu’jWﬂ’MMMU’]LL“LJ'“LJ“Uix‘*{]’]ﬂﬁ‘*ﬂl’l’ﬂwwﬁlﬂqﬂﬂﬂ&liﬁi%uUﬁ?%&lﬂgﬁbjdﬁwaWIE]
Snvarnansinuasuazesdlsznauvesiindialng (Tables 2 and 3) edenaiilewnandnuaezdnariiy
SnvarUszdniugvestninadnmioniugdasauilinevausinunsiasuidassefumiumnutiuyes
Uszans egalsfiny widmansfinwazlinuanuunnaamisadfedadidedify winugaiuwasanugs
Hnfignlusedviifienumuiiussrnsgafimnugaistuuiiuualdubidan daaenndestunsingues
Lashkari et al. (2011) inuiudleussrnsdrilwemnuiduasdsalifarugeiuiniudie uiowuszney
vosiindaUsznousneduumdnsieund Suaumdadieiln aAvwniiln uazeueniinezfidadegeninde
Ugnluseduanumuuumesseansm eglsfinu sefudssnnsifianammnutiugs (12,800 u/ls) dea
Tifiesdusvesiuiilifeiln (Table 3) ganinanumuuiulsssnsssaudu q Reidusaidomnannsdgn
sﬁnlwmﬁﬁmmwmLLﬂiuqﬁLﬁu"LiJ agyhlinsiiniindindnisiinvesonanunes dewalinisiaiyveilnuas
mswauvendulnudias msidulmlnawulindrazdmalnenswoninumdonlunisuauinaswag nsimu
Juwde uenani Usgrnsdnlnaivuuiuiuludidnadeaunasneins lnslangnisvudinfuouuas
lulnswulugilinazanas Jsdmalnenssensimunveasdavievilradnuvimdsnisaaunas (Sangoi, 2000)

dmsusuuiinuarnandnudaiuiirudiiusiunumunuiuwesdsyanns (Table 4) uandliidiu
snuduseiuiiinalaonsseUsunamnandnuda (Fisures 3 and 4) Wuieafunsanuiludnlnadssdng
Afsufinisugndnlnaiisefuanumunntugeasiidadvesdussneunandnsiniinisugnilssdiuny
VLGN Lwiﬁisé’fummumLuiwuawimﬂiqwﬂﬁwawﬁmLMﬁ@QQﬂdﬂ (Lashkari et al., 2011) agslsfinu
HARINANIANAIINNSANE VR El-hendawy et al. (2008) Fsnuiwandnuwaynsasaiulnvesinilnadu
NasfusEI TR UAIMLiwesUsERnskar s uUMs IRy n1sliinfillussavs nmdidewasionis

wigivlanazuanant1lng N1SRNUTEANSANNISTIAUNAI8 TE UUUIMEALUTEAUAMNRLILLUUTZEINT
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PINANIIL AN UNSNUHNANGS DIAUTENOUNANAR wazUsyandninnsiiurludilng nanife syauaIy

J 3

nwUUUTEIINSTINAeNardaalit e dumdndndedu 1uiuNaasain S1uIULLAAR LA Untin

WandoRy waznandnuingIndnszauauruLiulsEnggs mnddnsinishiigeaunsagndnilnely

@

sEAundANIkiuLna el uinniisnsnistiiiviunansmisugnluseauanavuuiulsesng
FUNTA AUlAIIN19EDNTEAUAMUNLLULUTE YN MU AN AUSEUUNIS N Avdanas aranan T L
B & aa v e v a a a a v v v & a
syvvinveadudsnsiiintlnana unsatiuUsEans AUt na be Ansbuanmun@nay
AN1Izad (Bozkurt et al. 2011) nslvmineeszuuinvenlidinasanananldnanueat1lnanINy wA3Isn1g
mananaunsoanUiinanisldiigeds 58 Wesdud dwsunsmeaeduaniiide wavanas 40 Wesidud e

a a

Wisuiisuiuisvesnunsns (miauia wagyeid, 2563) drun1siuseuiisuisnisiidmealudrlnavdn

v
°

(Silage corn) wuinnsliidedmeauuiiafu (Surface drip irrigation) Yineauuuilsldau (Subsoil drip
irrigation) wagvionszawilslanu (Subsoil capillary) ludswanesnsmandnvesdnanuazilnuis (Karasahin,
2014a) LwimﬂﬁifwLL‘U‘U'V]'EJﬂﬁzmSJEiﬂsf’fﬁudnwaiﬁmamam%ﬁﬂwwﬁﬂqnﬁqm nsliimeauuuilddRuwasiuy
vonszaneilsldfuanunsaanusinansiiily 7 uay 13 Weddud WewSeudieutumsliideimenuuin
fiu (Karasahin, 2014b) aehslsfinnu MsFnwisnslmivesdnlnalsisyiuanumuuiuUssannsiwansng
fudeszuutmeauuisnutsluganadoniugs Auds wazitu nuinsliideismssnanamnse
syansamnsidivestilng duasunisasyiavlanuaduLasnandnlad (Wang et al., 2021: Guo
et al, 2021: Wang et al, 2022) 3sanunsatanuduldlumsldidmlnaluaa i ufifddes dagunis
Sonmsthlsuniiale
nsfnwedsilddniunulutindeununiusimguaneadadudisnaflivugihdmiunisugn
Flnalunanzusenidsavieiinmsldidminauuunuses thse wiensliimaiu (Surface irrgation)
desndorniafeu uuds farududuing frulios uazidnsnsssmevesings (Table 1) deiinnu
\Feagandnlnaszuansennsdenenuiaananinenmeiieudauagliannsaseniln Aawdn viselvinanasle
(Figure 28 and 20) agslsfinnu n1sfnwdananuandiifuinnisugnininauuinignieldszuuimend
Usgansnmlumsdaaiumsaiapivlnvesinlng guamuandn annmiudaiug uasduisnisiiaansoan
Uinanslih andununsliuseany wasemnudssiudnuaganiwernaiiulsusuld el nmsAnwinis
f\]wfﬂmiﬂEJIUW%JEJJJﬁ’Um{Lﬁﬁ”MEJ@ (Fertigation) Tug1lnm (Chauhdary et al,, 2017) Wuuuavnens@nendl
ﬁwﬁ’m?jaLﬁaﬁf\]ﬂﬂﬂé’fmﬁmmiﬁ%LTJu‘tJ'iziswéﬁumié’]’mmimimam%’ﬂwﬂﬁ’ﬁwﬂwmu UnANEI LNYATNT
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dyunan1Innay

¢ = o '
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anvaugnINsnens wiiiddwulnimuefiuneild Swulng weznandnwdaiuggeniinislan
szauANUILUNUSEINTE wanflwwiliuvih s uauduiilifednguniuluie widinsdgniisyiv
' ¥ a 2 o & ' P a @ '
ANUTUILUNUSEYINTg R iinandniudniugadn uin1sugndilnafiseduaurubiulszyIng 8,320
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Probiotic supplementation in commercial feed; effects on growth

performances of climbing perch, Anabas testudineus for early rearing
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nsfnwiiaiinguszasdiefnymavesnmaaduinslulofnluommadindfagulunndssamme
nefesou densuiquivlawazamnimiiuissgns Tasausunimaasskuugduauysal iinismaaedly
Uarmuolnetiminiade 0.50+0.11 n¥u Anue1Lade 3.0£0.4 isufiung uvsnsmaasseanidu 5 ndu
Usznouse nguitlsiiedalnslulefin (nduanuen) nuiiedulnslulefnlusisiind3asu 0.5% 1% 1.5%
way 2% sletviine s 1 Alanfu suddu vinrsvasesieun 3 41 Wusseznanisdu 60 u wanis
NAABINUIPIUAINITRTEYLAUTRA1SY TalA dminiade euemiade Shsimsseames Ssinsiasuems
Dt gnsn1ssivlnneiu dnsinsiyuladuniz danldunnaisiunisedia (P>0.05) daudiu
Qmmwﬁmudwmqquﬁ aadunsn-ang wazeandiuiiazasluhdalauanarsiunad (P>0.05)
snuAmeulidelud famuinguiiasulnslulefnluemaidaduiasy 1.5% uaz 2% dawiniings
muauogsiitddysaia (P<0.05) Inefidadsagil 2.7+0.6 fadniu/ans uay 2.6+0.6 adn3u/ans
uddu TeaguldhnmaasuinslulefnluomsdindSaguiidesnit 2% sedniineng 1 Alansu agll
dwmarosasmssyivinvesUamuelneJesou uinsiasulnslulefnlusnsitlddesnin 1.5% sethuin

9115 1 Alansuazdwmadeuinlununisuiulsmmnimn

AdnAny: Uavuelny, Instuledn, nMsgdiule, Aanini

Abstract

This study was aimed at investigating the effects of probiotic supplementation in commercial
pellet feed on the growth performance of juvenile climbing perch (Anabas testudineus) and some
parameters of water quality. A completely randomized design (CRD) with triplicates was used in this
study, Juvenile climbing perch with an average initial weight of 0.54+0.11 ¢ and an average length of
3.0£0.4 cm were used. Five groups of experimental treatments: a group without probiotic
supplementation (a control group), probiotic-supplemented commercial feed at concentrations of

0.5%, 1%, 1.5%, and 2% respectively. After 60 days of experimental period, the result of this study
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showed that in growth performance consists of average weight, average length, survival rate, feed
conversion ratio (FCR), average daily weight gain (ADG) and specific growth rate (SGR) of all groups were
not significantly differences (P>0.05). In terms of water quality parameters, dissolved ammonia in 1.5%
and 2% probiotic-supplemented groups have a significantly different (P<0.05) when compared with a
control group. The ammonia concentration in this group was 2.7+0.6 mglL™ and 2.6+0.6 mglL™
respectively. In addition to the ammonia levels, other water quality parameters showed no statistically
significant differences (P>0.05). In conclusion, probiotic supplementation at a rate of less than 2% may
not affect the growth performance of juvenile climbing perch. However, the supplementation at least

1.5% of commercial feed weight can positively impact on water quality improvement.

Keywords: Climbing perch (Anabas testudineus), Probiotics, Growth performance, Water quality

Uni

Uamuelne (Anabas testudineus) Foviasduldun Yarmue Yands iudaiesdunsyateuged

Y

puurasdannaavesUszmelng Taedulaidefuduieulnedeuuslnrogiunsvats nondauad
yuglneanniswnizidedlud wa. 2566 fUTuTan 898 du Anluyad 66.3 S1uum (nsuussan, 2567)
Uniuaaluniseyuiatamuelneasldnaiuszanm 2 weu mniindgymlutisiaidinanevdwalinis
WuladAalidulumandmneinensnsnaueuld rawuazany, 2563) anmsiasdudasiivuiuduiie
povaussauFaIMsvawuilnawazanultuiuewvasanmennia oravhlidafiidenuaioaauiela
LLazdaiﬁLﬁG]mmLﬁ'aﬂmmammmwﬁwmﬂmiL?:anmﬁu (Nguyen, 2017) ‘ﬂﬁ]ﬁ;ﬁ’uﬁaﬁLLuaﬁmﬁ%ﬂixqﬂﬁ%

5n139199) Tunsarvesdetazissnssgiulnvesdmiunlnno Wi wu nisdeswuululenasalaenisasng

a

ngnauNilydunIdngs Heterotrophic bacteria Wite%ieiiiun1sasyiivlnvesdniiiuazanveadsluiian

a a

34889 (Azim and Little, 2008) visensiasugduvsdilulnslulefin Ineniswauqdunsddmanuuaiiieana

3

Lactobacillus, Bacillus, Nitrosomonas, Nitrobacter LLasgaﬁmwﬁﬂﬁmmmLﬁﬁyLLazmﬁﬂasﬂu‘izUU
maiuemsdnitilaadueims Wevihlidaiunddnsiniswsyiulaiiudu Undiawasane, 2552; Boyd,
1979) 33n1swanfifodusuinanidslrnisinnzidesdaniunduiinsdudaindeunazannisidaisiailunig

Wesauiloasemnugeiuwnguilag

v
v L

gaunsdlnsluleAnifevldlunismsidesdniundniinuandilunisndnouleinieg fislunisges

wazgefuansoims Susimanimeadensolsn naeduniduiuvesdnii saudsddutslunmstidavends
Tnenstesaneansdunisanéauazintagunminannindes wu anduenluflsuaglulsifiavaulu
sudunstadfiuussans imnsasauleliatu (@umeduaznae, 2567; Gildberg et al., 1997; Prasal et
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Table 1 Nutritional value of the commercial carnivorous fish feed.

Nutrients Percentage (%)
Crude Protein 42
Crude Fat 6
Crude Fiber 3
Moisture 10
Total Ash 12
Nitrogen Free Extract 27

Total 100
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Table 2 Growth performances of climbing perch after 60 days experimental period.

Treatments MW (g) ML (cm) SR (%) FCR ADG (g.day?)  SGR (%.day
R
control 7.36+1.30° 7.0+0.6° 93.3+11.5° 1.8+0.4% 0.11+0.02° 4.34+0.31°
0.5% PS 6.24+1.50° 6.7+0.7° 86.7+5.8% 2.2+0.5% 0.10+0.022 4.05+0.38°
1.0% PS 6.69+1.50° 6.8+0.4° 83.3+5.8° 2.0+0.4° 0.10+0.02° 4.17+0.35°
1.5% PS 8.17+2.00° 7.3+0.6° 85.0+10.0° 1.6+0.5% 0.13+0.032 4.49+0.42°
2.0% PS 7.52+0.70° 7.3+0.1° 93.3+11.5° 1.7£0.22 0.12+0.01° 4.38+0.15°

Note PS: probiotic supplementation, MW: mean body weight, ML: mean total length, SR: survival rate,
FCR: feed conversion ratio, ADG: average daily weight gain, SGR: specific growth rate Mean+SD (n=3).

Different letters in column indicate significant difference (P<0.05)
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Figure 1 Effects of diet probiotic supplementation (PS) on growth performance parameters in 60 days

experimental period. A: Body Weight, B: Total Length, C: Survival Rate (SR), D: Feed Conversion Ratio

(FCR), E: Average Daily weight Gain (ADG), F: Specific Growth Rate (SGR).
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Figure 2 Effects of diet probiotic supplementation (PS) on water quality parameters in 60 days

experimental period. A: Temperature, B: Dissolved oxygen (DO), C: pH, D: Ammonia.
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Table 3 Some water quality parameters of climbing perch after 60 days experimental

period.
Treatments Temperature (°C) DO (mg.Lh) pH Ammonia (mg.L?)
control 26.0+0.0° 3.0+0.0° 7.0+1.3° 10+0.0°
0.5% PS 26.0+0.02 3.0+0.0° 6.7+0.6° 5.0+0.0°
1.0% PS 26.0+0.0° 3.0+0.1° 6.7+0.32 3.7+1.20
1.5% PS 26.0+0.02 3.0+0.0° 6.5+0.52 2.7+0.6°
2.0% PS 26.0+0.0° 3.0+0.0° 6.2+0.32 2.6+0.6°

Note PS: probiotic supplementation, DO: Dissolved oxygen, pH: potential of Hydrogen ion

Mean+SD (n=3). Different letters in column indicate significant difference (P<0.05)
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Abstract

This academic article aims to extract lessons learned from the Huai Sai Royal Development
Study Center in Phetchaburi Province and synthesize them into a model for developing community-
based agritourism in Nakhon Phanom Province. The study compiled information from academic
documents, research reports, and relevant statistics, along with field study visits to the Huai Sai Center,
observations of various activities, and interviews with staff and experts in royal initiative development.
The collected data were then analyzed through content analysis and synthesized into a conceptual
framework. The study identified five success factors at the Huai Sai Center: development following the
Sufficiency Economy Philosophy that prioritizes food security, innovation creation from local wisdom
that adds value to products, circular resource management that utilizes space efficiently, community
participation in all stages, and functioning as a living museum providing comprehensive learning. The
article synthesized an "Agriculture-First, Tourism-Follows Model" consisting of five bases, which can be
applied to target areas in Nakhon Phanom Province, particularly Tha Kho Subdistrict in Mueang Nakhon
Phanom District, a community tourism destination that has received the Community-Based Tourism
Standard from the Department of Tourism and possesses significant potential in the cultural identity of
the ancient Marukanakorn city along the Mekong River. This model emphasizes building a strong
agricultural foundation before integrating tourism to create added value and distribute income fairly to
communities, which aligns with Nakhon Phanom Province's context characterized by ethnic and cultural

diversity along the Mekong River.

Keywords: Agritourism, Huai Sai Royal Development Study Center, Community-Based Tourism,

Sufficiency Economy Philosophy, Nakhon Phanom Province
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Abstract

Given the continuously increasing amount of food waste and inefficient management practices,
this study aimed to evaluate the performance of a prototype semi-automated in-vessel bioreactor
composting machine capable of controlling temperature, aeration, and pile turning, in comparison with
conventional pile composting over a 7-day period. The results showed that the composting machine
effectively maintained thermophilic conditions, reduced the moisture content of the composting
material to 23.5%, increased seed germination to 46.8%, and produced organic material with particle
sizes smaller than 6 mm from the first day of composting. In contrast, conventional pile composting
exhibited a higher moisture content (50.54%), a lower germination rate (8.16%), and incomplete organic
matter degradation. Chemical and physical analyses revealed that compost produced by the semi-
automated system contained higher total macronutrient content (NPK, 3.97%), organic matter (34.63%),
and a favorable C/N ratio of 13, meeting organic fertilizer standards and significantly outperforming
conventional composting. These findings demonstrate that a prototype semi-automated in-vessel
bioreactor composting system is effective in accelerating food waste decomposition, reducing moisture
content, and producing high-quality organic amendment. Therefore, this prototype technology shows
strong potential for on-site food waste management, supporting resource recycling and reducing

environmental impacts.

Keyword: Food Waste, In-Vessel Composting, Controlled Conditions, Aeration, Zero Waste
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Figure 1 In-vessel bioreactor composting machine and its major components: (1) feeding hopper, (2)
control panel, (3) electric motor, (4) hot air blower, (5) bioreactor tank, and (6) compost collection

chamber.
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Figure 2 Percentage of the mixture used for food waste fermentation (a) and Percentage composition

of collected food waste components (b).
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——in-vessel composting machine Temperature inside the pile
==in-vessel composting machine Temperature in reactor

= conventional composting Temperature inside the pile

conventional composting Temperature in reactor
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Figure 3 Temperature changes inside the fermentation chamber during food waste composting under

in-vessel composting machine (experimental) and conventional (control) treatments.
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—in-vessel composting machine = conventional compesting | (g)
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Figure 4 Changes in moisture content (a), sieve-passing material (b), and seed germination (c) during
the composting process of food waste under in-vessel composting machine (experimental) and

conventional (control) treatments.
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Figure 5 Physical characteristics of the composted food waste material after 7 days under in-vessel

composting machine (a) and conventional composting without machine operation (b).
. = 4 av oy L
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Table 1 Comparison of chemical and physical properties of food waste compost produced by in-

vessel composting machine and conventional composting with compost standards.

Compost standards of the In-vessel
Conventional
Compost parameters Department of Agriculture composting ‘
(2005) machine composting

Total N > 1% by weight 153 a 0.89 b
Total P,Os > 0.5 % by weight 1.62 a 0.75 b
Total K,O > 0.5 % by weight 0.82a 0.42 b
Note: or having a total amount of
macronutrients > 2 % by weight 397 a 206 b
Organic matter content > 30 % by weight 34.63 a 12.23 b
Moisture < 35 % by weight 235b 50.54 a
Germination > 80% 46.83 a 8.16 b
C/N ratio < 20:1 13b 36.15 a
Electrical Conductivity <6dSm™ 3.82b 542 a
pH 5.5-8.5 7.7a 8.16 a

Not more than 12.5 x 12.5
Particle size mm. (%) 100 a 61.25b

Size exceeding 5 mm, <
Quantity of rocks and gravel 5% by weight. 0a 0a
Plastic, glass, sharp materials, or other
metals Not found Not found Not found
Arsenic <50 mg kg 0.613 a 0.785 a
Cadmium <5mgkg’ 0.11a 0.25a
Chromium < 300 mg kg 59.47 a 61.25 a
Copper < 500 mg kg™ 16.4 a 15.24 a
Lead < 500 mg kg™ 2.033 a 2.015a
Mercury <2mgkg” 0.071b 0.628 a

Note: Mean values of fertilizer properties between the composter (experimental) and conventional

compost (control) were compared using the t-test at the 95% confidence level. Different lowercase

letters in each row indicate statistically

significant differences.
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ABSTRACT

Pak E-nun (Adenia viridiflora Craib) is a local vegetable with high nutritional value and herbal
medicinal properties. This study aimed to investigate production systems, marketing systems, and
problems faced by Pak E-nun farmers in Sawai Sub-district, Mueang District, Surin Province. A qualitative
research approach was employed, using in-depth interviews with 6 purposively selected experienced
farmers. The findings revealed that production systems could be classified into four types based on
farm size and production objectives: large-scale commercial diversified variety system, large-scale
commercial single variety system, medium-scale semi-commercial system, and small-scale subsistence
system. Farmers primarily cultivated the Thawai variety with regular irrigation twice daily and mixed
application of chemical and organic fertilizers. In the 2024/2025 growing season, yields ranged from
410-600 kilograms per rai, generating net income of 22,830-32,310 baht per rai. Notably, large-scale
commercial systems achieved similar yields per rai as small-scale systems, reflecting labor constraints
affecting production efficiency. Marketing analysis showed that farmers sold 60% of their produce
through middlemen and 409% through community channels. Farmers in different production systems
experienced varying levels of severity in production and marketing problems. However, declining
product prices, high dependency on middlemen, and rising chemical fertilizer costs were identified as
major problems across all production systems. Development guidelines for production and marketing
of Pak E-nun applicable to all farmers include: (1) promoting farmer group formation to enhance
bargaining power in marketing, collective procurement of production inputs, and knowledge exchange
among members; (2) encouraging farmers to produce and use organic fertilizers to reduce chemical
fertilizer dependency; and (3) developing alternative marketing channels to reduce reliance on
traditional markets and increase sales opportunities. Additionally, for farmers facing specific challenges,
particularly those in small-scale subsistence systems with constraints such as elderly farmers and
limited marketing channels, skills development in seedling production for sale or product processing
(such as pickled or dried vegetables) should be promoted. Furthermore, pairing with young farmers

should be facilitated to support access to markets and new technologies.

Keywords: Pak sarb, Local vegetables, Production and marketing, Adenia viridiflora Craib, Surin
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v a

Mnmsieneidoya GdlFuunUsnamaiuteuwnwnsnaugnindyuluiui Tnglduunaassuy
Ans¥i$u (Farming systems) tnauaiii i lunnssuunde ’;’mqﬂixawﬂummamLLazmumﬁuﬁIumﬁwam (Food
and Agriculture Organization, 1990) &saunsautiean {u 4 seuu fie szuunmsudndanduduunalveild
Wugwuunainuane (Large Commercial-Diversified) sz uun1suanidsnidlvdvualngldiugifen (Large
Commercial-Specialized) SPUUNMIHARLUUAINATSIUINUILNa1e (Medium Semi-commercial) wagszuy
nsuaniouslnavuiaidn (Small Subsistence) Tagnudn INWASASATTULUUANTHAR WUUTTUUNSHAALUY
Asndvdvuinuiunans wazszuumskaniievilanunadniduununinsiengugininszuunsuands

wislvdvunlveg waziivunanunnswdsdndyu 1-2 lsdeasudou luvasnssuumndndandvdvunaivg

flgunaituii 4 15 (Table 1)

Tablel Farmers’ and farms’ characteristics of E-nun vegetable farmers

Farmer types

Items Large Large Commercial- Medium Semi- Small
Commercial- Specialized commercial Subsistence
Diversified
1. Number of farmers
1 1 2 2
belong to the group
2. Age (years) 50 55 43 (24-62) 61 (55-67)
3. Number of agricultural
2 2 1.5(1-2) 2
laborers
4. E-nun production
a4 3 3.5 (3-4) 3
experience (years)
5. E-nun production area (rai) 4 4 2 1
6. Ratio of planted areas to
2 2 1.33 0.5

agricultural laborers

Note: Data is average and range is presented in parentheses for more than 1 farmer per type
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2. FFUUMINANLANITAIARNDYUVDANEATNT AUAEEY duNaLlIDY JWIngTunNs
2.1 SPUUNSHAR
2.1.1 angwusindyy
inwasnasuaane suneiles Smingiuns Haueugnindyuiugymiedundn iesan

Wugnnaduiugiudiu numuselse Winandage wasdunfeulunain Taglussuunmsndadandydauin

£
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q

v
o

uardnuunIoaNNa \Wu v efieanuanasevisd tnedeusidudefiienlneinuasnsluiiud (Figure 1)
inwmsnsteduiuinsunelndifedlusmingiuns feasvouliriufninduanuainnansvesiug.iie
nsrneanIdsuaziiivlonanianimmatn dnduszuumssdndendedunalngilifugiden inunsns
Ugniitesitugymeiomn 4 15 Tasinwnsnsdenldiusniedomninadgivlndluiud uasliuanind
wnnIiugdy ogslsinu enafinnudesgunniianisssuinvedlsauaziaas dmiUszUUNIHARLUUAS
widlvdvunaUiunans inwasnsugniugmeduvdn uasildiugduluuisdiuy Tuvaed ssuunsudauuuie

v a v ¢

Uslnauunadn inwasnsvia 2 518 Ugndndyuiugninesieas 1 15 wieuilaalupsusewdundn (Table 2)

Table 2 Varieties of Pak E-nun planted by different types of farmers

Farmer types

Large Large
ltems Medium
Commercial- Commercial- Small Subsistence
Rai / Total Semi-commercial
Diversified Specialized
Cultivated Area
Farmer 1 Farmer 1 Farmer 2 Farmer 2 Farmer 1 Farmer 2
(4 rai) (4 rai) (2 rai) (2 rai) (1 rai) (1 rai)
1.Tawai variety 1 a4 1 2 1 1
2. Rugby variety 1 - - - - -
3. Prinoeng variety 1 - - - - -
4. Yod Nam variety 1 - - - - -
5. Mixed varieties - - 1 - - -

(A) Tawai variety (B) Rugby variety (Q) Pri-noeng variety (D) Yod Nam variety

Figure 1 Different types of Pak E-nun, called by farmers, in the area. (A) Tawai variety, (B) Rugby
variety, (C) Pri-noeng variety and (D) Yod Nam variety
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Figure 2 Seedlings (A) and growing conditions of farmers (B)
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Table 3 Comparison of agricultural practices across different production systems

Agri. GMS. Vol 2 (2) : 52-71 (2025)

Production system

ltems Large Commercial- Large Commercial- Medium Semi- )
Diversified Specialized commercial small Subsistence
1. Irrigation
1.1 Irrigation Community pond Village groundwater ~ Community pond/ Community pond/
resource well Village tap water Village tap water
1.2 Irrigation Daily, Daily, Daily, Daily,
frequency morning+evening morning+evening morning+evening morning+evening
1.3 Irrigation Manual watering Manual watering Manual watering Manual watering
method
2. Fertilizer 15-15-15, 46-0-0 15-15-15, monthly Manure / Manure +
application + manure bio-extracts / 15-15-15,
15-15-15 every two months
3. Pest and Pesticide+ Pesticide+ Pesticide+ Hand picking +
disease control Biopesticide Biopesticide Biopesticide Biopesticide

v A

UfiunisinzUgnindyuvetnunsnsfugnindyuia 4 seuv wandliiuinnensnsd

Y Y Y Y
v
o o
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nanfedalutaziannn iesanmsssuinveusasingiivagyinlinissenvesdlutazsendinineuiidausslud
demeiisadntos lnendanugndndyuudnunsnslade Yrsarlunislddesianuunndneiu lneseuy
nswandsndvduuelng 1ioiaiigns 46-0-0 Wiieissonseu uastegns 15-15-15 evgewiuainiuldde
ponluszesidon uazSufunandnsounsntiafeuiguisu-weudenan duszuuisndvdvunnlmnnais
Tisonnfigns 15-15-15 uazdeaenuierdunisdunneiuadudianfouiunau-founguniey fusueen
nenfuiiounguaAN-Lieulquisy iunandnldluriafeunguaauau-tieudsnay dusussuuiie
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Figure 3 Crop calendar of Pak E-nun in the area
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Table 4 Fruit yield of Pak E-nun across different production systems

Production systems

Large Large
ltems Medium Semi- Small
Commercial- Commercial-
commercial Subsistence
Diversified Specialized
1. Number of production
2 2 2 2
cycles per year
2. Production quantity
250 300 205 (200/210) 250
(kg/cycle/rai)
3. Production quantity
500 600 410 500
(kg/rai/year)
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Apunthii (Table 5)

Table 5 Initial production costs and variable costs in 2024/2025 growing season of Pak E-nun across

different production systems

Production system

Large Large

ltems Medium Semi- Small

Commercial- Commercial-

commercial Subsistence
Diversified Specialized

Initial Costs (Baht/rai)
1. Seedling cost 2,500 2,000 1,900 1,800
2. Land preparation cost 0 250 125 150
3. Trellis equipment cost 5,450 5,810 250 230
Total initial cost 7,950 8,080 2,375 1,180
Variable Costs (Baht/rai)
1. Fertilizer cost 200 145 125 165
2. Water cost 0 0 10 5
3. Pesticide cost 200 0 0 0
Total variable cost 400 145 135 170
Total cost 8,350 8,225 2,510 1,350

o a ' ' '
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Na® (Table 6)

Table 6 Income of of Pak E-nun across different production systems

Production system

Items Large Large Commercial- Medium Semi- Small
Commercial- Specialized Commercial Subsistence
Diversified

Average yield per cycle (kg/rai) 250 300 205 250

% Yield loss 8 10 6.13 6
Saleable yield (kg/rai/cycle) 230 270 192.5 235
Selling price (Baht/kg) 70* 60 60 60
Total income (Baht/rai/cycle) 16,100 16,200 11,550 14,100
Net income (Baht/rai/cycle) 15,700 16,155 11,415 13,930
Net income (Baht/rai/year) 31,400 32,310 22,830 27,860

Note: * Average Selling price: Tawai variety = 60, Rugby variety = 80, Prinoeng variety = 80 and Yod Nam
variety = 60 (Baht/kg)
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Table 7 Marketing information of Pak E-nun in the area according to the Marketing Mix (4P) of different

production systems

ap Details Production systems
Large Large Medium Small
Commercial- Commercial- Semi- Subsistence
Diversified Specialized Commercial
1. Young fruits N4 N4 N4 N4
Product
2. Seedlings N4 - - -
1. 60 Baht/kg: Direct sales N4 N4 N4 N4
with consumers within the
community
Price 2. 55 Baht/kg: Sales through N4 N4 N4 N4
middlemen (Price based on
negotiation)
1. Direct within the
community
1.1 Local shops N4 N4 N4 N4
Place 1.2 Fresh markets N4 N4 - -
1.3 Local consumers N4 N4 N4 N4
2. Sales through middlemen
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ap Details Production systems
Large Large Medium Small
Commercial- Commercial- Semi- Subsistence
Diversified Specialized Commercial
2.1 Middlemen in the N4 N4 N4 N4
district.
2.2 Middleman sell in other N4 - - -
districts
2.3 Middleman sell in larger N4 N4 - -
cities
1. Word-of-mouth within the N4 N4 N4 N4
community
2. Special price during N4 N4 N4 -
Promotion | periods of high production
3. Use of social media or N4 N4 N4 -
community Line groups

a
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Figure 4 Flowchart of Pak E-nun Growers in Sawai Sub-district, Mueang District, Surin Province
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(D) Small Subsistence

Figure 5 Farmers’ opinions on the levels of production and marketing problems of different

production systems
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LNBATNSIIBNUINSIEYINaeT LRI EDNENNIASTTUMENA IiNananE s e T usuILNIn (Figure 5)
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Figure 6 Larvar of Cethosia cyane euanthes Drury (A) and fruits damaged by insects (B)
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Table 8 Guidelines for improving the production and marketing of Pak E-nun among farmers in Sawai

Subdistrict, Mueang District, Surin Province

Target group Main problems Solution guidelines

1. Declining product prices | 1+ Establish farmer groups

(73.33% decrease in 3 - Pool products to enhance bargaining power
years) - Collective procurement of production inputs
2. High dependency on - Knowledge exchange among members

middlemen (60%) 2. Promote organic fertilizer production and use
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Target group

Main problems

Solution guidelines

Group 1 AUl Farmers

3. Rising chemical fertilizer

costs

- Train farmers in compost production from local materials

- Support knowledge of photosynthetic bacteria to reduce

costs

3. Develop alternative marketing channels

- Online markets (Facebook, LINE)

- Establish weekly farmers' markets

Group 2 Large-scale
Commercial Systems

(Both Types)

1. Labor constraints (2
rai/person)

2. 20% yield loss

3. Potential specific to

diversified variety system

1. Improve labor efficiency

- Hire temporary workers during harvest periods

- Divide plot into management zones by pruning different
zones at different times or different pruning levels to distribute

labor use

2. Apply machinery or labor-saving technology

3. Expand premium variety sales (Diversified system only)

- New variety seedlings for selling (Rugby, Pri-noeng)

Group 3 Medium-scale
Semi-commercial

System

1. High production costs
(high level)

2. Limited marketing
channels (highest level)
3. Pest management
knowledge (moderate

level)

1. Urgently reduce production costs

- Emphasize organic fertilizer, reduce chemical fertilizer

- Study best-practice farmers

2. Expand marketing channels

- Join farmer groups

- Develop online selling skills

3. Enhance pest management knowledge

- Train on pest management

- Use biopesticides combined with chemicals

Group 4 Small-scale

Subsistence System

1. Limited marketing
channels (community only)
2. Lack of technology skills
3. Elderly farmers

1. Increase income from by-products

- Produce seedlings

- Process products (pickled vegetables, dried vegetables)

2. Develop marketing skills

- Pair with young farmers for support

3. Maintain existing community market

- Build relationships with existing customers
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