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Abstract

This research aimed to compare the suitable solvent to separate
aluminium foil and polyethylene plastic from UHT beverage packaging. The
parameters studied were as follows: 1) solvent types; blended organic solvents
among benzene, ethanol, and water; mixtures of organic and inorganic acid
prepared from acetic acid and nitric acid in the presence of water; and a single
organic acid as acetic acid; 2) solvent concentrations; and 3) separating time
affecting recovery and loss percentages resulted by those parameters were
evaluated. The results reveal that all blended organic solvents could be used
to separate aluminium foil from polyethylene plastic based on the principle of

dissolution of polar and non-polar solvents. The non-polar solvents created an
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interaction between the solvent molecule and the polyethylene plastic, while
the polar solvent with the acidity formed the ionic interaction with aluminium
oxide which caused the polyethylene plastic be separated from aluminium foil.
The blended organic solvents consisted of benzene, ethanol and water with
the ratio of 35:35:30 at 60° C for 60 minutes could separate polyethylene plastic
from aluminium foil. The highest recovery percentage and the loss percentage
of 57.78% and 2.68%, respectively, could be obtained. However, the separation
process was not complete at this ratio. The mixtures of organic and inorganic
acid prepared from 5 vol% of acetic acid, 4 vol% of nitric acid, and water at 60°
C for 30 minutes could separate polyethylene plastic and aluminium foil.
Likewise, the highest recovery percentage and the loss percentage of 74.20%
and 3.55%, respectively, could be obtained. The separation process was not
complete at this ratio also. For this research, it could be concluded that the
organic acid combined with inorganic acid using 10 vol% of acetic acid and 2
vol% of nitric acid at 60° C for 60 minutes performed the highest recovery
percentage of 98.50% and the lowest loss percentage of 1.50%. Moreover, the
single organic acids, e.g., 10 vol% of acetic acid at 60° C for 120 minutes
performed the highest recovery percentage of 98.04% and the lowest loss
percentage of 1.96% without unseparated sample left. Thus, both solvent types
were suitable to separate polyethylene plastics and aluminum foils from UHT

beverage packaging.

Keywords: plastic aluminium foil sheet, acetic acid, nitric acid, benzene,

ethanol
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Nava9 BA fian1sasguasiauvaIndenmaiuny (Rosa chinensis
Jacq. var. minima Voss) Tuaaannaas
EFFECT OF BA ON GROWTH AND DEVELOPMENT OF IN VITRO LATERAL
BUDS OF MINIATURE ROSE (ROSA CHINENSIS JACQ. VAR. MINIMA VOSS)
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Abstract

The purpose of this research was to investigate In vitro lateral buds of
miniature roses culturing in semi-solid Murashige and Skoog (MS) 1962 medium
supplemented with 0, 1, 3 and 5 mg/l and incubated at 25+2 °C under 16-hour
photoperiod of 2000 lux light intensity for 6 weeks. The results found that the
growth of the lateral bud in vitro culturing in MS medium in combination with
3 mg/l BA could induce the most complete new shoots on the average of
16.9 shoots per component with the highest average height of 4.03 cm which
was significantly different from those of the control treatment at 95% of confidence
level. On transferring young shoots of miniature roses from the culturing
environment to grow in the external environment, it was found that the young

plants could adapt and grew well with 80 % survival.
Keywords: Miniature Rose, Plant tissue culture, Plant growth regulator
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Abstract

This research study the gas forecast form biogas production in Suphanburi
province. With the Box-Jenkins method, Biogas is an alternative energy containing
CHy gas CO, gas and H,S gas, respectively. Monthly biogas data for 8 years total
forecast since 2010 to 2017 by dividing the forecast data into 2 sets. The first
set of data monthly from January 2010 to December 2016, amount 84 data.
To create a forecast model for each type of gas and the second monthly data
set in 2016. A total of 12 data were used to forecast the performance against
the actual value. The results of the study showed that the model. The forecast
of CO, gas is suitable for to create the most forecasting model with the value.
The absolute percentage error (MAPE) was lower than other gases and when the
subject was used. The comparative gas forecast shows that the values are close

to the values of biogas. Box-Jenkins is suitable for to analysis time series data.
Keywords: Forecast, Biogas, Box-Jenkins Method.
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uazlnsnewdnd-100
PLANT GROWTH PROMOTING ACTIVITY OF PEANIBACILLUS SP. BSR;.; AND
NAPHTHALENE ACETIC ACID TOWARD SPIRODELA POLYRRHIZA
CULTIVATED IN CADMIUM AND TRITON X-100 CONTAMINATED WATER
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Juwwililugandwisnuuanlifiuandion dalu NAA uasdnasuwaaves Peanibacillus
sp. BSR,; ldwwnzanlunisduasunisiasqiaulnvesiigluihninisuuilousiuiu
FEMINLAALTBUAUAITAALTIRIND eAsltoanTudinszistdnduy Wson slgnLie

AuvRdNMusauanlisuLavasaeendulasely

Adfsy:  nsndulaa-3-weddn, uaalley, Anulufivdeiiy, lnsewldnd-100,

ansanussiadunsze, waudalve)

Abstract

The objective of this study was to evaluate the effects of two auxins;
indole-3-acetic acid (IAA) produced by Peanibacillus sp. BSR; and naphthalene
acetic acid (NAA) on the growth stimulation of duckweed in water co-
contaminated with Triton X-100 and cadmium. It was found that two types of
plant growth regulators were NAA and bacterial culture filtrate of Peanibacillus
sp. BSR4, was unable to increase the biomass and chlorophyll content of the
duckweed when compared with treatment without plant growth regulator.
However, when comparing treatments with equal growth regulators, exposure to
NAA or bacterial culture filtrate of Peanibacillus sp. BSR,_; resulted in the total
chlorophyll A and chlorophyll content in cadmium-containing treatments
trended to be higher than those without cadmium. With these results, NAA and
bacterial culture filtrated of Peanibacillus sp. BSR;.; is not appropriate to
increase plant growth in cadmium and surfactant co-contaminated water.
Therefore, other synthetic auxins or cadmium tolerant- and IAA producing

microorganisms should be used instead.

Keywords: Indole-3-acetic acid, Cadmium, Phytotoxicity, Triton X-100, synthetic

surfactant, Spirodela polyrrhiza
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wanwlesludnsisuazanasiosndt 0.0001 dadnsu/ans uaglugguuuiinauaaides
Lﬁuqqsﬁulﬂu 0.0005-0.006 fadn3u/ans @rwvIunauanlouiinulusyninves
yosudeiuwuassdansranluggpuilAisewing 0.0042-0.997 fadnsu/dns dwsu
Auluunaduuderliivsinuwesflesuifousgssning 2.5-87.6 fadn3u/
Alan3u (Kosolsaksakul et al,, 2014) luvazinuluvinadunziiz Sunouiaen
Fafamndstseglndtuuinaifinmehmiiousmnnhiimstudiouveuande
gandn WnenudTinauwendeulufiuiiaisening 0.5-284 dadnu/Alansu (Simmons
et al,, 2005)

maUudoutmfussniuanfouuararsanussisindauaneiluundani
sssufenaiatulfidesanmsthanandouiivudeuluthidefeds micelar
enhanced ultrafiltration &sldansanusssinfuasginvudevlussiuamududud
inninaaududuingafiteBuinlugad (critical micelle concentration; CMC)

nsfialassadeluadiliuinaiuiineluvesluwadauisagadulessuves

o A
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Tangl3lédnussiagalnilaiing (electrostatic interactions) 9ndudsuenlaiana
maﬂamﬁaaUJ'mstulmszjaéaaﬂmﬂfﬂﬁUuLﬁaué’asJL?J'aﬂsawumLﬁﬂﬁﬁgmawmﬂ
dinniluanavesasuseneuldstousenindlossuvetlansuazlugad lnvvlinves
ansanusafaiafiinenuinhuldlunstidawenfloudedsnsdingts wu ns
NBUONG-100 (Triton X-100) (Huang et al,, 2014) mstrauanlanlnenisldans
anussisRaenilhinnsvuiouvesasiaiisrdouldlunsdfiiiisnismanily
Uszgndlddiauinadvudeutsuaznnnisdansiiifuasaaussisiilduas
wanleudirunstidaeanaindinalsuda
msldfailunsidalangainluifivuidewlansminduiistenuets
N91197719 @989 LmuL‘TJﬂImﬁaLﬁuﬁmﬁw%agéaaaawuﬂaﬁﬂ WULWINTEDY
lUluumani Ssenunansesdauandosesnainihfivuideuld (Chaudnuri
et al,, 2014) UBNINI Fals189UIRVTYY WLLAS 98N HNYe wae Lemna
minor annsaesgluhivudou cd 10 me/l wavansaazauuanlovhuiode
1¢ (Bunluesin et al,, 2004) Msldasmuaunsaiyivlnvesinduidnsviled
Freliitenunuselaneninlddty fogradu nsli 1AA anunsafiudiunaves
Bidens pilosa Mmasalunuiivuiounziald (Salazar et al, 2016) n1stiuouln
TigAidawenléann Solanum nigrum wazatunsaada IAA Ie Wifudu Solanum
nigrum ﬁLﬂ%@iuﬁuﬁUuLﬁaumeﬁw wuhansafiunissaiulawasnsagay
wamdlenld (Chen et al, 2010) msAnwrdaalduszifiunnudufiviuiusening
uanLllounazasanusssinduased laun nsneudnd-100 egrelsAniunisin
widalnglundrdausnaivudeusufusswiandeuwas nsnewdnd-100
anaiifesinaneuiufivresansiaosin Inglnsmeusnd-100 fsenuindma
Trimidnveswnudaluganas (Somtrakoon & Chouychai, 2018) dauuAniiey
fssnuidmaanUsunaunaslsiad dminan uasuinalusiuvoswnudalng

o
£ £ = a

(Seth et al., 2007; Chaudhuri et al, 2014) fstiun1sAnw1d3afifngUszasdiiie

| LY

neaeuUsvansnmueinsldadunidnauativayunisiasayvesity Paenibacillus sp.

9 9

BSR, ., (AeneAdsiu Paenibacillus polymyxa 97% lagldtayavindiquiuauu 16s

rDNA) iflaa1u @1unsalunisude 1AA nszsunisiyretwnudalngluaniizi

o o
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Isuwandensiuiuasanussisin InewSeuiisuiunisnszqueie NAA daduans
muaunstasivladuaseilunguoenduviianianteuldnianisinensuasnis
Hunannwindaunuuideulangyiin ielildisnsivanzaulunisirdmininig

Yuiousiuseninaniolnazasanwsananmely

W/Aun153e
1. wisuhivudeusiufusewindnsmeudnd-100 wasuandlon
Bnduusiaanideunvililuidougrsuaniionlagduaisazans
uantdelulnse [CANO,)2.4H,0] (UTEW Asia Pacific Specialty Chemicals Limited,

a

New South Wales, Australia; m213103gn3 99%) ielvfiannadudugasineves
wanidlenloseuluivindu 0.05 fadniu/ans mnduiiulnmeudnd-100 asgtndl
STAUANULTNTY 0, 0.5 way 1.0 Wirvesanuluduingavesnisiialueas (CMC)
yailnsneudng-100 Ysuiewweniiivuideuldilimiafu 6.5-7.0 $2 NaOH 1 N
mﬂﬁ?uLLﬂaﬁwﬁUuLﬁauaagjmﬁnuzﬁ‘l,%mwLﬁyw,mulﬂmlmjmﬁnuzag 50 Uaaans

2. wisneawmildnnnamsisuuafidedsd 1A nauog

WELEseuUATiY Paenibacillus sp. BSR4 wipulnemnzidesly
8113 nutrient broth U3u1as 50 Sadans vuidelulaiosvgndrsniiuga 100
soU/WT avuAugamiiidu 30 °C WWunan 24 . Auisnwadiaeiludumies
Frewmiondunsiadauds 8,000 seu/ud Wunan 30 W wisdwvetems
FoadeU3ina 2 Tadans 1AATEiUTINA) IAA MNaRSR15Yes Ahmad et al (2008)
QWﬂﬁuﬁwdaumaqawwﬂiLgaﬂL%@iﬂﬂsaaé’wL?J'aﬂiaﬁﬁsummgwqu 0.45 lulasiuns
newihlUltlun1snaassluneusely

3. NaYRIAIIAIVANNITISAULATeinaueenFusen Ll ufivyes
wealsunazlnsvewdnd-100 seuvudalng

NINAFRUNATEIEIAIVANNSRSvesiivtlundueandu laun NAA LAz
Aoseaduuafiae Paenibacillus sp. BSR; fensiasayvaswmudalna iz des
Tuhfivulounenfloniisdiuazdfivuilouuandlousuiulnsmewsnd-100

MUNUNITNARDILUY completely randomized design (6x3) Uady Jaduusnme

o
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seAUANUINTUYRIlNINaudng-100 srufukaniiouloaau (0X + CdO, 0.5X +
Cdo, 1.0X + Cd0, 0X + Cd0.05, 0.5X + Cd0.05, 1.0X + Cd0.05) ﬂa%’aﬁaaaﬁa
Aadudures NAA fimnadudu 0, 1 wag 5 Hadn3u/Ans iu NAA adluludy
SUAUTEINNTVIAGRS mmfué’wLmurﬁlmiﬁwj%uﬁumﬂLmzﬁaﬁfﬂﬁiimwaLLasm’mmi
oyualuthnduinudafuna 2 funsinmnzdsduhivudeuiiasdaeas 50
fadans vhn1smnaomINn 6 9 LﬁaLWWL?T&NLmuLi‘JmMzQIﬁmq 7 JuliAuunu
Delwguninsizinisasadivln Wud dmihan timdnuds wasUSinunaslsilad
Tuluvesunulalugn1uisnisves Huang et al. (2004)

nsvedeUNATBIENIMUANNSTTesRivlungueandu Téun NAA wazi
Beswaduuaiiiie Paenibacillus sp. BSRy ; sienmsiasayvesunudalnag iz des
Twhivudeuuandendfisdiauasiivudeunandlonsuiunsnewdnd-100
vuieafunsly NAA Wsswidsuduidonsaduuaiiie Paenibacillus sp.
BSR,,MU3unas 1 uay 2 faddns/de

4. MFATIEITeYAN1NEnA

drmifnan d1ndnuie wazsUuunaslsiladuansdionade + a1
ARNALARDLLNMTEIL FLATIZIIANAUANAI9TEIINININAATIY Two - way ANOVA

WAZIATIENAILLANGYBIALRRETI8ANIETS LSD’s test

NaN15IYBLAZRAUTINE
1. waves NAA sernuduiivrssuandlounaynsmeudnd-100 douvudalvg)
N13ANYINAYDIAITAIVANNITASYvaslunguoandu lawn NAA Faudu
A1IMIUANNIIATYVRINYFWATIZY Gi@ﬂ’]iﬂi%(;]:umilﬁ]%iy%a\‘iLLMuLf]G]SLWy:‘ﬁIL‘WWL?:EN
Tuihivuidousiufussninsuandlon 0 uaz 0.05 Jadndu/Ansuazansanusimaia
Fuasieilnsneudnd-100 fiszdumnududy 0.5 way 1.0 wes CMC Yy e

Ay v o =

wWisuisunsiasaivlnveswnudalugndudaduiaadouias Insnewdnd-100
Wity ualldu NAA fanadudusinetu wudn NAA Talanansanszdulsiminan
dudnus weusinamasisiladluluwmidnlngunndnsllannvanausildles
NAA 1§ (Figure 1A-B, Figure 2A-C)
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A A a AV Yo o Y o @ =
I‘usumw/lLN@WRH?GJ’H]’]ﬂﬁﬂﬂ%V]VLﬂiU NAA M10U WAFUNENULLAALLYLLAY
2 e o S o & | P K
‘lV]'iV]E]uLE]ﬂGZI—IOO FAINNU WU quuﬂaﬂmaqLLV‘uLU@IM@aWaQL@Jamﬂ’]iﬂuLUau

ruAuInsnoudnd-100 lunaziuandisunsely TuvaueRiininuisazanailo

'
N

nsUuaunaaileunsalnsmaudnd-100 ag19laag1anils snduilawiy NAA 5.0
me/l duwinuwisveswnudalualunnazninumudlirsiuegrafidedrAgnisas

(Figure 1A)

0.3

Fresh weight (g)
Fresh weight (g)

No PGR 1.0 mg/l NAA 5.0 mg/l NAA

Dry weight (mg)
Dry weight (mg)

2.0 ml/pot

1.0 mV/pot

Figure 1. Fresh and dry weight of Spirodela polyrhiza expose to Triton X-100
and 0.05 mg/l Cd”*co-contaminated water containing vary concentration of
NAA (A-B) or culture filtrate of Paenibacillus sp. BSR;_; (C-D). Symbol: [ No

surfactant, O 0.5 cMC Triton X-100, B 1.0 cMmC Triton X-100, B No surfactant
+ cd, B 0.5 cMC Triton X-100 + cd, 1 1.0 CMC Triton X-100 + Cd, Values

with different lowercase letter are statistically different between same PGR

concentration (P<0.05).

o
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USuaunaslsiladionavrasolsiiaatvosunudalugliunnaneiuegiadl
oddmeaaniielalll NAA uwinstwdeulnsmewdnd-100 eghaiesiiliusinn
aaelsiladanunanas walold NAA 1.0-5.0 me/l wiwnudnlng ninwudiil
wenidleuasiivsinanaslsiladio raolsiladd wazaaolsiladauaunnninvnuus
liudeuuenidion sniuviinunaslsiladtvesumudnlnaiilésu NAA 1.0 me/t
FlalflanuumananeseninemInuug (Fieure 2A-C)

2. Wa¥e8 Paenibacillus sp. BSR4 ponulufiwueswanlounasinsney
1OnG-100 fourudalrg

nMsfinwravesansmuauM I yvesiivlungueondu THua 1AA Aduase
Fuanuumitis Paenibacillus sp. BSR, sennsnszdunsasquesumudalugd
wnzdssuifivudeusinfusswinsuandon 0 wa 0.05 faaniu/aAnsuazaisan

1

WA AssRlnseusng-100 fiszdumnududy 0.5 waz 1.0 Wiaes CMC
fu dowSsuidlounsasyivinveswmualngiidudatuuandeunas Insnou
Bn4-100 Wiy usldindesead Paenibacillus sp. BSRy; finnandudusiiafiu fie
1 mU#ne was 2 mUaae (1 1AA Ussanas 9.0 was 17.0 mg/l) nudn tiaesead
Paenibacillus sp. BSR,, "Laimmmmwjulﬁﬁmﬁﬂam duwiinuds wIeUsum
aaolstlasluluwmdalnaiuanssldanvsnuusildlasuindowead Paenibacillus
sp. BSRy.; ¢l (Figure 1C-D)

Tusaeidiofionsananansfildsuindsswad Paenibacillus sp. BSRy.;
whity widudatuuandlonuas nsneuwidnd-100 drefu wuin weldfiddeasad
Paenibacillus sp. BSR,; nsUuieusaufussninsuandfloudulnsmewdnd-100

ilimhminaavesmulaluganas unldfinadouwinuiuasUsinuraslsiadiuly

a

(Figure 2D-E) \ileditdsswad Paenibacillus sp. BSR,; dininuisvesunuidna
Tngylifanuunnaneiu Tusagiuimdnaniu wuauuana1seg1eiitedAgnig

adfduunsg Ae Welliindes 1 mUie (@ 1AA Uszana 9.0 mg/l) awign1suuieu
Jafusgruandlaniulnsnewdnd-100 1.0 CMC vhlvhwdnanvesunudnlng

[

YpenNINVEIMUs NV suwikAnsupg19R 87 TuraeNdlafundeawas 2 mi/aqe

o
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= 67 A = D
E e
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No PGR 1.0 mg/l NAA 5.0 mg/l NAA

IS
IS
<]

w
w

Chlorophyll 5 content (mg/ml)
N

Chlorophyll 5 content (mg/ml)
~

No PGR 1.0 mg/l NAA 5.0 mg/l NAA No PGR 1.0 mg/l NAA 5.0 mg/l NAA

<

F
(9}
-

& £ ®
& ) o

2
~

5.0 mg/l NAA

No PGR 1.0 mg/I NAA

Total chlorophyll content (mg/ml)
Total chlorophyll content (mg/ml)

<
=

No PGR 1.0 mg/l NAA 5.0 mg/INAA

Figure 2. Chlorophyll content of Spirodela polyrhiza expose to Triton X-100
and 0.05 mg/l Cd”*co-contaminated water containing vary concentration of
NAA (A-C) or culture filtrate of Paenibacillus sp. BSRy_; (D-F). Symbol: [ No
surfactant, O 0.5 cMC Triton X-100, W 1.0 cvC Triton X-100, i No surfactant
+ cd, B 0.5 cMC Triton X-100 + Cd, 1 1.0 CMC Triton X-100 + Cd, Values
with different lowercase letter are statistically different between same PGR

concentration (P<0.05).
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@ 1AA Uszanel 17.0 mg/l) anmizgnisuuileusiuiussninaaadeunulnsneu
1Ong-100 1.0 CMC vhlmihminanvesunulalugtesniminuusnuudounalng
NOULOND-100 1.0 CMC penaiien uenantu Tuanyiduindsasad nsduleou
upaledladnaglaeavarsesiuiulnmeudnd-100 vlvinaslsiladiewazraslsiias
anuagenisnuanlivudeunandien (Figure 2D-E)
<, I ! = v ' N
wrdalugiluieidnenuiausoasaunaniionls uaanuduivues

[

wanllsusowrulalugfevinliseiuaaslsiiadanas lnsanizraslsiade dvanag

(% Y v

pgnsiiedAgyAszauaNutudy 2.5 lulasluansuse 0.28 mg/l Tuvauzfinaslsilaa

v A

Tanasegradidedrrgyianududu 5.0 lulasluaisnie 0.56 me/L (Su et al,, 2017)
uenaniiu weadleufianuditu 0.05 - 20 mg/l dswarelusAuiavaneninld seetng
wazAanssuveneuledsueyyadaselu Lemna minor (Hou et al,, 2007) wily
nanmaesd ldwuanuduivresuandey 0.05 me/l sensiasayvesmudnlng
agetaau lnsameseUSinaaasisiiad Fadululdiemududurewanfloudly
’LumamaaﬁaﬁlusxﬁuﬁLmul,ﬂm‘[,mvjé’ammu% Turaueiilnsmeudnd-100 Fadu
ATaALIIAIRIdILATIEN LLammmLﬂuﬁwﬁﬁﬁmwumﬁmﬁﬂammme%‘mqj
wihity Fefuualfumuiioafuanundufivsufuvedvsnewdnd 100 fulsdeuss
foreuvudalng elnsneudnd 100 llinasesiunaslsiladuiinasotmin
Suaal,mul,ﬂﬂimgmwﬁ?u (Somtrakoon & Chouychai, 2018)
mﬂ%’msmuQmmWﬁigLauimiumjmaaﬂ%uﬁguﬁiwmuﬁwmilﬁm NAA
0.05 lulasluanfun Arabidopsis thaliana Ta3gluasavanesimemsfisiuanden
aunsaananulufivvesanivusefigld Tnofiun1sianizsznindleounes
wanlouuntawad (Zhu et al, 2013) lurarfinasly 1AA 100 TulasTuanidasan
Anudufivreweunsronsiasgivlavemiuayiuls (Ouzounidou & llias, 2005)
uoilunsnmaesil msldeanduiitlusuues NAA SudusonTudunsies uay 1AA 7
Fupszilasuuaiide liaunsaduasunmsssaiulnvesumundalngludhiinns
Yuideusautusewirsuandeniulnsmewdnd-100 1§ Feoradumsizanududu
194 NAA Talnzan sansan1sldlusuindsasadlimungansunisduaiunis

wigivlnveswudalug WesanmnldluuSunafiuinnin 2 mpot azvlsiia
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My Fensuwindevesindliwuidledy Paenibacillus sp. BSRy; lugUvea
FefiFoadheansazaneluiounaslss 0.85% wardannsaduasumsiasaivia
vosvonyyluthiivudeulmdeunaslsdlé (Chouychai et al, 2020) Fapaumnsng
deadndunaunainemsgas Nutrient Broth fildlunisidiss Paenibacillus sp.

BSR,; wavihundeuaanliunldlunisnaassseriuil dsu nsiuiideqdunsdn

aseanduldwaznuniussnanioudsanadudidaniuiaulanin

a3UNaN1339Y
msldansmurumaasydulanguesntuluguvesiidetioves Paenibacillus
sp. BSRy; @auan 1AA la visenisldeangudunsiesilugy NAA Tdanunsoduasuns
a a 13 I 95 ~ ‘glj 1 [y 1 = % < 4
wigAvlnvesunwlalugluidnnvuideusiuduszuninwandoudulnsnoudnd
-100 16 JmisvadauNaveseanduduaTIzivindu wien1slditegdunsdnvume

q

al v a v o
wARLleuwaras1eandulasaly

AnAnssuUsENA
YBUAMAMYINGIAIERNT UM INeduumansaudmsusulssanaaiuayy
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Abstract

The objective of this study was to investigate cast net making methods
of people in Ban Don Bay area; and to study the relations between Mathematics
and cast net making. The target group consisted of people with expertise in
making cast nets who lived in Bang Bai Mai Sub-district, Bang Sai Sub-district,
Bang Pho Sub-district, Klong Chalak Sub-district and Leelet Sub-district in Surat
Thani province; four people from each sub-district in total of 20 people. The
result reveal that participants preferred crafting cast nets by hand sewing
some parts. The first component was to craft a yoke by cutting a net which
produced from a factory to 70 x 7 meshes and fasten one edge of the net (like
a cone) which called a yoke. The second component was 140 x 7 meshes of
net and attach to the edge of the first component by hand sewing. The third
component was 210 x 7 meshes of net which was sewed to the edge of the
second component and kept doing until getting the needed size and sewed
the net for 50 meshes long. The next step was to string the net at the bottom
and drag it to metal balls, and made a bag-like shaft for the fish to enter the
net. There were the relations between the components (n) and the cast net
meshes at the upper edge of component n (a,) and the total meshes of the

cast (b,) which were a, = 70n and b,, = 245n° + 3,745n
Keywords: Mathematics and Cast Net Making, Ban Don Bay
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Abstract

For this study, the researchers purposed to evaluate the Heisenberg
equation of motion for the creation and annihilation operator under the force
vibration simple harmonic oscillation. Instead of using the first-order ordinary
differential equation to solve the Heisenberg equation of motion, the researchers
got the time-dependent creation and annihilation operator under the time-
dependent force vibration simple harmonic oscillation. The behavior of wave
group in the creation and annihilation operator for image part is destroyed by

increasing of the parameter value of « .

Keywords: time-dependent creation operator, time-dependent annihilation

operator, force vibration harmonic oscillator

Introduction

The quantum mechanics of the time-dependent forced harmonic
oscillator is fundamental to several branches of physics: for example, quantum
gases, quantum field theory, quantum electrodynamics. In this paper, we can
be shown creation of the quantum mechanics model for a time-dependent
force vibration harmonic oscillator in particle bound harmonic oscillator potential.
Gilbey & Goodman (1996) show the analysis method of the operator and the
time-dependent force mechanics for the simple harmonic oscillator quantum
theory. Glauber & Man’ko (1984) represent evaluation of the damping and
equilibrium state due to random fluctuations for the time-dependent external
force in quantum mechanics system. Balcou et al. (1996) present the guantum
mechanics theoretical study of high-order harmonic oscillator generation via a
slowly driven “Duffing” anharmonic vibration. Rigo et al. (1997) use quantum-
state diffusion theory to describe of the time-dependent damped anharmonic

oscillator system. Chung-In & Kyu-Hwang (2002) show that the path integral
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method of evaluation the propagator for the damped harmonic oscillator via
the Caldirola-Kanai Hamiltonian.

Currently, Antia et al. (2010), show that evaluation of the Caldirola-
Kanai Hamiltonian model about the damped harmonic oscillator system in the
under-damped regime. Segovia-Chaves (2018) represent the solution of the
Hamilton-Jacobi equation in damped harmonic oscillator problem. The scheme
of the paper is as follows. In section materials and method, we write the
method of Calculation of the Heisenberg equation of motion for the time-

dependent annihilation operator (b(t)) and the time-dependent creation operator
(5* (t)) in forced vibration (Castanos & Zuniga-Segundo, 2019). Next, we show

the result of plot graph for the annihilation operator and the creation operator

in the section of result. Finally, we can be representation of the summary.

Materials and Methods

Calculation of the Heisenberg equation of motion for the time-
dependent annihilation operator (B(t))and the time-dependent creation
operator (5~r (t)) in forced vibration

We are now in a position and linear momentum to apply the Heisenberg
equation of motion to a particle of mass () bound in the force simple harmonic
oscillator. The time-dependent Hamiltonian of the force simple harmonic
oscillator system is
H () = 21 2 uots? — (RF (1) + BR(1)),

2u 2

(1)

where @ =./k/ uis the angular frequency of the classical mechanics
oscillator related to the spring constant k in Hooke’s law, F(t) is the time-

dependent external force cosine function, R(t) is the time-dependent external
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force sine function. We have chosen a sinusoidal form for the time-dependent
driving force (F(t), R(t)) because it is the type of forcing usually considered
in quantum opto-mechanics, cavity quantum electrodynamics, and quantum
optics. The linear momentum operator and position operator are, of course,

Hermitian operators (Kim et al.,, 2003). It is convenient to define two non-

~ a) A . ?
b(t) = ,/’;—h{mly—i)j,
b () = /%(x—uﬂ—z)] 2)

We know as the annihilation operator and the creation operator,

Hermitian operators,

respectively, for reasons that will become evident shortly. X is the position
operator, P is the linear momentum operator. F (t) and R(t)is the time-

dependent external force simple harmonic oscillation. Substitution Equation

(2) into Equation (1) to yield

(1) = "2(67B + B6')— f (1)6" n— (1) 1, 3)

where we have defined

F(t) = /Zﬂ%l:(t) . i\/%R(t)
O = O - R0 @

To demonstrate this Heisenberg equation of motion (Li, 2008) approach
we consider once more the time-dependent external force vibration simple
harmonic oscillator in Equation (4) (Lopez & Suslov, 2009). In the Heisenberg

equation of motion the case of the time-dependent annihilation operator are

o
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dt in
_ %{6,(%(&&66*)— (06 A1 (1)6 hﬂ
_ %[%([5,&5}[5,55*]) - f(t)[b,af}hj
a2 - o) = ()
B by =it (1) ©

These are the famous the first-order linear non-homogeneous differential
equation. In the Heisenberg equation of motion the case of the time-dependent

creation operator are

db (t

in 2
Z%(%([BnﬁfﬁHanaﬁf]) . f*(t)[sf,s]hj
db' (t DOF . w i~ Ut
dt< ):%[%(—qu + f (t)h} = -5 %b* + i( ) }
Bgt(t)—ia)ﬁ’f (t)=-i (1) ©

We want to solve Equation (5), with, written as an equation, is

dB(t)+iw6(t)=i 0

d +|o)b \/;F(t) + |\/:R(t)
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dB(t) L on 1 m .
—gr Hiob(t) =i,/ ——F;cos(ar) - ’Z—;UE)sm(at), (7)

mnw

where F, >0 has units of force (Fis initial force), & >0 is an angular frequency
for the time-dependent external force, @ is an angular frequency for particle
bound under harmonic oscillator potential, we can use the condition (a;ta))
evaluation the time-dependent annihilation operator for image part and real part
in section result. Using technique of integration by part of this Equation with

respect to time, we have
B(t) =1 [FZ [ (iwcos(ar)+asin(ar)) L [F we [MoFZ geiot
2mhw (az_a)z) 2mho (az_a)z) 2% (az_wz)
’ 2 [ (iwsin(at)—acos(at A
— ma)FO ( @ (a ) @ (a )) + be—la)t ) (8)
2h (a2 _a,Z)

The time-dependent annihilation operator is illustrated in section result. Next,

solving Equation (6) for b (t), we obtain

%—iwtﬁ(t)z—i £ (t)
dbf(t) . . . [me .
%—la)b'(t):—l[ 2mlhm Fycos(at) - I\/%FO sm(at)j

~ _ ot | [Coiot| s F02 3 m‘”':o2 : 2 it
b (t) =e [joe [ I’/_th(o cos(at) 4’—% sin(at) |dt | +b'e
6T(t) _ ,ma)FOZ (acos(at)+iwsin(at)) ~ fma)Foz e it . ’ 2 e
2h ((12 —0)2) 2h ((12 —0)2) 2hmw (az —0)2)
2 cos(at)+iasin(at .
_ [ F (a) (at)+iasin(a )) hle o
2hma ((12—0)2)

o
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where F, >0 has units of force, & >0 is an angular frequency for the time-
dependent external force, @ is an angular frequency for particle bound under
harmonic oscillator potential, we can use the condition (a;ta)) evaluation the
time-dependent creation operator for image part and real part in section result.
This is known as the time-dependent creation operator. These creation operator
function of time in Equation (9) are plotted in section result. Putting this Equation

(8) and Equation (9) into program mathematica for plot graph (Philbin, 2012).

Results

These time-dependent annihilation operator and creation operator are
illustrated in Figure 1 to Figure 4. From Equation (8) and Equation (9) are illustrated
behavior of oscillation imagine part and real part for annihilation operator and
creation operator respectively. Next, we can be plot graph relation between of
creation operator and time in the Figure 1, where we can vary the parameter f
(frequency). The time-dependent creation operator for image part and real

part are plotted in Figure 1.

Creation
o
Creation

Time Time

(a) Real part (fy) (b) Image part (fy)
Figurel Sketch of the time-dependent creation operator in real part (a)

and image part (b) versus frequency f..

o
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We can be shown diagrammatic sketch of time-dependent creation operator
for image part and real part, where we must be vary the parameter a (angular

frequency for the time-dependent external force) in the Figure 2.

20

SNAWANA
VY

Creation
[
; =
I
-
<S>
Creation
=

=20
0 20 40 60 80 100 0 25 30

Time Time

(a) Real part (b) Image part a

Figure 2 The time-dependent creation operator in real part (a) and image part (b)

of a simple parameter « value plotted as a function of time.

We can be representation plot graph of the time-dependent annihilation operator,

where we must be vary the parameter f. (frequency) in the Figure 3.

40 30

Annihilation

Annihilation
0
=l
—
_—
<<
<

Time Time

(a) Real part (fg) (b) Image part (f)
Figure 3 Calculated the time-dependent annihilation operator in real part (a)
and image part (b) of a simple parameter frequency plotted as a

function of time.

Finally, we can be diagrammatic sketch of the annihilation operator in real part
and image part, where we must be vary the parameter « (angular frequency for

the time-dependent external force) in the Figure 4.
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30 20

20 /
_ _ 10
Eow \ E \
RN \ /NN . . ]
2 w0 £ ‘ A\ \/

J =10 /
=20
-3 -20
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time Time
(a) Real part (b) Image part a

Figure 4 Evaluated the time-dependent annihilation operator in real part (a) and

image part (b) of a parameter a value plotted as a function of time.

Discussion

The time-dependent creation operator for real part and imagine part are
plotted in Figure 1. From Figure 1(a), the red solid line oscillation for real part is
fe =0.091Hz . The blue solid line oscillation for real part is f,, =0.093 Hz .
The green solid line oscillation for real part is f, =0.095 Hz . The yellow solid
line oscillation for real part is f,, =0.097 Hz. From Figure 1(a), if higher the
parameter frequency (ch) impinge upon decreasing value amplitude and
wavelength of the time-dependent creation operator real part. We can be used
the condition a < calculation the time-dependent creation operator in
Figure 1 and Figure 3. The behavior of the time-dependent creation operator
for real part is wave group. From Figure 1(b), the red solid line oscillation for
imagine part is f,, =0.091 Hz . The blue solid line oscillation for imagine part is
fie =0.093 Hz . The green solid line oscillation for imagine part is f,. =0.095 Hz .
The yellow solid line oscillation for imagine part is f,, =0.097 Hz. From Figure
1(b), if higher the parameter frequency (ch) have an effect decreasing value
amplitude and wavelength of the time-dependent creation operator for imagine
part. The behavior of the time-dependent creation operator for imagine part is

wave group.

o

Uil 9 atudi 1 (2564) ISSN 2287-0083 | Vol.9 Issue.1 (2021) ISSN 2287-0083



NInTInemansuazmalulad wninerdeviganssii
UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

Next, we show the characteristics of the time-dependent creation
operator for real part and imagine part by vary the parameter « in the Figure
2(a) and Figure 2(b). From Figure 2(a), the red solid line oscillation for real part
is a=0.41rad /s. The blue solid line oscillation for real partisaz =0.43 rad /s .
The green solid line oscillation for real part is ¢ =0.45rad/s. The yellow
solid line oscillation for real part is & =0.47 rad /s. From Figure 2(a), if higher
the parameter () affect increasing value amplitude of the time-dependent
creation operator for real part. The behavior of the time-dependent creation
operator for real part is wave group. From Figure 2(b), the red solid line
oscillation for imagine part is @ =0.41rad/s. The blue solid line oscillation
for imagine part is @ =0.43 rad /s. The green solid line oscillation for imagine
part is a¢=0.45rad/s. The yellow solid line oscillation for imagine part is
a=0.47 rad /s. From Figure 2(b), if higher the parameter (&) affect increasing
value amplitude of the time-dependent creation operator for imagine part.
The behavior of the time-dependent creation operator for imagine part is not
wave group (Rekhviashvili et al., 2019).

Next, we can be representation unique of the time-dependent annihilation
operator for real part and imagine part via the parameter frequency in the
Figure 3(a) and Figure 3(b). From Figure 3(a), the red solid line oscillation for
real part is f,,=0.091Hz. The blue solid line oscillation for real part is
fe =0.093 Hz . The green solid line oscillation for real part is f,. =0.095 Hz .
The yellow solid line oscillation for real part is f,. =0.097 Hz. From Figure
3(a), if higher the parameter frequency (ch)impinge upon decreasing value
amplitude and wavelength of the time-dependent annihilation operator real
part. The behavior of the time-dependent annihilation operator for real part is
wave group. From Figure 3(b), the red solid line oscillation for imagine part is
fe =0.091Hz . The blue solid line oscillation for imagine part is f,, =0.093 Hz.

The green solid line oscillation for imagine part is f,, =0.095 Hz . The yellow
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solid line oscillation for imagine part is f,. =0.097 Hz. From Figure 3(b), if higher
the parameter frequency (ch)have an effect decreasing value amplitude and
wavelength of the time-dependent annihilation operator for imagine part. The
behavior of the time-dependent annihilation operator for imagine part is wave
group.

Finally, we must be explain the characteristics of the time-dependent
annihilation operator for real part and imagine part under vary the parameter
a in the Figure 4(a) and Figure 4(b). From Figure 4(a), the red solid line
oscillation for real part is a=0.41 rad/s. The blue solid line oscillation for
real part is @ =0.43 rad/s. The green solid line oscillation for real part is
a=0.45 rad /s. The yellow solid line oscillation for real part is & =0.47 rad/s.
From Figure 4(a), if higher the parameter () affect increasing value amplitude
of the time-dependent annihilation operator for real part. The behavior of the
time-dependent annihilation operator for real part is wave group. From Figure
4(b), the red solid line oscillation for imagine part is @ =0.41 rad /s. The blue
solid line oscillation for imagine part is @ =0.43 rad/s. The green solid line
oscillation for imagine part is a =0.45 rad /s . The yellow solid line oscillation
for imagine part is a@=0.47 rad/s. From Figure 4(b), if higher the parameter
(er)affect increasing value amplitude of the time-dependent annihilation
operator for imagine part. The behavior of the time-dependent annihilation

operator for imagine part is not wave group.

Conclusions

As a representation of the evaluations of the time-dependent creation
operator and annihilation operator under the time-dependent force vibration
simple harmonic oscillation as a function of time, Figure 1 to Figure 4. From
Figure 2(b) and Figure 4(b), if higher the parameter « value affect increasing

value amplitude of the time-dependent creation operator and annihilation
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operator for imagine part. The behavior of the creation operator and annihilation
operator for imagine part is not wave group. We can be used the time-dependent
annihilation operator and creation operator calculation of the time-dependent
position operator and the time-dependent linear momentum operator of particle
bound under harmonic oscillator potential. The time-dependent annihilation
operator and creation operator is important for find the eigenvalue of the
Hamiltonian of a one-dimensional harmonic oscillator potential. We can utilize
the annihilation operator and creation operator result to the individual case of

a particle of mass moving in the Gaussian potential and other potential.
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UNANED
et dumiveitemaumsdeileituilauofvaunsdsitatdusoldd

f(x+s,y+t)+ f(x=s,y)+ f(x,y-t)=f(x=s,y—t)+ f(x+5s,y)+ f(X,y+t) (M)
dMTuNn xyt,seG Uag f:G XG> C Taef G 1Hu 2-divisible abelian group
wa € Hugrvessiuindedau nan1s3ds wud annsamaunadeileituiiaude
1§ 2 aunseieluil

f(x+2s,y+2t)+ f(x=2s,y-t)+ f(x=s,y—=2t) + f (X, y +t) + f (x+5,¥)
=f(x=2s,y—-2t)+ f(X+2s,y+t)+ f (X+s,y+2t)+ f (X, y—-t) + f(x=5,Y) (M1)
ey

f(X+2s,y)+ f(x,y+2)+ f(x—=s,y)+ fF(x,y—t)+ f (x—2s,y+t) + f (x+5,y—21)
=f(x=2s,y)+ f(x,y=2t)+ f(X+s,y)+ F (X, y+t)+ f (x+2s,y—t)+ f (x—s,y+21).

(M2)

¢ %

AdAgy:  aun1sdeilendy, Mntunisniswad shift, auniseilenduneglnu

A15NSD9RAVA, AUNITAAU

* fuszanunu: vilugn wiugas

Bla: Khanithar.n@dru.ac.th

Uil 9 atiufl 1 (2564) ISSN 2287-0083 | Vol.9 Issue.1 (2021) ISSN 2287-0083



NInTInemansuazmalulad wninerdeviganssii
UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

Abstract

This research was a study to determine the functional equation
corresponding to the following functional equation:
f(X+s,y+)+ f(x=s,y)+ f(x,y-t)=f(x=s,y-t)+ f(x+s,y)+ f(x,y+t) (M)
forall x,y,t,seG,and f : G X G = C, where a 2-divisible abelian group and C
were a set of complex numbers. The research results revealed that there
were two corresponding functional equations could be obtained as the followings:
f(x+2s,y+2t)+ f(x=2s,y—t)+ f(x=s,y=2t)+ f (X, y+t)+ f (X+5S,Y)
=f(x—=2s,y—2t)+ f (x+2s,y+t)+ f(x+s,y+20)+ f (X, y—t)+ f(x=5,¥) (M1)
and
F(X+2s,y)+ f(X,y+2t)+ f(x=s,y)+ f (X, y—t)+ f (x—=2s,y+t) + f (X+5,y—2t)
=f(x=2s,y)+ f(x,y=2t)+ f(x+s,y)+ F (X, y+t) + F(x+2s,y—t) + f (x=5,y +21).

(M2)

Keywords: functional equation, translation (shift) operators, functional equation

related to digital filtering, wave equation

Introduction
A functional equation is an equation where the unknowns are functions

such as the following functional equation
f(x+y)=f(x)+ f(y), (1.1)

is a well-known Cauchy functional equation, whose additive form, referred to as
the additive Cauchy functional equation. In this paper, we study the geometric
functional equation which is one of the most important functional equation
and has also useful applications in many fields.

Firstly, Aczél et al. (1968) studied the general solution of the functional

equation
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fx+t,y+t)+ f(x+t,y—t)+ f(x—t,y+t)+ f(x—-t,y-t)=4f(x,y), (1.2
where f : R? > R and x,y,t are real variables. The general solution of (1.2) is
given in terms of arbitrary symmetric multi-additive functions of four variables.
The few years later, Haruki (1970) (see also Kannappan, 2009), considered the
wave equation,

f(x+t,y)+ F(x=t,y) =f (X, y+t)+ f(x,y—t), (1.3)

where f:R? - R and the general solution of (1.3) is given by

f(xy) =a(x+y)+B(x-y)+B(xY)

where @, 8 : R = R are arbitrary functions and B : R? - R is biadditive and
skew-symmetric.
Sahoo & Székelyhidi (2001) determined the general complex-valued

solution of the functional equation related to digital filtering,
fx+t,y+t)+ f(xX—t,y)+ f(x,y-t)=f(x—-t,y—-t)+ fF (X, y+t) + f (x+t,y), (W1)
for all x,y,teG and f: G X G = C where G is a 2-divisible abelian group
and C is the set of complex numbers. The general solution is given by
f(xy) =B Y)+d(x)+v(y) + 2 (x-y),

for all x,yeG, where B:G X G — C is biaddtive and ¢, i,y : G = C are
arbitrary functions. Next, Haruki & Nakagiri (2007) considered the pexider type

generalization of the wave equation (1.3), that is the following equation,
fi(x+t,y)+ fL(x—t,y) = f3(x, y+t)+f,(x, y —t), (1.4)

forall x,y,teG and fi,f2,f3, fa : G X G = C where G is a 2-divisible abelian

group and C the set of complex numbers. Their result is:

o
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Theorem 1.1 (Haruki & Nakagiri, 2007) If f3, f2, f3, fa : G X G = C satisfy
(1.3) for all x,y,t G, then there exist

(i) a skew-symmetric biadditive function A : G X G - C

(i) biadditive functions By,B, : G X G = C and

(iii) arbitrary functions a, 8, 1, 2, W1, W2, X1, X2 * G = C such that

fL (6 Y) =AM Y) + B (X+ Y, X=y) +a(X+Y) + B(X-Y)
+@(X+Y)+y (X—y) + 1 (2Y),

f (X ) = A(X%, Y) =By (X + Y, X=y) +a(x+Yy) + B(x )
—A(X+Y) -y (X=Yy)— n(2y),

f3(%y) = A(X, ¥) + By (X + Y, 2X) + (X +Y) + B(X—Y)
+ ) (X+Y) + 12 (2X) + 2o (=X +Y),

fa(X, ) = A(X, Y) = By (X +Y,2X) + a(x+y) + B(X—Y)
— Gy (X+Y) =W, (2X) = 1o (=X +Y).

L (1.5)

However, for their work, they considered (1.3) under the assumption
that f : G X G = C and they proved that the equation (1.3) is equivalent to

each one of the following two equations:

f(x+t,y+t)+ f(x+t,y—t)+ f(x-t,y+t)+ f (x—t,y—t)
= f(x,y+2t)+ f(x,y—2t)+2f(x,y), (1.6)
and
f(x+t,y+t)+ f(x+t,y—t)+ f(x—-t,y+t)+ f(x—-t,y—t)
= f(x+2t,y)+ f(x=2t,y)+2f (X, y). (1.7)

Then, Naenudorn & Hengkrawit (2013) showed that the functional

equation (W1) is equivalent to each one of the following two equations:

f(x+2t,y+t)+ f(x,y+t)+ f(x=2t,y)+ f (x+t,y—t)+ f (x—t,y—t)
=f(x=2t,y-t)+ f(x,y—t)+ f(x+2t,y)+ f(x—-t,y+t)+ f (x+t,y+t), (W2)
and

f(x+t,y+2t)+ f(x—t,y+t)+ f (x=t,y—t)+f (x+t,y)+ f(X,y—2t)

o
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=f(x-t,y-2t)+ f(x+t,y—-t)+f (x+t,y+t)+ f(x—t,y)+ f(x,y+2t) (W3)

for all x,y,teG are equivalent to each other under the assumption
f:GxG-C
Lastly, Hengkrawit et al. (2016) considered the pexiderized digital filtering

functional equation

fi(x+t,y+t)+ f,(x-t,y)+ fo(x,y-t) =f,(x-t,y —t) + f5 (X, y +t) + T (x +1,y).

They determined three kinds of solutions, namely, biadditive, symmetric
and skew-symmetric solution function, subject to different sets of conditions
on the functions involved.

The aim of this paper, by using the same technique of Haruki & Nakagiri
(2007), is to show that the functional equation:

f(x+s,y+t)+ f(x=s,y)+ f(x,y-t)=f(x=s,y-t)+ f(x+5s,y)+ f(X,y+1) (M)

is equivalent to each one of the following two equations:

f(x+2s,y+2t)+ f(x=2s,y—-t)+ f(x=s,y—2t)+ f (X, y+t) + f (X +5S,Y)
=f(x-2s,y—-2t)+ f (x+2s,y+t)+ f (x+s,y+2t)+ f(x,y—-t)+ f(x—s,y) (M1)
and
F(X+2s,y)+ f(x,y+2t)+ f(X=s,y)+ F (X, y—t)+ f (x=2s,y+t) + f (x+5S,y—2t)
=f(x=2s,y)+ f(x,y=2t)+ f(x+s,y)+ f (X, y+t)+ f(Xx+2s,y—t)+ f(x=s,y+2t).
(M2)

Equivalence of equations (M), (M1) and (M2)
Throughout this paper (G,+) and C denote a 2-divisible abelian group
and the field of all complex numbers, respectively. It is convenient to introduce

translation (shift) operators X' and Y' for te G defined by X'f(x,y) = f(x+t,y)

o
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and Y'f(x,y)=f(x,y+t) for all x,yeG. In particular 1=X%=Y? denote the
identity operators. Our main result is:
Theorem 2.1 The functional equations (M), (M1) and (M2) for all
X, ¥,t,8 €G are equivalent to each other under the assumption f: G X G —» C
Proof We will show that Equation (M) is equivalent to (M1) and Equation
(M) is equivalent to (M2). Firstly, we can write (M) in the following operator
form

[XSYt+X‘5 +Y‘t]f :[X‘SY‘t+XS+Yt]f. (2.1)
Multiplying (2.1) by X®Y!, we obtain that
[XZSY2t +Yt+X5]f =[1+x25vt+x5Y2t]f. (2.2)
Again, multiplying (2.1) by XY, we get
[1+ X2yt X‘SY‘Zt] f = [X—ZSY—2t +Y 7y x—S} f. (2.3)
Then, adding (2.2) and (2.3), we get

[XPY 2 XY XY 2y XS = XY 2 XY e XY 2y e X R A

(2.4)
which is the operator form of (M1). Thus, (M) implies (M1).Conversely, squaring
both sides of (2.4), we have

XY A Loyt 2X S 42X 2y 3 f X By 2 x Ty 2 o) Ty S x sy A
szuzxsv‘w” }f
XY 2y T 2X TS 42X T2y 2 Y 2 L XAy 2 oyt x sy A
=Lx25+2x5\(‘+\(2t }f'
(2.5)
Replacing t by 2t and s by 2s in (2.4), we obtain that

I:X4SY4t+x—4SY—2t+X—25Y—4t +Y2t+xzsj|.|:

o
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=[x4‘5\(—‘“+x45\(2‘+x25\(4t +Y—2‘+x—ﬂf. (2.6)

If we subtract (2.6) from (2.5), then

[2\(t F2XS 42X Y fox Iy 2 oy By B oy Syt oy 2 +2Y‘2t] f

:[ZY"+2X’S+2X’25Y’3t+2X’3SY’2‘+2X35Y3t+2XSYt+2X23+2Y2tJf. 2.7)
Multiplying (2.4) by X°Y', we obtain that

[ XY XSy T XY 2 XY = XY T XY XY X Y]

(2.8)
Multiplying (2.4) by XY™, we obtain that
[XSYt F XTIy 2 Y2y B s +Y—t] f
=[x*3SY*3t FXS Y XY 2y X’ZSY’I] f) (2.9)

Then, adding (2.8) and (2.9), we get

[x“\(3t XY 2 X2yt xSyt X sy 2t w2y Bt oy s +2Y“] f

=[x—3sv—3t XTI XY T XSy T By R xSy oxs +2Yt] f. (2.10)
Multiplying (2.10) by 2, we obtain that

[2x35\(3t F2XSY2 X 2yt L oX Syt X By 2t oy 2y Bt gy S +4Y‘t} f

=[2X 7Y 2X Y P 2X Y T 2X Y T 2X Y 22X Y R aX S Ay £

(2.11)
Then, adding (2.7) and (2.11), we get
[2x5\(2t F2XBY X2 Loy R xS +2Y’t]f
=[2X‘SY‘2t F2XBY o Loy 2 oS +2Yt] f) (2.12)

Multiplying (2.4) by 2, we obtain that

o
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[2x25\(2t F2X Yt o) Sy 2t oyt +2x5] f
=[2x—25\(—2t F2XBY XY 2 oyt +2x—5J f)

Then, adding (2.12) and (2.13), we get

[2x5\(2t F2XBY X 2 Loy 2 Lo 2y 2 oy 2yt +2X’SY’2t] f

=[2x—5\(—2t +2X7BY 12X 2 p oy 2 L ox 2y 2 oy 25yt +2XSY2t] f.
Multiplying (2.14) by X®°Y', we obtain that

[2X—SYt +2X5Y +2X35Y3‘Jf =[2X35Yt 22Xy +2x—SY—t} f.
Multiplying (2.14) by X ~5Y ™, we obtain that

[2x*33\(*t +2X 7Y +2xSY‘] f :[2XSW +2X 7Yt +2X’35Y’3tJ f.
Then, adding (2.15) and (2.16), we get

[2x35\(3t F2X 73yt Sy +2xSY‘] f

=[2x—35\(—3t F2xX By oxsy +2x—5Y—t] f)

Multiplying (2.17) by X®Y', we obtain that

(2.13)

(2.14)

(2.15)

(2.16)

(2.17)

[2x4SY4‘ $2X B oy +2x25Y2‘]f :[2x*25\(*2t F2X Y2 L ox 2y 4 +2] fl

Multiplying (2.17) by X°Y™', we obtain that

(2.18)

[2XPY 22X oy 22X Y 2 | f <[ 2X Y 2X P 2y 22X Y P £

Then, adding (2.18) and (2.19), we get

[2x45\(“t F2X B Loy 4 2y 2 gy sy 2 +2X’25Y4“] f

:[2X4SY4“ F2X B Loy 24X 2y 2 oy sy +2x25Y‘"] f)

o
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Multiplying (2.6) by 2, we obtain that
[2x“5\(4t +2X Y2 o By oy +2x23] f
=[2x45\(*1t +2XAY 2 o By oy 2 +2x—ﬂ f. (2.21)
If we subtract (2.21) from (2.20), then
[4X2Y 2 axX 20 ay 2| £ =[AX T2V P ax® 1 ay |1, (2.22)
Multiplying (2.22) by % we obtain that
[XZSY2t + X7 +Y‘2t]f =[X—ZSY—2t + X2 +Y2t] f. (2.23)
Replacing 2t by t and 2s by s in (2.23), we obtain that
[XsYt+X‘5 +Y—t]f :[X—SY—t+xS+Yt]f, (2.24)

which is (M). Hence, (M) is equivalent to (M1).
Next, we will show that (M) is equivalent to (M2). Multiplying (2.1) by X~°Y!,

we obtain that

(Y2 X2 XS [ = [ Xy e XY 2 £ (2.25)
Multiplying (2.1) by X®Y™, we obtain that

[XZ YT XY 2 <[y 2 XY Xt 1 (2.26)
Then, adding (2.25) and (2.26), we get

[XZS FY2 XSyt X By xSY—ﬂ f

:[X’25+Y’Zt+XS+Yt+XZSY’t+X’SY2t}f, (2.27)

which is the operator form of (M2). Thus, (M) implies (M2).

On the other hand, squaring both sides of (2.27), we have
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{x“nzxzsvzt FAXS 42X Yyt 2X Y 2 py 4 +2x—5\(2t+2x—25\(3‘}f
43X 72 44X TS T 2X TEY 2 Sy B gy 2y X sy 2y x sy A
{x“nzxZSYZt FAX TS +2X 7Y gy Tt 2X Y 2 Ly sy 2 }f
F2X Y L 3X 2 AX Y 42X Y T 42X TSy gy 2 g x sy 2t g x sy 4
(2.28)
Replacing t by 2t and s by 2s in (2.27), we obtain that

|:X45 +Y4t+X—25+Y—2t+x—4sY2t+X25Y—4t:|f

=[X‘45 FY TR X2 Ly 2 syt X‘ZSY‘“] fl (2.29)
Adding (2.28) and (2.29), we get

{2x 2572t X Byt ox Iy 2 xSy 2 o) By, 2X‘3SYI} f

F2XSY L 2X B LY R AX S 1Ay AX Y

. {2x25\(2t +2X 7Y 42X By 2 L oxX Sy R L ox By Ry 2x3svt} ¢ (230
22X TS 42X B 12V 2 4 AX TS 1Ay T 44X Y

Multiplying (2.30) by % we obtain that

FXSY T XTIy xS 2yt 42X Y
|:X25Y2t+X25Yt+X3SY2t+XSY2t+XzSY3t+X3$Yt]
= f-

I:XzSY2I+X25Y—t+x3SY—2t+x—SY2t+X—25Y3t+x—3SYt:|f

3t 2 2t t t (2.31)
+X Y Xyt 2X S 2y 22X Y

Adding (2.31) and (2.27), we get

[xzs\(2t 4 X3Sy 2 ) 2sy Bty Bsyt sy 3t s |yt +2X’SY"] f

[ XY P XY 2 XY XY XY X ey XYL (232)
Multiplying (2.27) by X °Y', we obtain that

[xs\(t FXTSY3 XY xS o By +Y“] f
=[x—35\(t FXTSY Tyt X TSR XS X‘ZSYSt] f) (2.33)
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Multiplying (2.27) by X®Y™, we obtain that

[x“\(*t FXSY Y Tt XSy 2 XS 4 XZSY’3t] f

=[X—SY—t FXSY B X2yt xS L x By 2 +Y‘] fl (2.34)
Adding (2.33) and (2.34), we get

[szYt F2Y T 2X S XY XY X By 2 x Byt xSy 2 +X25Y’3t] f
:[2x—5\(—t F2Y 22X+ XOY 3 X Byt X3y 2 syt sy 2y X‘25Y3t] f.

(2.35)
Adding (2.32) and (2.35), we get

[XPY 2 XY T XY 2 XS Y T = [ XY 2 XY e XY e X Y A
(2.36)
Adding (2.27) and (2.36), we get

[XZY 20 X2y 2 £ <[ X2y 2 X204y 2 £ (2.37)
Replacing 2t by t and 2s by s in (2.37), we obtain that
XY Xy ] <[ XY Xyt

which is (M). Hence, (M) is equivalent to (M2). This completes the proof.

O

Conclusion
Using the technique of Haruki and Nakagiri (2007), the equivalence of
three functional equations (M), (M1) and (M2) are investigated as follows:

The functional equation

f(x+s,y+t)+ f(x=s,y)+ f(x,y-t)=f(x=s,y-t)+ f(x+5s,y)+ f(X,y+1) (M)

o
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is equivalent to each one of the following two functional equations:

f(x+2s,y+20)+ f(x=2s,y—t)+ f(x—=s,y=2t)+ f (X, y+t)+ f(X+5S,y)

=f(x—=2s,y—2t)+ f (x+2s,y+t)+ f (x+s,y+2)+ f (X, y—t)+ f (x=5,¥) (M1)

and

F(X+2s,y)+ f(X,y+2t)+ f(x=s,y)+ F(x,y—t)+ f(x—25,y+t) + f (X+5s,y—2t)

=f(x=2s,y)+ f(x,y—2t)+ f(x+s,¥)+ F (X, y+t)+ f(x+2s,y—t)+ f(x—s,y+2t)
(M2)

for all x,y,t,s€G under the assumption f : G X G — C.

Discussions

In this paper, we study the functional equation related to the digital
filtering (W1) (Sahoo & Székelyhidi, 2001). By using the same technique of Haruki
& Nakagiri (2007), we obtained two equations corresponding to the functional
equation (M) which is consistent with Haruki & Nakagiri (2007) and Naenudorn &
Hengkrawit (2013). Our solutions of the functional equation (M) will be useful for

the work related to the digital filtering.
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Abstract

The aim of this research was to explore the diversity of moths in the
area of Wat Pa Wang Koh Kerng in Mahasarakham Province from October to
December 2019, by using light traps and white cloth screens from 6:30 p.m. -
9:30 p.m. The results reveal a total of 111 specimens of moths, which can be
classified into 8 families, 26 genera, 34 species. The most diverse family from
the collected moth samples was the Crambidae (12 genera, 14 species),
Geometridae (3 genera, 6 species), Erebidae (4 genera, 5 species), Noctuidae (2
genera, 4 species), Pyralidae (2 genera, 2 species), Notodontidae Cossidae and
Nolidae (1 genera, 1 species). The variety index equivalent was at 3.115 and
the consistency index was at 0.883. It was found that the highest appearance
frequency of the moth species at 100 percent were: Creatonotos gangis,

Scopula inductata, and Ramesa tosta.
Keywords: Moths, Species Diversity, Wat Pa Wang Koh Kerng

UNUI
Hidgananafiu (Moth) Ineglududuiafineuinesn (Order Lepidoptera)
Tdusinslnan (Phylum Arthopoda) unsasioanmiuneunausi anwus
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3. MATIEvideya

Aasdviauvainuda (Diversity index) mugnsuas Shannon-Weiner’s
index M11A%N1584 Ludwig & Reynolds (1988) M3lasigsimendsiiauasiiase
(Evenness index : J) N153AT1MAgean lagldansued Shannon’s Index 311
@1N15084 Pielou's evenness index (Mulder et. al,, 2004) karitAasIzmaAsesay
nsUsngiftsuiusiuauadaiinisdisn (Frequency of occurrence) (dinius

uA9TOn Wag NawYg Wauseasy, 2559)
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‘ml’ﬁ_l.] 29819
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NANTIBUAZBAUTIENE
MnmsdTReIvaIneiavesidenansiunniain Tunaie suaiis
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Ao 29 Crambidae §1u2u 12 @na 14 vila Anlusesaz 41.17 13d Geometridae
duu 3 @na 6 viin Anusewas 17.64 29 Erebidae 311w 4 ana 5 Anduiosas
14.70 794 Noctuidae §1u1u 2 @na 4 vila Aslusesaz 11.76 194 Pyralidae

[ [

d1uiu 2dna 2 vila Anlduseeay 5.88 24A Notodontidae, Cossidae, Nolidae
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(Seway 100) e Creatonotos gangis, Scopula inductata, Wa ¥ Ramesa tosta
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Swaufidenansiu
siinvosiidonansiu Tuwsiaziiiow (6a) iju FRUNN
A, N.8. 5.Aa. )
1.Family Crambidae
Agrioglypta zelimalis 1 3 0 4 C
Autocharis hedyphaes 1 0 0 1 U
Botyodes sp. 1 0 0 1 U
Conogethes punctiferalis 0 1 0 1 U
Cnaphalocrocis medinalis 0 a4 0 a4 U
Glyphodes bicolor 0 2 0 2 U
Glyphodes onychinalis 1 0 0 1 U
Glyphodes sp. 0 1 0 1 U
Haritalodes derogata 1 0 0 1 U
Maruca vitrata 1 0 1 2 C
Nacoleia tampiusalis 0 0 1 1 U
Paropoynx fluctuosalis 2 1 0 3 C
Pycnarmon cribrata 1 0 0 1 U
Sameodes cancellalis 6 a4 0 10 C
37U 15 16 2 33 -
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P a a & & Ao & Ao o w Lo L &
M99 1 GU‘LW]SUENNLaaﬂaWQ@uwaqijﬂWUiuwanG\I‘U’nﬂl’ﬂqglﬂ\? RV ISINEIR(MRINN

v £ gj oA = A U J
WIANMENTAY ASLAPDUARIAN DILABUNUENEY 2562 (AB)

Swaufidenansiu
silnvasilidonansiu Tuusdazifou (6) iju FOUNN
f.0. Nn.8. 9.A. )
2. Family Geometridae
Comostola laesaris 0 2 0 2 U
Comostola sp. 0 1 0 1 U
Idaea craspedota 0 1 1 2 C
Scopula inductata 1 2 3 6 \Y
Scopula parodites 0 1 0 1 U
Scopula sp. 0 1 0 1 U
33 1 8 4 13 -
3. Family Erebidae
Anerila astreus 1 1 0 2 C
Creatonotos gangis 1 3 2 6 V
Creatonotos transiens 1 0 0 1 U
Eublemma anachoresis 0 1 0 1 U
Simplicia cornicalis 2 0 0 2 U
33 5 5 2 12 -
4. Family Noctuidae
Leucania linda 1 3 0 4 C
Leucania sp. 0 1 0 1 U
Spodoptera litura 0 1 0 1 U
Spodoptera mauritia 0 0 1 1 U
334 1 5 1 7 -
5. Family Pyralidae
Arthroschista hilaralis 1 2 0 3 C
Hypsopysgia sp. 0 1 0 1 U
94U 1 3 0 4 -
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AN 1 ¥averidana1 A undnsanUlufiunInU TR Fuane 8newiad

JmTauyansany sausiiiounanl fufeuiueney 2562 ()

SuaufiFenansiu
silnvosiidonansiiu Tuusazifou (69) iju FOUNN
f.A.  We. 5.0 )
6. Family Notodontidae
Ramesa tosta 2 3 1 6 \
32U 2 3 2 6 -
7. Family Cossidae
Zeuzera coffeae 0 0 1 1 U
39U 0 0 1 1 -
8. Family Nolidae
Nola sp. 0 1 0 1 U
39U 0 1 0 1 -

NN a0 unniruRaInATesaznsUsINg (Frequency of occurrence); wWuuae

170 (Very common; V) wusegag 76-100, wuues (Common; C) wusesag

51-75, wulduae (Uncommon; U) wusaeay 26-50, wutiae (Rare common:;

R) nuseway 0-25

Nolidae

2
Cossidae

JUN 2 Fevarvesiiidonasiuluusazsdnnuluninriunieiis

FIIANIANTAY

o o

Uil 9 atudi 1 (2564) ISSN 2287-0083 | Vol.9 Issue.1 (2021) ISSN 2287-0083



NInTInemansuazmalulad wninerdeviganssii
UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

P v a & & o @ YY)
A9 2 ﬂ']ﬂSU‘HGUENNLﬁ@ﬂaqflﬂuslulfﬂm:]@ﬂqaﬂLﬂqgl,ﬂﬂ NIUKAIFIIAN
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LRI 2.833 2.510 0.885
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RAVRRTCIY 2.079 1.959 0.942
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wazANE1IveENT 1IN anasuudunse (P<0.05) asulaindnsdiuvasauld
vz mluianUaniianailuulldunisnouauewanINEIvasdwy AINUNINe

Ya9lU Hananuvindn Anundevedtin wazauevesindlneianad TunisAnw
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U v 1 = [ a !
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Abstract

Biochar has been interested in soil improvement due to its property in
high porosity and ability in water and nutrient absorption. The objective of this
research was to investigate the effects of the suitable ratio of mango wood
biochar to the soil as planting material on the growth of the “Niaw manee”
waxy corn. The study was divided into 4 different treatments. In each treatment,
the biochar was mixed per soil mixtures at four different ratios: 100: 0, 75:25,
50:50 and 25:75. The results of the research show that the pH of the soil decreased
according to the ratio portion of the biochar in the planting material. The ratio of
biochar in the planting material influenced the growth of corn. The ratio of
biochar in planting materials was likely to respond to the height of the corn
stem in quadratics (P<0.01), while the width of the leaves tended to respond
linearly (P<0.01). It was found that when the ratio of biochar in the planting
material decreased, the width of the leaves decreased. Reducing the ratio of
the biochar in planting material tended downward the weight of the corn
pods, the width of the corn pods, and the length of corn pods (linear; P<0.05).
It can be concluded that reduction of mango wood biochar portion in planting
material tended to decrease the growth parameters i.e. height of stem, width

of leaves, weight of the corn pods, width of the corn pods, and length of corn
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pods. In this research, the percentage ratio mixture of biochar and soil at 75:25
showed the best result, and the biochar influenced the growth and production

of waxy corn.
Keywords: Mango Wood Biochar, Waxy Corn

uni

Hagiuiliinisthdnwdanim Biochar) findnainuiadanm awluldl uieiy
Fann1an1sinuns fk1unszuIun s luiinisauauamugiivazenniaudld
Ustlovinaedu il Hrevssmnsvdsunlaigionniaanaiiveulaeenledly
fuvsssniaszeren frelunszuiunisdanisvendelszinndunie Tag wazld
Tunen1sinens ieswndiudinmdaumuisaunaisegie dan pH 7.76 8
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FsdnuTanmisduaiunsidulseloviveagasinervnsiiv wagdarioiiiunigs
hviinusienns wasfesazdndnléd (n9103a] wlnguiu uagen, 2560) d1msu

msldauusuugsiuiiedgninlneadrimiemnu asldhunauauluianugnddn
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i a dll a a = Y] | a + s ¢
Anardngsaadlensy Wulsileny 60 Ju gandnAunaulalulasiau (@neus wwa

o
=) v @

wazAfsT Wenauy, 2554) Iseaunisiduseloviamdinimlunsdianldgning

=) ¥

nsldaudinmsiududedinm we. 12 luwdasdgnaviagiilvinasiinands

)

[y '

Jugean 1,900 Alansusiels vilvRuinisdudiimieun YjAseveshiu Ysuiw

Woaneta wazueaiBealufugsfian 8.50 wudnsdetalas yilvauduludu uag

v tzl'

USunaudun3einggeiign Souaz 18.60 (NAASUNT wadudl uagAmg, 2557) 805

19U

% 1 =

duNaNYRFURRIUTININAINKE Fouay 10:2 Agvilvinuaztigeenaiiniugesn
Nan 20.42 wumns wazdduiuluunign 6.17 59989u1A0 Aussunay 19.37

wuRung 5.85 lu Wailinslddeiiudnluagyinmsasqyivlavesasinganlad

a

897U (Mai Vu Thi et,, al, 2013) msldaudinmduiaguivugeuludiuminu

v '
° =

Uhay Ssdutnmiinasenaiudsuulasmaanivesiu maaTgiiulavesdiilu
ey uINMIoTTEzAuUNd1Neny 30 way 45 Yundanitudnn sinlid1siannuga
Sruumdosiosiu fuily dwdnuiidumiefugenililddudanmudliinase
msasgiulaluszezaoun (31901 UzWIUON waYANY, 2560)
Uigmvsﬂ;waﬁﬁuﬁﬂgﬂ%’wﬂwmﬁwmumﬂ msugndmlnadulngdudilne
Tsuuuondeiely Feannituiirsifuiineuiimsssueilss Tnewsadulnldmiu

@

anuagRuTINUMTIY augauauysalvesAuLarUTinuussnevsHivg Ineauals

a1

Audlen pH Uszanas 5.5-8.0 Aeudutlusiadn Wesrsmuneauiign uazd1alnadn
willonlurlaniafidonvgniiensiuaruslaaluaiaseu ey mnasyiviald
Neuaziiongduiiissnaiel IAnAM1lAYUINIT FIUATUANABLAALABTOR AAAIY

@ a

milafings uenani Saledldiluonadedn [duinguluananssy (inseil

9
2U5Y3, 2552) ag19bsAny anmAuluiuiniansJussndsanieidnwuzidudu
Suns1e Feirlrldaunsatusnwianuduluiule yenanitu alnsavauvedus
smasensdmsuinlneidesliiiismenensasydivlauasiinandnia fely

nAuantRvesdudInImanlduzddesAusenevvessinatsuau telasiauy

a

pondau lulpsau wavinnuasiaanglatiiongnistdaulasiuunseauiuing
Adwuindislunmsaadusmemsiiuddsliniudasdiunmnglunisldlgn

F1alne Aty nauauUAvesnudIniniinanundndudes Anwidnsdiuves
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dudnmimunzaluianugnienisaiyiulnvestilned1n mieignuauaie

v 6 = =
WUINUYINE

A5N15AEUN15I98

andunrsnaaesdinluidasnizdgn unine1desvigenssiil aud

Y

[ [

N13ANYIAIUNIT dLnoiilas Jamdngassnll seninedun 1 dueiey - 31 Aaiay

2563 Tuaninutasgn fuiifidnuwasAuiuuunss (sandy loam) el
dunaniuiudinmiodutagugnininatmiegnuauaeiudiviowd Tne
MRUNITNAADILUY Randomized Complete Block Design (RCBD) 312U 4 .
INIYANUNIIN 81IUAEEN YA 30x30x30 LUAWRT Hszeyn1aseninemgu 40
WWURLIAT WAYYEYITIIALAT 80 LYURINT S1UAU 4 U 9 Ay 4 viaw Tauua 16

[

vy luusiagvduiaSuianuan vquar 12.5 Alansu wleuianuanvsensauudlag

wantudinmuasiuly 4 Snsran (e 1) fal
yEAWUAT 1 (naumuey) Sasugnnanauansioniu Tusnsidm 100:0
yEnudT 2 YanuanuandTinnsedu lusnadiu 75:25
yEnudTl 3 anuanuandTininsedu lusnsidru 50:50
yEnuud 4 JanUgnuauddanisiodu ludasdu 25:75

9 Y

M13199 1 ddszneuiaguanluusiasvisauue

= I3 = I3 = g ! s
NIALUUR NINLUUR NIANURA NIALNUR

daudsznaudaguan 4 4 4 4
n1 n2 3 4
gutinn [Rlansu) 50 37.5 25 12.5
A (Alandw) 0 125 25 375
Joinilansiae 15 Alansu) 0.07 0.07 0.07 0.07
Joaan (Alansy) 0.62 0.62 0.62 0.62
R 50.69 50.69 50.69 50.69
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1. maweududinn nszvaumsndndiuiinivesnisinuedsi Tian
M3IEIuAszaag nsruiunsnaniiFududinisindsufaugsinaiiuEng
nIzUILMEENE LTI 200 Aas Taeduiiuns 4 tumeu il dumeudl 1
nslaanuu 14aan 1.19 $alus Seumgluinudes 80 ssaieaidea duneudl 2
nszvaunsliuduni Tnevdeslilniivdianialuseluizes q guwgfifiuin
Udosgatuseming 80-103 asanaaiea 1inanusyana 19.27 $2la unnainnis
'im&hﬁumﬂ‘?uﬁ’wmLLﬂJuvﬂﬁuﬁmaﬂu fnduwmiuguogiaguus Fumeuil 3 M
Toidhuusas 1nan 11,53 dalus gaumgfifivnudesasdly 130 esmiwaifea a1niu

Y Y

pumgiifiunnUdssananiios q e 55 esreaidea IsUaniunuaznddedlyl
Tiadin dumeud 4 mevhliauwndu Tasfiald 3 5u Felddrdiuganmesnain
w1 insuaaulilinuinidnazBensouriunginsy jnanvuiadurigunans
5 fiadnswanhlUldnauiuiaguanauununismaaes
2. FBmsdgn dhwdedminatrimiiengnnauaeiugniewdadugudan
wauay 2 wan lneUgndnadlufuuszinn 5 WuRwes nrau 119U 16 nau uia
smiliguneuszana aquuaudgndasrisiiufiotesfuuasuanuagdiodnifi
autuluiy mﬂfuLﬁuﬁaaéwﬁudauuawé’w@ﬂ InluuAay 1 fleg1s 9 ag 10
n$usev3niuus diluTiaseian pH vesiureuuasvdagn aualsidud1iinenu
svezia anetamseigiulavesdnineandentuiinnansnaaedils dil
2.1 nMsasyiulavestinilng Inanunaranuaavesainu lu aen
waziln lnganuaarinnnlawiuauisaegendouvesszesn1siasyiulaluduam
usn Janugemdsaintgninlnaeennenynduny aufaszeznensagisuoenaen
14 fovay 50 vosdnlnaamun (wufms) Tarnugedenendaiiiosnaenainiay

[

AuUAUBINUYADNGIE (lwuflung) TnAnugeiunianiniseenidn anlauduaua

Y

faudosiioaniindnlng (wuiwns) waziannunitwesludilng Feedenialud
auysalianvessiu (wufens)

2.2 wandnvestnilnandinisiiuier Taprnunirswesindnlnaneu

Uenuagudsuanidon Tneideningaiiauysaifigauesilndnilng (wufumg) Tarn

g1vesiintlnansukarrasUaniuaanainlauinauisuansvadiln GauRums)
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Fahminindnlneeulonuazndweniden (n$y) wazinAIAMNMIUYBIHANER
wiatalnandsnisiiudien (ebrix)
3. MFAATIZAAU YIIN1FATIERaNIzAT pH wasUiisevesfuniaseau
ANLTULTIA pH wBsAu (soil reaction) (Peech, 1965) Tagldinsndaudu: i (1:1)
¥msdaiaegniu 10 nfu ldasludnineduwnn 100 dadans Wnindu 50 Jadans

Y7
v a

udlguisnmMaulid Aunsislingnstdeos 30 Wi dansazansfuiilaluina pH

v
[

fegNaITaraIuAuay 5 A5

4. MyleTeideyaneada yansyiulnnasnandnvestlnaiiugn
TuudaznInuud anfuuaade wardnsziauuUsusiu (ANOVA) ins
Wsuiflsuauuansansadfvesaiadeiisnunnldvesunasinuusiaeds Least

Significant Difference (LSD) aaelUsunsu Statistix 10 lagfiinuaseauiudifgnig

'
o |

A0ANUaENIN 0.05 (P<0.05) ALILATITILUIILUNITNOUAUDIVBIDATIAIUAIUTINN

qua(ﬂf‘ﬂqa 1875 Orthogonal Polynomial Contrast

Han133vBuazaNUTNa
1. wan13Ive
1.1 Arrnandunsasisvesianuan (pH) dudanmiildanlsuzaininn
Jusng mansinsieiien pH vesianUgnneulgn wua pH anadnudnsidiuau
FanwiluTanugn Tnevisawusd 1 (100:0) fe pH Aeuvgngsan luvaei vi3amudi
4 (25:75) fifin pH feulgn fam (8.22 uaz 7.86 MudU) A1 pH vesTanUgnuds
nsUgninlne nuiiidanasieIeuifivuiudn pH vesTagugneunisugn

F1ilne Taefan pH 529319 7.13-7.19 (11514 2)
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M1319% 2 A1 pH vesTanUgnneunaznaelgninilng

A1 pH
Treatment - ”
naulgn nasugn
Biochar 100%: soil 0% 8.22 7.19
Biochar 75%: soil 25% 8.12 7.13
Biochar 50%: soil 50% 8.05 7.14
Biochar 25%: soil 75% 7.86 7.14

1.2 shumsisapivln sasdumesdndinwdinasluiaguaninaens
wiydulavestnlwaluduanugsvosdidu Tuyndunnsi (11319i13) onciuduenmi
2 Tngimnaignlutagugnuananudaninsedu Tusnsnda 50:50 (M3Amudi 3)
fiAedomuanugs gaige luvugiiianugnifisnsdrunauvesanuianinseniu

Y 9

25:75 (MInwuAn 4) ARaeANgIan

q

M15199 3 NaveUTINNFBNTIATYIRUIARUAINEIBIRUTILNA

AU (1wuRLuAS)

Treatment SUanehdi

1 2 3 4 5 6
Biochar 100%: soil 0% 9.0 123 195 360" 49.0°  87.7°
Biochar 75%: soil 25% 6.3 110 19.2° 3657 482" 855
Biochar 50%: soil 50% 7.5 140 267 437" 620" 101.0°
Biochar 25%: soil 75% 8.0 120 2150 3377 440° 735
F-test * ns * * * **
CV. (%) 1942 2384 1693 1384 1798 847

wema:  ns = ldilanuuaneamnieeda

* = LANAINUNNEDRNSEAUANUTDIU 95% WAL 99% MUaIRU

U @

A9NYINIBBINguaiuiesie luneauneIfeInluwaneg

AUN9EDRALABIT LSD NSEAUAIILTBLY 95%
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gnsrduduiinmlutaguan dnadenisasydvladiuaiuniteedly
Falwn eugeiumianasig anugeiumisdniindalnaesedia) lned1lne
fiugnluianugnuandudinmseuluvdawudil 1, 2 wag 3 laiflanuunnsiisiy
ynaadd (P>0.05) luvaedivanugnluvaiudi 4 Ensidrunauvessuiinmsdedy
25:75) flAadssuanuniisesludnilng anugsiumianasiy Anugaiiume
Aniind1nlwadian uand1segrsiidedrdaniead (P<0.05) iler3suifisudiu

VIAUUAN 1, 2 kA 3

M990 4 HavesudinmdenssyulamuanunIvedlutilng AEs

FuvanaseaE Anugwiuiaiaintilng

AuAIsly AUGIAWNUY  ANGIUMUS
Treatment F17lnn WNETAIE \iniln
(g./Au) (g./Au) (¥./Au)

Biochar 100%: soil 0% 7.8 152.0% 72.7%°
Biochar 75%: soil 25% 1.7 162.2° 80.7°
Biochar 50%: soil 50% 7.3° 150.7% 69.2°°
Biochar 25%: soil 75% 6.1° 129.2° 62.5"
F-test ** * *
C.V. (%) 6.6 12.37 11.66

nEWR: ¥, % = uandneiunatianseduadetu 95% way 99% audEIRu
AI9NYINIBIBINguitstuiesifdlunedudifeafodnldunnsng

AUN9@DRA LAY LSD N5EAUAINNLTBLY 95%

1.3 unandndrilne snsrdiudrudinmluiaguan fnadenandn
dwinin puniswesiin uarauemvesiiniinoulsniUdenuasvdmaseniden
Fnlnaed 5) lnsdlnaiugnluiagugnuandiudrnwseruluninmudi 1
Wz 2 fnandnintnin amnundewesiin wasamuevesiinieneuleniUdenuay

nadslanidentlnaiian luvaedilnanvgnludanuanlunInmuudi 4
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o
U 1

a & % @ v dl @
fAnaasuminidn anuniiwesiln uazainuevesdnanauleniudenuazvias
nasenilden d1iluesian wanssegaltudfynneaiia (P<0.05) Wallssuiiiey
AUNTAIUAT 1, 2 waE 3 BNTIANENADEIUEATIAIU 100:0 kA T75:25 LNUUNII

IinananAunIEN wazANeEnfan

al ' a 8 ) ! a o a P
A5799 5 NavRIuTININn e tninnauleaniUaantazasUaniUasn AunINg
Yasilinnaudan wWasnwarraslaniUdan Amnueg1vesiinneulsnldsn

wagnaavasUandant1ilng

Uninin A1uN319rn AUe12Eln
Treatment (n5u/eln) (a51./¢1n) (51./61n)
nau hag nau naq fou haq

Uanwden Ueanwden Ueanwden  Yenwden Uenwden  Uenwden

Biochar 100%: soil 0%  175.2" 167.3° 4.8 44 293" 182"

Biochar 75%: soil 25%  207.9° 173.4°  4.8° 4.4 29° 18.5°
Biochar 50%: soil 50% 1625 131.1° 4.5 40" 25° 16.0°
Biochar 25%: soil 75%  120.8°  1020°  4.0° 3.0° 24° 15.0°

C.V. (%) 26.38 16.09 5.81 6.42 4.08 6.23

NBWR:  *, % = uaneeiuneadianseaiunnuedu 95% way 99% audnu
U U U dl

MoNYINIWSInguiasiuiesifeluredulRefodliLanei

AUNIADRLABID LSD N5eAUmINULYDIl 95%

1.4 Armnumnuindialne Sasduaudinimlutanugnldfinasen
euvuYesdadng tnenudntuynvisawug waadrlnadainnurnuindun
15 brix

2. aaUseNa

futinnilnavinlvian pH veslaguaniiutumudnduvesaudininly

[

anuan lagnudnen pH vasaudinnlduzaenldlunisfinwiaseiliden windu

oo

22 Fafinuandfidusnstiunans Wenauasllulanugniidinavinlian pH voeian
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Ugniiiudiu genpdesiumsfinevessnaa sreul uazane (2560) ladnwiamadd

MauATveInIuTININGIAT pH oglutae 7.76 wardnuniIkasgngu 93.36 #1379

Y 9
¥

wny/n3u Jsdinaandfanunsageduinlufuiernudulufuliuazdadidnanmdy

(% [

anUsuUsRuiionssivTnvesiivldidustned d1 pH vesianUgnudsnisdgn
$1lna wuitanmdanugninisgaduuisindis q ludangugniiieluldlunis
Wiivln fofu ndsugniamuinseduan pH vemanInmudiidianaseglurag
7.13-7.19 dneglusziuidunans Wuanmwilnzaudemsiasapivlavesiiv (1
$UMIUDN UazAE, 2560)
PNRANMTIATIERRIlTINSReuauaassEauiudnmludaguan fe7s
Orthogonal Polynomial Contrast wui1 §nsndiuvesdiudinnseiuluianlan
Frlwadranides Tdvdnadenisasyduinvesdalng TasludUavd 6 ndenis
Ugn dasndruvesaruiininluianuaniuuiliunisnevausssdeainugivesdnu
Frlwauuy ElAsidsans (Quadratic; P<0.01) Taewuin dmilwedivgnluianuan

fgnndiunanvasiuiinnuazAulugnsidiu 50:50 dnsasyiulasmuaiiugs

e =b_

agn drupnunitavesluiivnliunmsnevauasiuuidunse (Linear; P<0.01) lag

A o \

vindlesnsdruvesdiudinmluianuananasiinavivliniiunitsvesluanas

=

denndeInUNandnt1Ilng lagnudndnsidiuvesdiuiinmluianlgnianasd

WU LUYNIAUINENE N AIINNINAEAINNENIVDIENNTIILNA AAAILUULAUANTI

¥
a A a

(Linear; P<0.05) M4i@19til09113n Aauauiani1aaiived udinmiiuimuag s

wyu anansagaduinludu vibiauguaulufudiedy [Wuiteglitugduniddmiu
<

yRanssuiteasivemslinu uazAugauauysaidu Ysuanmaudunsawaves

[

AULNZaNADNISRIYRUTATEIT NG UanaINtU GallussiniidAglunisiasy

q

Aulaveadalnaldd fdneamdutanuivugeduienisioiqdulavesiivlfidu
28197 (5Pava B19Nl LazAMy, 2560) @BAAABINUNISANYIVRIRASANY Asaviuay
o3a1 gnain (2556) levinnsveasansusziliunanisussgndldudinimilenis
UsuugsiuitonaunutorenluusdndsannsanaunulsidensSouifisusasd

Jpansenudinmnuingnsdiu 2575 Mlinandainavidumdnindesiai
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A3UNAN13IY
Sanauvesanuliuzanadinwlutagugniianasiivuiliunisnevausssio
Augeveddiu anunivedly wardatmdniin anuniisvesiin wagaue
yasilndnlnafianas Inedisndrunanvosaruiinmdenuluianugniisnidu
75:25 finasemsiasyivlanasnaninvesinlnatrimviesaneiuganuauiniejual
Fitan ogdlsfinny msfimsfnwdssanssnuressudanmililuftufinne ugnie

luszere1 uaganaULIUMUATEgAaRsYaeNSUgNIvWsazsllnsely

AnAnssuUTENA
YavauANa1v I InAluladn1sdniy Auzmalulal unIng1des1vay

gAY NatuayuanIuIAaes

LONEN591989

nARTUNS waaudl, Fouy Aanns uay g308 I5I0A. (2557). MsTanisAume
walulag@ininlunisndnasdrlufunsie. 275a757ngmansinwms,
45(#iLew2), 605-608.

91907 wguIUen, duUALLAT AoudIf, INYEA1 WTANE kag 1350301 WMIUTERAYS
WaTiHA. (2560). AIUTINN: HasBAMANTATDIAULALNITATYAULAYDIT?

YINIUAY (NMsnaaauluanInnszan). ununees, 45(2), 209-220.

faa o

SufYg] WARISIUIL. (2562). NITHANDINTIN Az INIINITITUselord. Auau

a

o Juil 29 fiurAn 2563 990 https://www.erp.mju.ac.th/.

v o €

nint aus¥s. (2552). M3UszidupIumaInaIgn1eiugnssuvestIalng i

o—

FuunlnednuvasdausuinguaznisaovauedalsaTIu189.
UININYIAUVOULNY, VDULAL.

filana Vnoe uay evya InsUszAug. (2560). msﬁ@umLLasﬁywjﬁummem
WINWUMIEATUTINN. 275975998UaRIT U IMeI18851940 ageaansal

luwszususigudud, 12(3), 27-38.
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A91030) widngail, 351A FEfia uaz A135a nelsan. (2560). nanisldau
FINMANLNAUADANINNITALAILYATINR I TNYLALNTITYAULIDIU
fugnlufuiloyu. 1sasivmansavwaumiuns, 43), 65-74.

WAIALS WY wae ARST Wenae. (2554). nsldauuiuussiudiiaugndnlng
Dwilemnu. 1753191093, 27(3), 259-266.

aQ o § aaa L3

dnual @AW wag van gnadne. (2556). MsUszendaudinmlunisySulseaiu

)

Wiensinums. 25aIuAIALAIAN U IYYEmARS, 39(2), 212-225.

Smava 919udl, Aeyauus 42987 UaT BTUN MeNTuNs, 2560. auvivedlulev i
nanarnawdnlng wazdneniwlunisliilutanusuugediu.01sas39euay
Wy dlageasnsal luwszususiyudud 56, 12(1), 53-63.

Thi, M. V., Chulaka, P., Kasem, S., & Kaewsorn, P. (2013). Effects of Bio-charcoal
and Organic Fertilizer on the Growth of Mini Chinese Kale. Agricultural
Sci. J, 44(Suppl.2), 648-656.

Peech, M. 1965. Hydrogen-lon Activity. In Methods of soil Analysis Part 2. C.A.
Black (ed.) American society of Agronomy, Inc, Publisher. USA. pp. 914-926.
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Awuzthd Mgy

NsEaTIeImansuazmalulad 1nIne1de31¥ian357% (UDON THANI
RAJABHAT UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY; ISSN 2287-0083)
Jegon1w1dangy “UDRU Sci. & Tech. J.” #inguszasAiiiomsuniunainaisouas
UnANAIYINITVRIANIR15Y 1n3de dnivimsuazdndnwimemuinermansuay
walulag Msasfumsaiuiweunsunanulunguinermans arvuadl #and
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