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ABSTRACT

The objective of this research is to apply and test mathematical equations for volume forecasting
the electricity usage at Uttaradit Rajabhat University using 7 factors; 1) number of buildings, 2) building usable
area (square meters), 3) number of air conditioners, 4) number of light bulbs, 5) number of students, 6)
number of teachers and personnel, and 7) amount of energy use during the time span of 6 years (2018-2023)
and applying 4 equations which were 1) Trend prediction equation (Trend P.), 2) Simple moving average
equation (SMA), 3) Exponential equation Adaptive one layer (ARRSES), and 4) Exponential weighted moving
average (EWMA) equations. The research results revealed that when testing the mathematical equation by
bringing monthly data into the equation, EWMA had the least error with an average of 15.20 percent, followed
by the ARRSES equation with an average error of 18.15 percent, Trend P equation had the average error of
18.59 percent, and the SMA equation had an average error of 19.98 percent. When the annual average data
was used with the equation, it was found that the Trend P. equation had the least error of 6.40 percent,
while the other equations had more than 25 percent of error. Therefore, it could be concluded that the
appropriate equation for forecasting electricity use should be the Trend P. equation combined with annual
data. This was because the data set used was linear, Trend P. is the most appropriate. When the above
equation is applied for forecasting together with annual electricity usage data of Uttaradit Rajabhat University
in 2023, it is found that in 2024 - 2026 there will be an increase in the amount of electricity used. 5.57
percent, 6.37 percent, and 12.23 percent, respectively. If there is no use of alternative energy or energy
management policy As a result, in 2026, Uttaradit Rajabhat University will have an electricity consumption
of 7,525,959 kilowatt-hours. Or calculate the electricity cost that must be paid 36,801,939 baht per year by
calculating the electricity cost of 4.89 baht per unit from the total average electricity cost from Value Added
Tax (VAT) plus the automatic electricity rate adjustment (Ft) from the year 2018 — 2023. Therefore, the
application of the above mathematical equations can predict the electricity consumption of Uttaradit Rajabhat
University. As a result, the university can use the data to formulate appropriate policies for energy management

in the university.

Keyword: Forecast electricity consumption, Energy management, Time series forecasting,

Linear equation forecasting
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2. WonedsvaunIseRdamansiimzdmsunisnensaluSunanisldlnindusunisudmssanis
A luminedesudgansangd

/AU

sUnuumsiniuuafensussgndldaunsadinaansiiewsinsaiuiuanslilnindmiunsuims
Famandanuluimine1ds axannsauudsindunsideoendu 2 dw il

1. mamuradeyatiadenameatn S 7 Yade fe 1) Suaueians 2) fuilldaoserans (Maauns)
3) SrnuAdosuTuenmea 4) Suaumasalil 5) Swauin@nw 6) Suauesduazyrang uag 7) Uinanisld
waaau (Flatnd-Halu) ounds 6 Y (n.a. 2561-2566) (iiney Taduns uasdi Bondu, 2563, u.82) wazannsth
{]ﬁ]ﬁalﬂ‘[.ﬁ;:&%smnzgiﬁﬁwﬁww%mmﬁﬁwﬂﬁa

2, ﬁﬁagaﬁa%’amm’mmwﬁ% 7 Jade e 1) e 2) iufildaeserms (1s1aune) 3) S1uruaies
U5uene 4) Iunuvaealil 5) I1ulindn 6) IwIueINouazuRaINg way 7) YSunamsldndenu daunas
6 U umhmsmunieneiiiuaunsadamansitonsinsaluuanisldlid siwaziBeavesisnsduiuns
fandmazannsnesugldividoseluil

1. MInusndayauariinseideyasdanieaunisaiinaans

Brsdudununmunadeyedadeiig luftuidwaowasdenihdeyauimanslédlniing

° '

AwInENaINM IeRdamansivenensalusamslaln wasideyamatuiniiasansiuiuladedug wie

Mvusuleuenuagay lngldisnismeinsaloynsuiaiwuuaaiadn (Classical time series forecasting methods)

=

niidedfeamnsanensallagld yadeyadnundseiutoyanislilwihmedieunseossd seainniswensalounsy
NAMUUTUgIeE1s SARAIMA fidesldtayasiuiunn uaslisUaunsiidudouriieindenisuiluvssgndldo
fAsuldAenlFaumsssnsiefiomnganfunismensaiviiunsidliilasaunsannsnesugléwidaseluil
1.1 aun1sn13AIAAILLLALYL (Trend projection)

aun1sanmziuLaliin vie Trend projection tHuannismsadinanansfildaunsdadum
Anufuvesdunse uarmanuduiusvesaasiinys deaunisnisainasunudldnduisnisweinsaiiiends
nsmenuduiussznindeyalusfnuaziig lneanudduwilduluswanssdulluiamadeduduiuly
s oy A a asdudpsdifisouny v wazan b aufumanuduresduninliy Fwsveniafieniuwazsns
mewdsuulameaunltiilueuian (Dong & Pedrycz, 2008, p.3267) @un1s aenaniivenreiuisnisweinsal
Aeuazitilade awnsathluldlatudeyaduiumn wazshluldldtudoyaiianumanmaty wilidedede
m'«a"l,:u'LLaius]’mmLLu’ﬂﬁaﬂuamﬂmLﬂaisw,maaqqLﬁuVLUﬂdWLLmIﬂuﬁmum (Onaolapo et al., 2021, p.4; Pataropura

et al,, 2020, p.118) lngaunisnsanaziulwIlidsUsuuaunsiaselull

a=7V—bx (1)
2Xy —nxy

b=—-F—7— )
Ix? —n(x)?2

—

Y=a+ bx (3)
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Y Ao AINEINTAIAILUTANM

a o epsiifidauny y

b Ao AIANTUYRAdURTILL LN
X Ao eTzEIan

dloaunsit 1-2 Juaunisdwsumseuamannsd uaz anuduvendunss iethwailsuldsunaly
aunnsi 3 %ﬂLﬂuaumﬁmmzLuLLu’ﬂﬁm’mmaﬁwmm%yjamﬂqm a an b yiliadnsanaunisfananause
povuwliuiimdsaziAntulugadaluly
1.2 aumsmsnernsailagliianmshliseunuuendlusiuudeanietu (Adaptive-response-rate
single exponential smoothing, ARRSES)

ARRSES wiaaunismsnennsaflagl4iansviliSeunuuendlusiuuidsanisuuuuiuald
fﬁ“ﬁ'miwmﬂiiﬁﬁiﬁfﬁa;ﬂasluaﬁmmﬂ%’mf’mﬁﬂmﬁwmﬂsaiImﬂﬁuuadﬁa;ﬂasluaﬁmﬁﬁLLuaiﬁuiﬂéJLﬁmﬁ’v%’ayjaf]ﬁ]ﬁ;ﬁ’u
seiihwiinduegnals TnansfvusAenzianzames O nsiwasuman O Wildmudneazamnunainndoui
Aatu il wennsaiusualumunisasuasiilnddssiuanuduasdnetaunisel

AMNEINTE] 1 YUREIANENUTN Anensal al 1ian t e 0 < O < 1 feauns

Z.()=aZ, +(1-a)Z,,(1)

E E
L &y = ;‘Lfi:,
Tawdi E = fe, +(1- P)E,
M, =ple|+0-pM
e, =Z.-Z.(1)
1 I
msfmuReASLiY Z o () =Z, vis Z oD =Z ;Z

a,=0, a,=a,=a, = ff fwsid 0.05<F<020
E, =M, =0

NNFUNST 4 DA Wunisivuadeya A wWissudivdn waztdndmvdnduinldiludeyasiedly
nmsnensal Favinlvildesfeaunsausuimudeyanilisundadluidagyisianld (Fahrudin et al,, 2021, p.129)
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1.3 @un1SALRABLARBUTILUUGY (Simple moving average method, SMA)
' a = A | = & ANy Yo v Aa 4:1'
aunsALafsfouniuuuie e SMA Wuaunisildiuteyaeunsunaniinsisundasly
wiazganatlaiuanesiuannin (Aji et al, 2022, p.965; Ramadhan et al., 2022, p.99) ToyapunIULIANLATOUL?
souAAaAmriadusseznaIuy MwuuARisAssEzeaunTRILUUSaT
AmeINsal 1 viheanalmin inensal e Lan t ledveyalvsiidnin

t

2t(l) =

1.4 aunsaeduindsuiiaivtnuuuendliiuuiea (Exponential weighted moving average,

EWMA)
' a - g o a = <, =
aunsn1sAan1sallagAnadsirfounanuminuuuendluiuuia vise EWMA (Juaun1si
annsangnsaiteyadiavalmtn 1 mhenan laglddeyatagiuninansenudeamensalluewnan Al
wiinvesdoyaliviiiu Inedeyaaanasiihminunnideyanieglnasenly ihninvesfeyasvanasuudndin

wudeanunaividlnaeenlulusiin (Adewuyi, 2016, p.103; Herdiani et al,, 2018, p.8) AuNSHINANIEILTO
asuelanail

AUNITULIAN 7 Z 4 4 4 Z
i 1 2 3 t-2 t-1 t

] H o a t-1 t-2 t-3 2 1 0

gravinuuudndlnuulsa a a a a a a

-1
Za’“ZH

- S
20 =5 " (6)
I
r=0
e Z, fe Adunasiangn

a fAe APedl 15enIn Jadudiuen; 0<a <1

Amensal 1 wuasnanalsn fineinsad s vian ¢
. -1
o S, = Za"ZH.
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=Z +dZ_ +dZ_,+aZ _ +..
=Z,+dZ  +aZ ,+aZ ;+..]
= ZJ. + HS;._I ;

Toglvasuau 5,=0

-1
W=y
r=0
=l+d +a’ +d +...
—1+all+d +a +a +..)
=l+aW_

v
v '

Tngliendudu - W, = 0 Jeiifeyalvmidun 1 weu fie £ switehlusiindilnageld fie 2 a¢ld
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Zin () =%
" Win
e S, =7, +as,
., “1+aW,
fenAiavanevasdmennnl do  E[Z,(1)] = u

' = ad 1_
wazanuulsusiuvesameinsa fe V[Z,(1)] = Jz(l—a)

ANSNIUUNAT Q
ivueA1as? @ 1na 1 azwSeuaiounisiiuen n luisandendsunasamen

waronmuaAl @ 1na 0 aziUSeuaiiaunisanan n lWASARRLAaRUNAS LA

2. vidayatiadenameatwiia 7 Jade aieseiinuaunsadnmandiionsnsaiUsuunsld i uay
mmsmaauaumimaﬂmmmamwmmvmmumi‘wmﬂimﬂimmmﬂ%’lw% Iﬂﬂwmmqmﬂmmwmmﬂmaau
vosaunstosiian mnnsitauniadusuuldunliilunismeinsal 1 gdumih dfulsiidunismaaunan
\ABUTBIANNTINGAT ANANLARIALAABY WU (a-ANa39)/A1939)*100 wagthaunsiildunvimsneinsaiviun
nsldlrlihvesminerdelutasouan 3 U (ne. 2567 — we. 2569) Liesannisaanisaiszezendndusie
nsianagnsanlugielinismeinsaiviuunsldlwifinnuindede szoznanimmeinsalliesifu

3 -5 (Klyuev et al,, 2022, p.15)

a o
WaN13398
ﬁ]’mmiiaummauaﬂa%mqmam‘wm 7 9998 Usznause 1) $1uauenans 2) fuitldaesennns (msns
Lwng) 3) Smnuatensueme 4) Suruvaentil 5) Iautndne 6) uruesduazuaaing uag 7) Y

nnslimdannu Fladad-talus) dounds 6 U (ne. 2561 - 2566) Toyamsainuansianisa 1

M99 1 deyavnsatiadadememeninuninedesnvigensang

o

IUIUDIAT 154 155 156 163 168 168
Nuilldaosoins (.2) 98,231 105,743 106,425 111,200 114,612 114,612
Snnuedesiuennia 827 827 842 1,487 1,643 2,026
Tuuviasa il 15,084 16,238 16,342 17,076 17,599 17,599
FIUTNANY 9,056 8,094 7,161 7,219 6,151 5,724
IIUIUBINE LaTUANS 961 979 961 976 955 944
AT MNSI9U

—~ oo e 5,618,347 5,377,290 4,590,004 4,293,629 4,981,182 6,719,636
(Alaina-37lug)

1 : anIne1deuigenshnd (2566)

o - 9 o 2 o o a = Y
NG - mu’;umiaﬂﬂ'ﬁummﬂLLaxmmuMaaﬂVLWﬂ’]Lﬂumiuummut‘uwimmmmu
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Power consumption (kW)

—Artual —O=Trend P. —fp=SMA e ARRSES =i EVVINA

A 1 nansnedevaunmanensallagldvayanisldlnihaedou

| I I I I

Trend P. ShA ARRSES EWMA

=

Percentage (%)

(*.1

)

Equaticn

A 2 naAuRaNaInlnesImvesauNMIneInsaintldteyanisldliihedou

a1 - 2 Wunsuansmanismagevannisinglifeyaneroudunat 69 weu Fausid A, 2561-2566
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A o v A =~ Yo i = a ¥ A = & ax
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Uszrduus msUsendandanu viensasmuivuszanalasinisdanisndsnu weidunisanyIunaailai
vpsviinedelaegnefivsyadnsaim

a v v
ﬁ?UNaﬂqi'T\lf'J LLASUBLEAUDLLUS
#3UNaN1539Y
a o t&l [ v a 6 o U € 1a
MATeildunsUszendldaunisniedinmansdniunensalvsinanislidlng uaznisnaasuaunis
nepdaaansnmunzdmsunisnensaivunansldlini dusunisuimsdanisndsnuluuminedesiady
9ASANT NAN1SANYINUT IINMTIATIVEUNINNANAFEATE aUn1s Ao 1) aunsaiaaziukuilidy (Trend P.)
Y | Ay aA & ad sl 1% ' ° Yo v ° ° Yo
aun1sianafidefe duisnisnensalidewazidnlaing anunsadldldladuteyatnuauinn uazildldlady
Joyaniinruvainuaty widldeidsfeeraliuivgmnuuliulueuanasuwdasgaiulunduualduitiun
2) aunisAnadeindoudiuuuitg (SMA) Wuaunsiildiudeyasunsunaifiinisasuwdasluusasgaail
waneafiuann 3) aunisendluiundeaniletunuuysuan (ARRSES) Wuaunsiiiisnsmensalilideyalusfin
wSutvtnnisnensel lneauudindeyaluefsniivwililndifssiudeyatagduiilirnmensalusudnluniy
madsunlasfilndidesiunnuduass uay 4) aumsaedeindoufisrimdnuuuendliwmdea (EWMA) u
aunIvansnsanensaidayaiiavalmth 1 mihena Inglideyatagiuninansenusermensalluauian A1l
Umiinvesdayaliviniu e 4 aunaduaunsedinmansiianuminzanlunisyssendlddmsunensaiviuu
msldlwihuazanusalduunidudaneifiuvesssuvasaunald



UR 19 QUUR 1 UNSAU — DNUNBU 2567

Vol. 19 No. 1 January — June 2024 11

dmsunsmadeuaLnsAdamanTndmiunsensaiuInan st @3%“81%%;3@%581’71'
daaseUSinansldiiiduu 7 Jade Ae 1) Sruauenens 2) tuilddesenns (msaans) 3) Suwetes
Uuenia 4) Sununaealil 5) Suulindnw 6) S1uiuenansduasunains way 7) Usananislandany dounds
6 T (1.1, 2561-2566) LitonAdEUANMSARIAMARSITS 4 FUNNT NANNSANY U Lﬁ'aﬁﬁa;ﬁaiwLaaummaauammi
WUl aunns EWMA fianuiiawanatiesfianiadedosay 15.20 sesasniiu aun1s ARRSES fanuiawainiade
Yaway 18.15 d@ums Trend P. mnuAananaededovay 18.59 uas aums SMA Ranannnasiesas 19.98 Jui 4
aun1siauRananlnalAesiu LLazLﬁ'aﬁﬁayjaLa?isms%mmaauammi WUIIELNIT Trend P. azauianann
tiouiian Faflnnuiiananaiadeilesiosa 6.40 druaun1sduq Ailnnuianamnnninfesas 25 Jeaguldin aums
AdamansTimnzadmsunsnennsaiuiinanisldlng fie aunns Trend P. Sudeyased wazdlerraunis
Trend P. wmensalsmiudeyansltliindenetvesmninendosudgensing WeToudisuduumanisld
Tlud wet. 2566 wudn Tudl ne. 2567-2569 aviimsldusinalwiifintuiesay 5.57 Sevaz 6.37 uay Sovay
12.23 Muany

Farauanuzlunisiinanisideluldusslovd

1. aunisadarmansaunsailvldlunswensaivinansldlnivemulsanuniee 16

2. aumsadiaenansaninsailUldunsiassuuasaumedioldinennsaiudinanisldndseliiuay
Hratuayunsdndulavimsdanisnasnulaiila

3. annsa i dunuimslumsanuSunanslidndsanulnilugminedeansg 1o

4. gnansaliiduwamdlunismnaunugsdganundunmine deddenls

5. gnseldienmeiiewddymnsldngdanulniilunbenusie Wedusumadunisdaadunsld
winunaunuluguvuviosdiuled

6. awnsaldnanisneinsalsaniutadun1susziiun1sdnnIsAIUNG U (Energy Management Matrix:
EMM) wiglffuuuamdlunsuimsianisaadervuangnsensisdmunuiasgiu ndninmus wagisnisianis
Wé“qa'miuiiwmmuqm LATDIAITAIVAN W.A. 2552

Forauauuzrlunsiseadely

1. Yadeiasialdfuaunsadnmansdmiunensaiuiinamsldliihasideyadoundafingy

2. mnTwidedeiidmatunsnennsaluSinansTalniiiudy

AnANIINUIZNA

YovaUANIVINENdBTBAgeasAnd Tlvirweynseiteyauazatuayuanuilunisduiunside uas
vevounaimsnanduasfifenmainelunar neueniiliduinu uusi waslifoiauouus st veveunn)
Sdiednerd uninenderuigduauiadmse fswsanuazaniumstarhauideluaded

LONE1591999

ATENTINEW. (2552, 25 Fueen). UsenIanTensInaand 1509 aninasiuas3snseniunissanswasmlu
15999UMIVALAZD1AITAIUAN W.A. 2552.

W51 90 sAnE NeuleuBUAZILHL. (2566). TI897UUsETIT 2566. NBAULEUNEUAZILHY UIMNINERETIUAY
ATANE.

Syaing Aindansd, Juse 2edlialy, yaiand 3saina, nalld dudie, wazasiau wAde. (2565). M3dians
aussouzvesTruURAnllilwaduatefinduundmuuuidousefussuuaisdweanauiamuakiliung

Jwind e, 29387539075 W InenaesIvinensang, 17(1), 81-97.



-\ 01sa1s38INS UMBNENAUSIBNNNSANG
Academic Journal Uttraradit Rajabhat University

12 ‘

Winey Gaduns ez 37 1Bondu (2563). mamenisaiuiinunslilnihaamionsuuuesussmelne. 275575
Inenmansysn, 25(1), 76-89.

Adetona, S., Ogundeji, A., Ipinnimo, O., & Salawu, R. (2020). Reducing wastage in electricity usage through the
use of advancement in GSM technology. Journal of Engineering and Technology (JET), 11(1), 83-96.
https://jet.utem.edu.my/jet/article/view/5546

Adewuyi, A. W. (2016). Modelling stock prices with exponential weighted moving average (EWMA). Journal
of Mathematical Finance, 6(1), 99-104. https://doi.org/10.4236/jmf.2016.61011

Aji, B. G., Sondawa, D. C. A, Anindika, F. A., & Januarita, D. (2022). Analisis peramalan obat menggunakan
metode simple moving average, weighted moving average, dan exponential smoothing. JURIKOM
(Jurnal Riset Komputer), 9(4), 959-965. https://doi.org/10.30865/jurikom.v9i4.4454

Dong, R., & Pedrycz, W. (2008). A granular time series approach to long-term forecasting and trend forecasting.
Physica A: Statistical Mechanics and its Applications, 387(13), 3253-3270. https://doi.org/10.1016/j.
physa.2008.01.095

Elduque, A, Elduque, D., Claveria, I, & Javierre, C. (2018). Influence of Material and Injection Molding Machine’s
selection on the electricity consumption and environmental impact of the injection molding process:
An experimental approach. International Journal of Precision Engineering and Manufacturing-Green
Technology, 5, 13-28. https://doi.org/10.1007/540684-018-0002-0

Fahrudin, T. M., Ambariawan, R. P., & Kamisutara, M. (2021). Demand forecasting of the automobile sales
using least square, single exponential smoothing and double exponential smoothing. Petra
International Journal of Business Studies (LJBS), 4(2), 122-130. https://doi.org/10.9744/ijbs.4.2.122-130

Herdiani, E. T., Fandrilla, G., & Sunusi, N. (2018). Modified exponential weighted moving average (EWMA)
control chart on autocorrelation data. Journal of physics: Conference series, 979. https://doi.
0rg/10.1088/1742-6596/979/1/012097

Klyuev, R. V., Morgoev, I. D., Morgoeva, A. D., Gavrina, O. A., Martyushev, N. V., Efremenkov, E. A., & Mengxu,
Q. (2022). Methods of forecasting electric energy consumption: A literature review. Energies, 15(23),
8919. https://doi.org/10.3390/en15238919

Nasef, A. F., Khattab, H. A. E-H., & Awad, F. F. (2021). Evaluating the impact of demand side management
techniques on household electricity consumption, a real case. ERJ. Engineering Research Journal,
44(2), 149-157. https://doi.org/10.21608/erjm.2021.62524.1081

Nimoh, P., Duah, D., & Marful, A. (2021). Energy consumption and usage reduction in lecture halls, Kwame
Nkrumah University of Science and Technology, Preprints. https://doi.org/10.20944/
preprints202106.0694.v1

Onaolapo, A. K., Carpanen, R. P., Dorrell, D. G., & Ojo, E. E. (2021). Forecasting electricity outage in KwaZulu-
Natal, south africa using trend projection and artificial neural networks techniques. IEEE PES/IAS
PowerAfrica, 1-5. https://doi.org/10.1109/PowerAfrica52236.2021.9543182

Pataropura, A., Sabatino, I. D., &Riki, R. (2020). Inventory management with forecasting method: Single moving
average and trend projection. Bit-Tech: Binary Digital-Technology, 2(3), 110-121. https://doi.
org/10.32877/bt.v2i3.162

Ramadhan, R. H., Yusman, R., & Pranoto, G. T. (2022). Comparison of holt winters and simple moving average
models  toidentify the best model for predicting flood potential based on the normalized difference
water index. JISA (Jurnal Informatika dan Sains), 5(2), 99-105. https://doi.org/10.31326/jisa.v5i2.1316

Shea, R. P., Worsham, M. O., Chiasson, A. D., Kissock, J. K., & McCall, B. J. (2020). A lifecycle cost analysis of
transitioning to a fully-electrified, renewably powered, and carbon-neutral campus at the University
of Dayton. Sustainable Energy Technologies and Assessments, 37. https://doi.ore/10.1016/j.
seta.2019.100576



answavaulJedunsgduiin Jegosiuuduingnswau
na:dginiinansiesyiAuln
na:n1sa:auuoagonIwvadludiu:nas

'3

Tunu : 19 furew 2566 w380 Snwsnsal’ wazniAnd Bunuun'
uiwile : 24 nsngan 2566 ARNYATANANTNINGINTTTTUY AL AIWINGOU
FUNABUTU : 26 NINYIAY 2566 UINIRBUIAIT JanTafiwaylan

*Corresponding author e-mail: chawalitra59@nu.ac.th

unAnge

AT TUsrasdifonSsuiisudviwavesdunidiuda esosluuiudngnanan (HO) Jointise
nsUsulsandavesiuluudasgniuduends nmssodule waznsazaninatinmasivdgenas lngviims
Anyidvisnavesil 4 wlin 1Wud 1) Yedurdsiuia (ORG) 2) Yesesluutiudingnanan (HO-1) 3) Joseslundude
gnsuan (HO-2) uag 4) Juiadl gws 15-15-15 (CHEM) 8ms1 50 waz 100 Alanusiels aununisveassuuudsily
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Addgy: snsnslide, Uedurzdlude, Yegesluuludegnsnay, nsazauuiadinim



-\ 01sa1s38INS UMBNENAUSIBNNNSANG
Academic Journal Uttraradit Rajabhat University

14'

EFFECTS OF GRANULAR ORGANIC FERTILIZER,
CHEMICAL AND GRANULAR ORGANIC FERTILIZER WITH
HORMONE MIXED FORMULA (HO), AND CHEMICAL
FERTILIZER ON GROWTH AND BIOMASS
ACCUMULATION OF CASSAVA

Received: 19 March 2023 Chawalit Raksarikorn'" and Pumisak Intanon’,
Revised : 24 July 2023 "Faculty of Agriculture Natural Resources and Environment,
Accepted : 26 July 2023 Naresuan University, Phitsanulok

*Corresponding author e-mail: chawalitra59@nu.ac.th

ABSTRACT

The objective of this research was to investigate the effects of granular organic fertilizer, chemical,
granular organic fertilizer with hormone mixed formula (HO), and chemical fertilizer on effects within soil
properties, growth, and biomass accumulation of cassava (Manihot esculenta, Crantz). The study examined
the effects of four types of fertilizers: 1) organic granular fertilizer (ORG), 2) chemical and organic granular
fertilizer with hormone mixed formula (HO-1), 3) chemical and organic granular fertilizer with hormone mixed
formula (HO-2), and 4) chemical fertilizer (CHEM) with a grade of 15-15-15, applied at the rates of 50 and
100 kilograms per rai. The experimental design was a randomized complete block design (RCBD) with 9
treatments, 4 replications. The results indicated that the soil before the study had low fertility. However,
after the study, it was found that the application of HO-1 (T5) and HO-2 (T7) at a rate of 100 kilograms per
rai increased the overall plant nutrient content of the soil and improved some physical properties such as
bulk density (BD), porosity (E), and field capacity (FC) compared to chemical and granular organic fertilizers.
Regarding the growth of cassava, it was observed that the application of HO-1 at a rate of 100 kilograms per
rai (T5) resulting in better stem size (diameter), canopy size, and leaf chlorophyll content compared to other
treatments. As for the biomass accumulation of cassava at 8 months of age, it was found to be highest in
the trunk, branch, leaf, root, and leaf stalk respectively. It was found that the use of HO-1 (T5) and HO-2
(T7) had the highest dry weight accumulation in the tubers (starch content) at 34.5% and 34.3%, respectively,
which was higher than other treatments. Based on the results of this study, chemical and organic granular
fertilizer with hormone mixed formula (HO) can be considered as an alternative option for soil and fertilizer

management in the cultivation of other varieties of cassava to achieve higher quantity and quality.

Keywords: Rates of fertilizer, Organic granular fertilizer (ORG), Chemical and organic granular fertilizer with

hormone mixed formula (HO), Biomass accumulation
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Judenas (Manihot esculenta L.) LﬂuwmLﬁswﬁﬂwmﬂmaqmmmmmmImwum U 2564 u‘wu‘mﬂaﬂ
sravun 43,215 13 Anudosas 2.97 vesfiufimzdgniimunvesimin @ineununsdoringasing, 2564) imm
Sunovesiauiy sunenseu Sunatiin sunavnin sunethulan uazsneidioswisdu SnvasAuiivgn
dlvadudunneuuiuiiu Gnadunieingh Weinwasnsugndndetuduszesnanuuazvanisdanisiu
uazjofigndesiinavhliiiuiirnueauauysali dwasensaiaiulamsuaisingwesiudevda 1wy msazay
waTanmludiusine maasyivle Govilivinunasaunmeesandndeiuiionadld (@Wns 91anedns uag

o w

AUBNA, 2566, U.117) NdayauuInansiavinndaasunsugniiuasugianddnues dninauasegiansnyms

<
1l

(2565, 14.126) 'W“U’hﬂ%mmmamﬁmﬁaﬂuﬁwﬂwé’qamLa?iwialﬂuﬂizmﬂlwaagm 3.5 fusiels Wesudutlaade 29.5
Wosidud TuriiUinamandn wazannmuandnnudnuusdsytusvesiudsviaiugsvees 9 seyly el
Uinamandnihsiudendsan 4.9 fusiels Wesidudulagean 31 Wesidus (quimealuladansaumauazmsdoms
ASUABINITNEAT, 2566) LLaﬂﬂﬁLﬁu’j’ﬂu‘fjﬂf\;ﬁuLmﬂmﬂiQ’UQﬂﬁuﬁ’lﬂz‘Mé’qé’qmﬁﬁﬁmﬁﬁmﬂﬂﬁﬁmﬁuuazﬂqaﬁmmz
au fedu dgmdunsdanistusestovestudsnddadudesiiardy uasmninumsnslifinsdanisiuasie
Tunlasugnivanzaudusseznannu 1wy msdonltviavesis Usnaumsldleimnzan msuiuugsandinig
MeAmMYesAY wagmsiinBuvEe Tnglufiu Suazinadensiatapiulauaznislvinandn 1wy Srualu S1uaufs usty
T wagnsBavesdduliifivhiians uazaavirodwarouTnuuazauamuandnvesiudmiaiianasiues (Yadd
ouINa warAudue, 2560, u.160) sAfetasfulsslemisgneddunmsmuumenslidofionsusuuzniigeiu
somafiuUinuuazaunwnandnvesiudsndduimingnstnduasluussmaligedu vhlsldindiesdanug
wazinalulaglunsdanisleiifivseavinm famsaidumadenurinessnslunmsdanmsfunas efiduaduninaty
Wulaissinusandn wagaun o fibudutisiudwendslddnmiloa

QUILAIANIINY

dowduidisudvinavesiloBunisiuda Jeseslududngasman (HO) Yoindiomausulssautiives
AuluudasgnifudUends maasyiiuln wagnisazauuIadinmuesiudzva
/ANLUN1IIY

1. Henudwiiianiz

ﬂiﬂaaﬁuuﬁwﬁﬂgmwau(HO) (Chemical and granular organic fertilizer with hormone mixed formula)
vi3e UJo HO e winnssulmidutefinfanuuunaumauiflismesiints 16 519 fedesnsuazsnduly
Uinadliangasninsnaniutandunde arsuiulsiu qaunistidulsslend EM) sesluudunidih asiadund
funnu ansaimayulnslesiulsauazusamarsvdadilineludadeiuudinuaunslanUaessinenmsimiu
Upayanetn namdulsianzitn (1idn Snwi3nsel uazaudun, 2555, 1.19-20)

2. MIINUHLNTNAABY ASITLTUMTITiTmnans (Experimental research) diefinudvisnavesdunid
o {jaaaﬁuuﬁmﬁﬂgmmau (HO) Yeiadl uazdnmmslifungaudensuiuupandivesiuiinasonisiadey
Fuln wasmsavassnatanmvesiudilsnds Tnsnsmaaouadelldiudvendaiusszons 9 finwnanstouign
fusnnluiuiifuiivnagey anuiineassuatign suneiies Jwringasing MU Ineaeuuguluuien
auysal RCBD Wae 9 nssUARY av 4 919 av 1 wlas Useneudenssuisaneg dedl T1 Lailade (Control), T2
{Jedunidiudia (ORG) Sam 50 Alanusiols, T3 YJeduvddiudia (ORG) Shs1 100 Alansusiels, Ta Juseslan
%]mﬁmqmwau 1 (HO-1) 8951 50 Alansusals, T5 ﬂaaaﬁuu%mﬁmjmmau 2 (HO-2) 8m51 100 Alansusisls, T6
Jesesluuiudiagnanan 2 (HO-2) §n 50 Alansusiols, T7 Yesosluuiudingasuan 2 (HO-2) §v91 100 Alaniu
sols, T8 Jewall 15-15-15 (CHEM) 8051 50 Alaniusiols wae T9 Jeiall 15-15-15 (CHEM) 8ms1 100 Alansusials

3. maweuuUamasas Tnsmslonsd 1 (lane) ilevinaneafiuazidaidolsamaiu uazasd 2 (louys)

nsensesUgniudends (Manihot esculenta L) lngdiszezugnssninaunl 120 seninesu 80 Loufluns
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nsmhusazhmawsuiunay Tneudddeimisenihmindousasiaidinualluusesnsnis dmsuadsd 2
sginsladednedmiamdsanugniiudvnds 3 Wou sSnisuaztisaniiinumsnsdenufod wu nsldde
nsfesfutindmgiio uagnsdnmstilagendotirunusssYd

5. mandntsgnssesTuuiudingnsnau(Ho)

miwamﬂaaaﬂuuﬁmﬁmqmwau(HO) Jumsihussng Jaquiuusedngsdiu s1menswan 519e1m1s3ed
sty Jetinmainawlal wareedluuduridihanaalilnevhnsndntusudiadevuauiudnte
feflfumouuaznszuIumanan (nIdnA Bumuu, 2555) il

5.1 gasisansiasyiule (HO-1) nedsilogns 46-0-0 $opar 30 ansUsuUTIgsRusonas 30 uss1m
$ova 30 wndeusiedetninmanavauazsesuudurisihanualifenay 10 lnethutnudaYaniame
dhnszurunsiudianuded 3

'
U+

5.2 gASLSINANER (HO-2) Taduans 15-15-15 Sawaz 30 ansusulsaineusasas 30 uisnieuay 30

snudndiurasusargasuiaioumeloin@innaniawlaiazsesluuduniduiainualidfesas 10 Ineuminudy

ihanitaadinszuunmstiudaauded

5.3 dudngeslulute 1 vdo 2 wmsudesesluudunidihuunuiiudndnafudduiudalaela
qasmownsviansuuduiiaudafaliu

5.4 dudlatpseslulude 3 ymsudesesluudunidihdnedudiuiudelne Tanusuugsanudy
nanLdusnsvasiuuudundReau s

5.5 vudiatssesluvlude 4 sedeussmsmusumavanUaossnemnsudaiilundsuuaududa
dieldaduiudunsguienauituudaisanliuss

5.6 iipseslindudaiuiududieiosdanonuuaudivssldgmanain Tnefiussamaesinghu
wazdndulasdosazvosininifieldlumsdndssesuuiusagnanauro) s 2 gus Fwmse 1

a1319 1 IngAuwardiulsznavveslegesiuutudingnswau(HO)

Jogosluuiusingnsuan HO-1 30 - 30 30 5 5 100
{pzosluuiusiagnsnan HO-2 - 30 30 30 5 5 100
NUBLIAG A = Joiallgns 46 - 0 - 0

B = Jeinilgns 15 - 15 - 15
C = a1sUTulseUngeau uasnelensindunsdanmnings
D = WeUIUTENBUMIY 519D INITT09 UAYSIND NI
E = Jethdanmanieyla

F = Jegosluudunidinanualsl

6. msUuiindaya
6.1 annwindenusnaulanignananinsaenaguneiiles Jwmingasing nsuasiesine lown
gaunilasaniade aumvaiidngaade Usinansuede wasuTinaniruatvasay
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6.2 aulRvesAuUsyMsenouRaE M InAae s NTATETTe s SUWRINTIRY (NaTiAT 129t
A, 2540) laun Usanasimenmsiy laud Tulnsiau 1ae3s Micro-Kjeldahl method weanesa g5 Bray. Il uaz
Inuvaen wra@eoy uundifeuiiuzdu wan wazuusnila Ing?s Atomic absorption spectrophotometry (AAS)
Judiu audfinienenin ldun annumunudusiy (BD) Aaumusay (E) LLasmma;mm%uaum (FO) 1Judu uay
autimand lown Bunsedngludiu (OM) amndunsnse (pH) wazansiailuiv (EC) Wusu

6.3 andAvestounssznsluleililunismeass liud lulasiau 1ne38 Micro-Kjedahl method
Weanasa 1ngds Bray. Il Tnunai@ey waa@ey wunii@es fuvdu wan e dengd wavwuania lng3s Atomic
absorption spectrophotometry (AAS) way luseu 1agds In house method based on DOA 2/2552 uag
Bun3eing 1ne35 Walkley and black method 1dusiu

6.4 MIASYALIALAaTANNNANER liuA AINEY WAL YWIANTINY A1Adeluresiy
dzvidaiiong 180 Tu AewhmaiAuiiemanaslneliaies SPAD 502 v‘hﬂWﬁﬂuéwamlﬂwﬁﬂuﬁaéﬁausamm
adunazyiinisades MsnisazaunaTanm (Biomass) iumumm vawusiudUsndteny 8 e lae3snis
wendruuazthluindeuandouiigumil 80 ssrniwaldea qunithmdnudieunsd washanfuauninaTanin
(Biomass)

6.5 N15ATILINETH Insiiasiendeyan1eatilagldis Analysis of variance (ANOVA)
Wisuieuaauansnsuesradelngds Duncan’s new multiple range test (DMRT) fisssuaanuidiesiu 95 wWofidus

NAN1533Y

1. wasuawﬁmLLazé’msﬂ%aaﬂﬂﬁum‘s‘éﬁuLﬁﬂ ﬂaaaﬁmuﬁmﬁﬂgmwam (HO) wazdaialisian1susulse
dudfveshuluwdasugndiudruzuds anmwindeuuinnulasUgnainanningiseinia suneiiles Jwmingasingd
wuiguugiivasivihmsveass gumaiaeaniade 3¢ ssmwaldea guvnimanads 24 ssmwaiioa Usuna
theluiade 7.78 Sofwnsiotu Yinanivluedeasau 1,365 fafiuns InggaumiiusnuuUamaass uazU3unu
ihelulsiflguassadenaasayfulaesiy iosmntudisndadufiviinuudslia audhivesiudeunmeans nui
doruduAusiudunseuds Silt loam) Tnefloymansedosas 20-50 oynanouthiosas 85-90 uazayan
fumilenosay 60-100 lngAunounmeass fUfinuswlulnsiauiinyzsilasTs Micro-Kjedahl method SU3ausi
(N 100 Sadnsusianlaniy) swgleanesaiinseilagds Bray. Il HUSuagan (3,200 Hadnsusienlaniy) uazsm
Tnunadeniinesilags AAS fUagenn (300 Sadn3usioRlansu) SuvSeingseiudiann (OM 0.23 wesldus)
Aansdunsadnssyaiunsadntes (pH 6.3) Ansiilndhludusssufutesann (EC 0.56 Jaadimusdeimufiuns)
AMNUMUILUUVRIFUTEAUEN (Bd 1.45 nSusegnuiAnlaufuns) ArAmnunguvesiiuseaulesun (E 26.58
Wosidusd) Aarugarnufumeaunusyiuim (FC 22.19 wWedidus) (msne 2) audhvesiuvdinismaaesmui sefu
swpnvdnlufuduTinagsulunnnesas snidu T1 (muew) Tasewigswlulasou (V) Suinagegalu T7
(12,600 fiadnusioflansy) swneanesa (P) dusuiageaalu T5 (19,800 fiadinTusieflansy) uarsglnunaiges
(K) TU3anagsanly T7 (20,700 fadn3usioRlansu) luvasiivinusinensses (Ca, Mg, S) wavs1no1msiasy
UUsEns (Fe, Mn) Tufiu wuinfiugedulunssdBiadngld Jo HO-1, o HO-2 waellpBuniddudianugiiy
Usanauduvie ngiftstugean T3 (0.93 wWosidud) Indifssiu T7 (0.89 wWasdus) uaz T5 (0.85 wWesibus) Ay
Junsasnsvesfunudy T1-T7 sglussaudunsadnteos (Slightly acid) pH 6.0-6.5 unndainnslddewadl T8-T9
Filanmuespuiiuunltindunsesnniy 6‘75%@@&%@9541145361%%@15@ (Strongly Acid) pH 5.1-5.5 a1nsunluin
lufiu (Electric conductivity) luitfoRusuuumasutmuimnnssuiBeglussiudaniunat 0.81-1.60 fadduusd
powuRng flnansenudensiasaivlnvesdudusmas manuuLUuTIneesiy (Bulk density) Baan1smaass
WU T2-T7 Swaviliinanunuiudusinvesivanas egluseau 1.24-1.32 niuseanuiAfiwufiuns uandlii
SudloRudiiamumuutusiuvesiuanas fagviliiuiianungunnty WenSsuileunnugeutiunieaun
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(Field CapaC|ty) luRundsnsmaaes wuin T7 (26.75 Wesidus) uay T5 (26.40 LU’eJiL‘U‘L!G]) dm31 100 Alansusiols
frnArugautuansganiineunsnaes wasvdsnimeasdunng N3 See (FO) awannsntsuonldd
Usnaunsgaduiniiosnnlasaiaiuldsumausudsdiiamunutuanas uasiirmudiusniulsznauiy
Sundeingiifaniflunisgaduiuagsmesléinioyniafuiiinainfiusasus shlsfimiduassmeims
Tudululdldesnsdivsyavsam shlvfuinnugauauysallnesimiuiu (1131e 2) audFvesdeildlunsmaass
naMTiAs1zide wuidefiiiuiunasinemsvan (N P K) saugegereloiniigns 15-15-15 534 450,000 dadn3u
seRlaniu (T8, T9) uslinusigemssesuazsmenaiaiy sgnlsimudefinnsanemslunguvesiosesly
%mﬁmqmwam (HO) udwnudn HO-2 fis1me1vInan (148,100 Tadniusenlansy) 51919115704 (44,200 Tadnsu
soflansu) uassmenaLasy (690 fadnsuserlaniy) ugeanildlunssds (6, T7) Tuvneiteduvistude
(T2, T3) ffBinasinemsndn s1memnsses uazsnevnaadilusedudiiniide HO-1 uaxls HO-2 udfiwudnd
Uinaidunieinggegn 5.3 Wosidud Fegeninde HO-1 uazdls HO-2 mddu (s1s 3)

15149 2 aUURVDIAUNBULATARINITNAAD

519 IMNTUAN

Total N un/nn. - 100 - 1,000 2,200 11,200 11,100 12,000 12,600 11,900 14,200

Available P un./An. 3,200 1,500 2,000 2,100 14,400 19,800 11,600 12,400 11,500 12,700

Exchange K un./an. 300 100 2,300 6,900 10,200 19,800 13,500 20,700 14,700 16,800

17BN

Exchange Ca  un./nn. 650 300 950 1,760 2,330 2,220 1,790 2,270 440 420

Exchange Mg un./nn. 1,240 1,740 2,460 2,950 3,350 4,210 2,780 4,810 1,240 1,350

Available S un/nn. 120 10 110 930 450 770 230 990 110 410

CRGRRVARTEH
Fe un./nn. 70 60 190 260 190 260 180 320 70 80
Mn un./nn. - 520 590 690 1,110 1,560 1,350 1,200 1,910 1,070 1,380
514%%85'(51@} (%) 023 028 084 097 065 072 067 075 027 0.28
Audunsnma 6.3 6.6 6.5 6.6 6.5 6.5 6.5 6.5 5.8 57
nsi i (ms/cm) 056 033 083 103 133 1.54 141 1.63 1.33 1.35

AMUNUILUUTIY (N./

1.45 144 1.28 1.25 1.32 1.30 1.26 1.24 1.40 1.42
Au.9U.)

AUNTUY (%) 26.58 26.09 34.45 3506 3805 3950 39.15 4150 2845 28.55

ﬂﬂﬁﬂu%UﬂﬂﬂﬁUWN (%) 2219 2215 2315 2390 2515 2640 2554 2675 2265 22.63

RUNBLNR un/nn. = dadnsusiedlaniy
% = Wosidus
ms/cm = dadTuddDITuRLInS

n/aua. = nfudegnuiAiiufiang
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M1919 3 audiuiavsemsvesdeiildlunismaaes

N un./nn. Micro Kjedahl Method 24,300 25,500 26,500 150,000

. P un./nn. Bray. Il 16,500 14,400 16,200 150,000
5190 1M1TUAN
K an./nn. AAS. 19,800 102,900 105,400 150,000
Total un./nn. - 60,600 142,800 148,100 450,000
Ca un./nn. AAS. 1,200 19,900 21,400 -
Mg un./nn. AAS. 3,400 11,100 13,600 -
CRGRRVARRRR
S un./nn. AAS. 24,500 7,500 9,200 -
Total un./nn. - 29,100 38,500 44,200
Fe an./nn. AAS. 200 140 180 -
Cu un./nn. AAS. 50 40 50 -
swenasy  Zn un/nn. AAS. 150 140 160 -
(Un9wiln) Mn  un/nn. AAS. 90 250 270 -
B un./nn. AAS. 50 30 30 -
Total un./nn. - 540 600 690
duviseing; OM (%) Walkley Black Method 5.3 1.13 1.20 -
MBI un./nn. = faansusenlandy, % = Wesidud

2. wan1sAnednsnavasrlinuazdnsvasleduniddudin Jesasluududingnsuan (HO) uaz Jandl
AaN19L93EALLA wazMsaTANNIaTINNYasTud UMY nan1ssRulaiuAugasiud e natluga 1-2

a '

Wweuwsnlifinuuandaiuneada widledudilzndeeny 3-6 Weu wuin Tanuusananeiunisadfiuedi

= o o

wudn lnenssudsndanugunniantududilendany 6 o laun T6 wafe 290.1 wuRuns unneneiu

q
s o

g ailifedAyBaneadai 99 wWedidud funssuAsdun (s 4) fusundduvesiudznddlugag 1 Wouusn
Tiflanuuandnafunneada udidleey 2-6 1w wuh fanuwendafumsedftuegnadutalaonssfivundiu
wniigelusiudendseny 6 Weu éiun T5 1ads 4.5 wuRins windafuegnsditioddnBanaada 99 Wesidud fu
N35ABRUY (1314 5) Fuvuamssvismesiudenddlut 1-2 Wouwsnlifeuusanmeiunaada uwisleeny 2-6
Wou wuh fanuwsndafumsedftusgnasutalaonsafifvunmmsmnnigeluiudsndseny 6 wou laun
T5 @AY 163.6 wufwss wansafuegndifodfyBmnaadn 99 Wesdud funssudsdug (s 6) manuidesly
La?iama“lu‘zmmq 180 Tundaugn wuiﬁﬂiiﬁ%‘ﬁﬁmmmL%ﬂuuﬂﬂﬁqmlﬁm T5, T7, T8, T4, T6 uaz T9 siiaAade
52.2,51.4, 51.3, 51.2, 51.0 waz 50.9 Unit AUaI9U LaNANAUNTSNID T3, T1 way T2 ﬁuasmﬁﬂfaﬁﬁaﬁmwaﬁﬁ
7l 99 Wodidud (313 7) MsmsazausIaTInm (Biomass) 81g 8 Lfiou WuIWNNIRAsTIMsAvaLanaTIn M
Tudau ddu As Tu 90 uay AMulusnniiganudidu nsadsitnsasamnatinmludduinniian 3 Susfuusn e
T1, T6 uae T4 &ahi 82.7, 73.5 uae 69.5 Wosdus musey Iuﬁqmﬂﬂﬁqm 3 Suduusn T8uA T7, T5 wag T9 &adi 54.3,
47.9 way 47.9 Wosdud mudsu Iuiuu'mﬁqﬂ 3 Susfuusn TR T2, T1 way TO &l 45.1, 44.8 uay 44.1 Weddus
gty Tusnanndian 3 Suduusn 18w T5, T7 waw Ta il way msazaunaTanwlufnluinndian 3 Susuusn
4R T5, T8, T3 uay T1 sfadi 34.3, 32,9, 30.0 way 30.0 Wesdus muddu (e 8)
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T1 Control 18.8b 51.4b  102.4de 165.1e 170.1e 173.6e
T2 ORG 8n31 50 Alansumals 20.7ab 52.8ab 117.3cde 264.7b 269.7b  273.2b
T3 ORG 8n1 100 Alansusals 248ab 50.8a 1232cd 2386c 243.6c  247.1c
T4 HO-1 8ms1 50 Alansusels 26.0a 60.5ab 114.6cde 169.2e 1742e  177.7e
T5 HO-1 8ms1 100 Alansumsls 23.6ab 65.4a  1258cd 260.0b 265.0b  268.5b
T6 HO-2 9ns1 50 Alansusiels 237ab 533ab 138.4bc 281.6a 286.6a  290.1a
T7 HO-2 831 100 Alansusels 24.8ab 482b  937e  181.5d 188.0d  191.0d
T8 CHEM 8m31 50 Alansumals 223ab 57.4ab  1718a 267.4b 2724b  2759b
T9 CHEM 851 100 Alansusels 23.1ab 60.3ab  158.5ab  230.2c 235.2c  238.7c
F — Test ns ns *x *x *x *x
CV (Wosidus) 2830 2612 2540 516  5.01 4.93

VUYL

f8nws a, b, ¢, ... Iensfuluwwaansfiauuansiunnsatn (p < 0.05) Ing@onus a %ﬁﬁmamﬁﬁmmnﬁqﬂ
LLaxléénﬁuﬁaa"ﬂwslﬂauﬁaLamﬁﬁmﬁaaﬁqm,

fasnusimiulilusas F-Test fmnumneluusasaedung feil

ns = llunananeiuni9aana,

* = upnased1dided Ay dmsanang

U

A58 5 NMSLA3YLAUIANIIUTUINEIFY

19

aanderiu (p <0.01)

T1 Control 0.6 0.8b 1.5¢cd 2.4bc 2.8d 3.4d
T2 ORG 8n1 50 Alansusiols 06  09b  1l6bcd 24bc  2.8d 3.5¢d
T3 ORG 8m31 100 Alansusals 0.6 0.9b 1.6cd  25bc  3.0cd 3.9b
Td HO-1 8ms1 50 Alansusels 0.6 0.9b 1.4d 20d  3.0cd 3.9b
T5 HO-1 831 100 Alansusels 0.6 0.9b 1.7bc  26ab  3.2a 4.5a
T6 HO-2 831 50 Alansumsls 0.3 1.2a 18ab  27ab  3.4b 3.4d
T7 HO-2 831 100 Alansusels 05 10ab  1.7bc  22cd  24e 2.7e
T8 CHEM &m31 50 Alansusels 0.4  1.0ab 2.0a 27ab  3.4b 3.8bc
T9 CHEM 8m31 100 Alaniusels 05  1.0ab 2.0a 29a  3.8bc 3.4d
F _ Test ns x xx xx xx xx

Qv (Wesidus) 52,66  29.32 14.4 1583  12.74 10.85

NUBLAR

fdnws a, b, ¢, ... MsiulunwIalansIdinuuane1eiuneEda (p < 0.05) laesnys a aeMiuaridiauniign
uagladiuisnuslvauiaavifiadesiige,

v v Ao o a ' v ¢ o &

Fonwsiaduliluwad F-Test Sanuvanglunsazaodun fall

ns = luanenefuni9ana,

* = upnsnafuegedtdAynIvadAnssAUANTaLY (p < 0.05),

19

* = upnasegedited Ay Bamsanansgauauiienu (p < 0.01)
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T1 Control 196 625 82.3b  100.3g 103.3g  105.3g
T2 ORG 8n%1 50 Alansusiels 167  51.8  86.lab  108.0fg 111.0f 114.0f
T3 ORG 81 100 Alansusals 188 545  923ab 119.6de 122.6de  125.6de
T4 HO-1 9ms1 50 Alansusels 19.2 487 80.1b  115.5ef 118.5ef  121.5ef
T5 HO-1 8ms1 100 Alansumsls 19.6 505 92.4ab  157.6a 160.6a 163.6a
T6 HO-2 6,31 50 Alansumals 21.6 619 97.8ab  144.8b 147.8b  151.8b
T7 HO-2 831 100 Alansusels 168 434 79.1b  128.1c 133.1c 136.1c
T8 CHEM 8m31 50 Alansumals 187  54.3 88.0ab  123.7cd 126.7cd  129.7ab
T9 CHEM 851 100 Alansusels 187 547 90.5ab  127.8c  130.8c 133.8c
F — Test ns ns * *x *x *x
QV (Wasldus) 2691 3323  16.60 765  7.46 7.29
UYLA f8nws a, b, ¢, . fieiulunnduansindianuuandnstunnsadn (p < 0.05) lng@onus a %ﬁwﬁmamﬁﬁmmﬂﬁqﬂ

uwarladdudsnusluaufuaviiiantosian,

Y So o = ' v ¢ oo X
fsnusniiuliluund F-Test fianuvsneluwdasaodng fil
ns = lduananeiunieana,

* = uansnsiuegsiidedAgnisedanissAaunnudiedu (p < 0.05),
* = upneinsegslituddgydmeadffissAuaudeiu (p < 0.01)

A1919 7 AR (Chlorophylls for Leaf SPAD)

T1 Control 46.7b
T2 ORG 8n31 50 Alansumals 46.6b
T3 ORG 8m51 100 Alansusels 47.9b
T4 HO-1 9ms1 50 Alansusels 51.2a
T5 HO-1 8m31 100 Alansusiels 52.2a
T6 HO-2 9ns1 50 Alansusels 51.0a
T7 HO-2 &m31 100 Alansusials 51.4a
T8 CHEM 8931 50 Alansumals 51.3a
T9 CHEM 8%51 100 Alansusels 50.9a
F — Test *x
CV (Wostdus) 8.50
WAYLA f18nes a, b, ¢, Aianarulunuassuanaindauuananatun1san i (p < 0.05) lagd1ones a Azniy

PP a 1o o o o = Aa 1 Y a
waiifianniian uwazladsufdnusilautuavifidniosiian,
fhonwsnniuliluna F-Test finnununeluinazaodul fail
ns = hiwanENeiun19Ene,

* = upnasededided Ay Bamsananszauauiieny (p < 0.01)
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M1919 8 MsMsarauNIaTINMYeiudUsvdieny 8 o

T1 Control 44.8 30.0 34.8 82.7 275
T2 ORG 8n%1 50 Alansusiols 45.1 27.9 36.7 59.0 29.3
T3 ORG 8m31 100 Alansusiols 34.8 30.0 43.7 57.2 31.8
T4 HO-1 6931 50 Alansumals 38.4 24.9 46.6 69.5 33.8
T5 HO-1 8051 100 Alansumals 30.9 34.3 47.9 52.0 34.5
T6 HO-2 6m31 50 Alansumals 353 26.6 45.2 73.5 322
T7 HO-2 831 100 Alansusels 31.1 26.9 54.3 56.8 34.3
T8 CHEM 831 50 Alansussls 29.5 32.9 41.1 59.5 31.2
T9 CHEM 6»31 100 Alansusiols 44.1 24.3 47.9 47.0 31.9
L ek s ome w2 @9 ms
2AUTIINANITIVY

1. SnswavesdedansusuussauiAvashuluulasgniiudiusnds anmundeuuinaulacgnlidy
guasIAfaNITNAaLY dlesanifudusvindufiviududeinistiuady uasnusoanmeneudmioanin
LLﬂa&UQﬂﬁmﬁaﬁmuLﬁmasjmﬁmiﬁmué’wi’mqmﬁmﬁ (audnwal 99ieag, 2551) AuneuMIaaeiieAududu
3 Vunsieuts Snnugeuauysaiin fundinsmaaesdinugauauysaifistu suitlunguesds HO Ui
swnvdn (N P K) teenideniuigenitedunisiuda edrlsfimuls HO SUsmnameswsinomssonady
olussiumnzanuazasuiunidond Wusinensidulszquan ldun Fe, Zn way Mn Wudu (@Avszmn
aoundy, 2563) ieldls HO adllufuhlvfuivsinadunieTaguiuty Weuwhdunmslidedunsddudasng
100 Alanusiels Faudnslileduniddudinasivsinburieingiigeiniite HO fnu uiUSinasinoimamdn
50 WNII0Y warsnpIMsasLeglussdudinitle HO Ssflesdusenausnandunietng uaztmiindanin
fiflgAun3dfidudselon] Teheduadudszavsnmues Yannunaaniideldadulufuasinarilidafudui
1Y (Aggregation) Iﬂiaa%qﬁulﬁ%'umiﬂ%’wiﬂﬁﬁﬁ'ﬁu (g st wasgfidnA Bunuu, 2559, u.273) Tuvay
WWearunslie HO finasienisidsunvasant@meiuaiiliun pH uay EC Iegluseduimunzaude
nsisaiulnuarlnandmsiudiznds SnnaviildautRimedunenm Wy ArumuLiueesiu (BD) anasain
1.45 nSudegnuiAniguiiuns aglusening 1.24-1.32 nFusegnuiailgufluns AUNTuYessu (E) diuann 26.58
wWosidus 1u 34.45-41.50 Wedidud Snitailuwliliau fanuannsolumsdudhifisduslude fuiamng
flonsiasaAule uaznsveesInvesiudUsva mﬂwamimaaammsaﬂa'niéw"dmWﬂ%{jaaaﬂmuﬁmﬁmqmwam
HO-1 uaw HO-2 091 50-100 Alan3usiols Prerfiusimevnsudn so9 a3y luAmdusuiuann Snvedaflaudiidu

L

oavanetn G gusiu wosgddnd Bunuu, 2559, 1.267) Bniismemsiiulssloviuifvuuuaunaognislu
daleUszneusesimensisiduiensiatqdvlavesiiy ﬁwgmmsméwﬁ%ﬁaaq UanUdegaanuneg1aiig
ﬁwmmﬁaa&uﬂuaumaﬂdﬂuﬁuﬁﬁﬂ'ﬁi‘fj’ﬂaLﬂﬁ (GATsal aefer wazaudus, 2561, 1.200) Svenananiléd
msldde HO awnsausuupautRvesiulukivesmugauanysalluwUasgniiudenaslafniinslddedunie
e uoelloind authvesiefldlumsmaasmanisTiaseside wut Jefifiuiinasigeimsudn (N P K) Tagean
Fotoiafigns 15-15-15 33w 45 wWosidust (T8,T9) udlimusinoimszes uassmemaasy Sniauivesiaii

UanUgessmemmasiaiilismenmsaydelunniulaneninisléile HO Gamssa enefer uasAudue), 2561, 1.202)
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oghdlsfnudlefinsunamslunduuasosesuutiudngesuan (HO) udmui fismemnavdn (14.81 wWosidus)
517015304 (4.42 Wosdud) wagsmemsiai (0.069 Wedldud) sugegalu HO-2 (T6,T7) Tuvneiiteduvae
dudia (r2,13) TUSUUEINOMIIUAN 519D MTTRN LLazama’mm,a%usluizé’w‘hﬂ’j’lﬂa HO-1 wagle HO-2 usifl
wuh ST unEeTnggean 5.3 Wedldud Fegendnde HO-1 uazls HO-2 gnslsfinuidiefinsanmauingUszasd
wuh msldesesluuiiudngranan HO-1 grsissniaidyiiuln Shs1 100 Alandudels wardesesluuiiuge
gnINan HO-2 ansisanandn 851 100 Alandusiols Trasienisusuusandfvesiuniariuall uaeiunenInees
Auldfindnsliewndt warlloBunisdudalunng sensiiddy

2. BnswaveslyriansiasyAuln uazn1sasaNNIatInwvesiudIUsnds dunsesyiule wud
nslite HO-1 §asn 100 Alansusiels dnasiomsisayiulavesiudsndsdnigelususuinddu (4.5 wufiums)
YUANTIL (163 Iwufiang) uazanandealuvessiudUzvda (52.2 Unit) unnssiuegiedifoddnyBamsaing
99 Wesldud (eunnsd $1U1 waginel m3lawnd, 2561, u.58) erananlaan nstasgivlameiudduluyes
Fushuduendanlasulelursengiiinmsiadydule szoy 1-4 Fouusn JadutisszozMiFondn Exponential Phase
Dusveriifeidnsnsedyivlnfiutusgiesnds (ntanon et al, 2017) imsglugrifedaudonisld
smenIndn o9 13y Tltlunszuiunsaisnsidydulafigann Jsaeandesiutiinusinovislunguves
ﬂﬂaaﬂuuﬁmﬁmqmwauﬁﬁum wazasuiy Tuvaziiloiniifsmemmsndnifisseeafien LLaﬂuﬂ&@uﬁéﬁuLﬁm
fiUsusinemslusgiue Alidifisamedenisiadgavlndausdazldluduumniay nsi T5 uandwa
nmaasyiAulneenindfian esnidugnsie HO-1 findmtunienevaussdemsiesaiviavesiindiosiuszneu
yosrauInTsmemsgdlugnstogeninds HO-2 vhlifuduzvddlasusmenmsesasuiu Inslamesig N P K
Alnwannauaziisamesienisiayduls Lﬁaﬁuﬁ’lﬂwé’ﬂé’ﬁ’US’mmM’ﬁméﬂﬁ%v‘iﬂﬁﬁwaﬁiamiLLﬂdLsuaému&n’J
LazmIsTBIEIATNTASINAenndaIty rlumaiFuinuBaietestunisai el uasdumesd i uazdae
Wsunavesdidu wagisudundsliiduogned (vindwad Jonusndl, 2560) Tuvaiedl T8 uax T9 msliduiadl
ans 15-15-15 MandAidudeararniss shliisslnumadeuazaroonuiswsegndeluaniuldie Wedseny
vosifudzvdsiigesnmmilulflunsazanutsiiong 180 utuly shlvfnlalannsmilulflunsaiydulouas
azanilunandniisfuddzndslafninnslétes HO uaznuindrm Tty (Chlorophylls for leaf fiflnaannu3unal
ﬁwﬂuimLﬁmﬁﬁmmﬁwﬁwiaé’mﬁmié’dLm’lzﬁﬁwum damafansduanvinasusnauinlusasmieiliae
msafmfwLLagﬁmmmﬂuauuﬂ%’lﬁmﬁu (Intanon, 2013, p.16) yhlvuduzvdsinseiadulaiidlunng fu
sdndnslidedunid Joiadl uaznslilladonuddiu nsnsazausnadanm Biomass) 81y 8 Loy wui
nnnssAstinsavassnatannludau i fs lu 30 waziuluinniigamudiu lesndnsiedeudiouduas
thamaandiuste wu Tu fuly wardduvesiudevddudsnnidony 180-300 Su ndagn arsommsiild
MNNTEUIUMIHIATITALAIgRLIsnsEAuLardsnd AUl azaluuTnasn W ldui (Tuben) vilv
yuaveswiiiivunalvgdu Turaesiluuivesiuduendsiaitu adu wazdune Snsavavvesdniuinniu
(Audnwal 9919Az, 2551, W.31) SnTINSRTYAULAAIU AINES unddumd uisuauluanadldfinisiaminis
susunludemntudsndsdinsavauuiuazinaliiusnusn (51"4&JLmﬁ%qmmdwﬂﬁdﬂumaﬁ%‘muqu
(T1) Feflmsazansnatinmludviunniian wandifuindlefivlilisusmenms M%@”Lé’%’umammﬂaiLﬁmwaﬁ'?u
f\)w‘iﬂﬁﬁﬁuﬁﬂ’lsasamjm%am@mmimﬂﬁﬂudau(ﬁhqs] yosddu touninssudsalasuleviadinag Taeilevd
#a 9 vosfimmhnseuwidliindormutu (vouva) Aqudeiduiiniliivefiduivonnatanm (vemud)
ganinsssaun lurasiiiudendiony 8 Wou anhsmowmsiitegesisinlulilunssuiunsavauuiuasin
fdusn () navilidnuasmemenmassiufudenderilallasuipidnuae & duse Tuunndnuasuaszuniu
dlemninsarauvesdniunnningsyisoug egnlsfnudefinsanluduiitiusn (Root) Aivaunludui (Tuben)
Tneunfudasiudsndnriinsarautiuassmomsegmeluduiidui ddveava 60-65 Wosius wawdniidy
psuddludauuesn T waen wasilouth (Starch) 30-35 wWeddus (uayimi Ussnumnd, 2553, u.21) fiodinsigi
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24‘
e wluduiiduhifudwends 01y 8 Weu wuhnislitesesluutiudegrsnan (HO-1 uax HO-2) 7idns
100 Alansusials T5 (34.5 Wosidus) waz T7 (34.3 wWoesidus) fnaviliduduzndlinsazanunatininmse
Wosidusiutla (Starch) ludgeftan uasininisléleind Jedunisiudia ludns 50 Alansudels oswniduiu
udunseuts %ddwGiamigzgl,?mﬁmmmiﬁ% ilvinisldde HO ﬁﬁmimﬁaumiﬁmuqumiasaw AInane
watinwseresidudutls (Starch) vesfudznddusrazendlenSouifiouiulead

d9Unan1339e uasdaiauaunus

d3Unan1sIde

nsldeseslintiudingnsman HO-1 uar HO-2 Sas1 100 Alansusiels TnasonsUsuUgsauTRF AT
oun s1meNsiY W P, K, Ca, Mg, S, Fe uaz Mn snudiau uvseng wavanudunsaang (pH) {Wudu waz
AUNENNYBIAL LA AUVWILLLTIY (BD) AUNTUTI (E) LLazmmqm’m%uaum (FO) 18udiu Fadindnnnsla

a

gdun3dludn uwasdewnll 78031 50-100 Alansusiols muddunsldeesiuududngnsuan (HO) dunavinly

e LCot

A Uenaalin SIS aRulan i UULIAEIAY YUIANTINN wazA1ANeLly Lagﬁlqﬁ?jfﬂ annsidlend wae
Jeduvidiuda luvmeiinsldtondans 15-15-15 Sas1 100 Alandudeld Tuavilinisavaunadinmly
dudsznausneg vesludendseny 8 Wou fimsavausnadinwiludiu dwu As Tu 590 wae Aulusnndiga
ANAIAY mﬁﬁﬂamﬁLLﬁmwaﬁwuﬂﬂiasauma?ﬂﬂ’lwﬁmé’wﬁwaﬂuaaﬂmﬁﬁqm Hesniiflausivanudes
swpnsuniiglasimdwibiinihsmemnsividlunmsavanmatinmlududinanldegsmnsuariivssadnsam
Hnavhliineasnsleuldiuedrsunsvanamnziuludalsyind 1u6um517iﬂ8 HO L“‘ﬁluﬂ&lﬁazaw%’ﬂ LAZADY
Uasdossmemsliuniivdsaonadosiuaaudeluiifidiadeguaelunslils HO fisns1 100 Alansusiols
Jovhliiudwendnisinemisiesq Uandassesnuiluiululdliiuszeznaiuunin wasifivameluyieid
msnauvessnluduim Sudynd

ogslsfinny mnfinsanluduiduinsfudznds (Tuber) o1y 8 oy wietanounsiiuifyinanin
nslipeosluutiudagnanay HO-1 grssniaidyifulndas 100 Alandusiols uaztssesluuiudiagnsuan
HO-2 ansisananandnsn 100 Alansusiols fuavhldnsazauminuieduiitudends (osdusutl) g9an 34.5
uay 34.3 Wesldud muddiu Fsiinimslélesiindun Tnsidaiausuuzmstnansidelulivsslont wasmside
adasaly oai

Farduawuzlunistimanisiveluldusslev

1. inwasnsannsaldde HO L'ﬁlﬁ)LﬂuLLu’mﬂﬂumiﬂ%Uﬂﬁqﬁﬂﬁiﬁauﬁaﬂ’]i‘UQﬂﬁuﬁ’l‘ﬂ%ﬂﬁﬂﬁaﬂ?ﬂﬁﬂi%?ﬂn%ﬂ’l‘w

2. wamsAnnihfufissdumineinsife feiuaannslie HO duwltmhlideyaduesuszneu
N WazAMNNHARAT U STIENSTid Ay AnInslideiad LLasﬂaauﬁéﬁuLﬁﬂ wazaananyazUszaniuguoiu
dsmdaiugsvees 9 finsuinmsinunsseyliedisdaion

Forauauuzlunsisendely

1. miwmaauﬂEJaaﬁmuﬁuLﬁmjmmamﬁaLﬁuﬁmm LLaz@mm‘wwawamiﬁquﬁuﬁuﬂuﬁwﬂwé’nﬂ’uﬁ:éuﬂ
fileugnunnludwingnsind

2. mslilpmosluniudngrnansiniunslieduridiousuupsausinenisnmuesiulivmnause
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ABSTRACT

The objective of this research was to predict the sleep quality with cardiovascular risk factors within
the next 10 years among hypertension patients at Nanglae Health Promotion Sub-district Hospital in Chiang
Rai Province. The study population consisted of 152 subjects who were high blood pressure patients. Data
were collected through a general information questionnaire and a questionnaire on cardiovascular risk factors
within the next 10 years. The sleep quality was analyzed using the Pittsburgh Sleep Quality Index (PSQI).
Data analysis was conducted using descriptive statistics, Spearman rank correlation, and enter logistic regression
to predict the sleep quality with cardiovascular risk factors within the next 10 years. The research indicated
that the majority of the sample had poor sleep quality (75.7%). Cardiovascular risk factors within the next
10 years that significantly influenced sleep quality included age, blood pressure level, smoking, alcohol
consumption, blood sugar level, waist circumference, family history of high blood pressure, and blood lipid
levels. These factors could collectively predict sleep quality in the samples by 15.5% (Nagelkerke R* = 0.155).
Notably, blood lipid levels were a statistically significant predictor of sleep quality (OR = 2.39; 95% Cl = 1.058
- 5.396). In summary, risk factors for heart and blood vessel diseases within the next 10 years could predict
sleep quality, and blood lipid levels were a significant predictor. This data could be valuable for planning

and developing effective sleep quality improvement programs in the community.

Keywords: Predicting factor, Cardiovascular risk factors, Sleep quality, Hypertensiony
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Taofl Y vanefls auamnsuoundy
X1 visngiis g
X2 nneds szeumuiuladin
X3 vanes msguyns
Xa vaneils M
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ABSTRACT

The objectives of this research were to design, test the efficiency, and perform an economic cost
benefit analysis of a solar powered rice milling machine for the community’s rice mill in Krok Phra District
of Nakhon Sawan Province. The research method was conducted to examine the problems of rice milling
process, design the rice milling machine with the structure made of steel with the power source of electric
motor of 1.5 HP. The main components of the machine consisted of rice pickup truck, rice polishing ball,
rice polishing stone, screen sieve, rice husk suction vent with the transmission system installation of a solar
power system of solar cell, inverter and battery. According to the testing for finding the efficiency of milling
3 varieties of rice at the appropriate speed of rotation, and the suitable distance of the rubber ball, it was
found that the appropriate rice milling of RD 41 was at the speed of 1,290 rpm and the distance of 0.9 mm,
that of Chainat 1 at the speed was 1,350 rpm and the distance was 0.9 mm, and that of Hom Pathum Thani
at the speed was 1,200 rpm and the distance was 1.0 mm. The results of the testing on the suitable moisture
of rice for milling revealed that for the variety of RD 41, the moisture was 14%w.b. which gave the whole
grain rice of 0.395 kg. resulting in the efficiency of 62.70%; for the variety of Chainat 1, the moisture was
14%w.b., which gave the whole grain rice of 0.397 kg. resulting in the efficiency was 63.40%; and the variety
of Hom Pathum Thani, the moisture was 13%w.b., which gave the whole grain rice of 0.396 kg. resulting in
the efficiency was 63.50%. The comparison of the energy efficiency of rice milling for 5 hours per day, the
energy consumption was 5.5 units, and the electricity cost 24.31 baht which could save the electricity bills
for 6,344.91 baht. The economic cost benefit analysis found that the payback period was 3.73 years. It was
possible to achieve a reduction of 20.86 ton.CO,. The results of the research would increase the efficiency
of rice milling, reduce the energy costs, and be the guideline for farmers’ decisions to make the appropriate

investment

Keywords: Rice milling machine, Solar energy, Economical value
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Batt Load

x T
VBaﬁx ( %DOD)XEW Batt

erter

dls O D ANLLUALRDT (Ah)

Batt

Load

V. fio laasiuunaod (V)
9%DOD Ao AsEAUNISATEUTEY (40-60%)
o Ao AUsEANEAndunesmes (0.8-0.9)
- fio srznanmsuszaluwsagiu (g
i e = _LIOOKW
12Vx0.6x0.85

Ao MaTInAsIL (W)

= 898.7 Ah

wusLeeINIEeIL YUA 12V, 120Ah 911U 8 N
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3) MMFIVUIAVBILHS DA NTAE
PV

Load

(QCxHX/S
e PV Ao Aasindveddaanaas (W)
fio Andsnuuasilasu/Tu (Ussana 4 Kwh/m2)
Ao ArANgadsveead (Ussanm 0.8)

T N O

Ao ArANgadeLTInNTe (Useunm 0.85)

—

fin AUsEANSNNBUIEIMeS (Ussunad 0.8-0.9)
S fin Aruuasuulan (Uszanu 1 kwh/m2)
PNUU PV = 5,500Wh
(4,000Wh/m?x0.8x0.85x0.85)/1,000Wh/m’
2,378.89W
wnsloaeadleeu aun 280W 11U 9 wre (2,520W)
4) n151VUIA Solar charge controller

- PV
Batt
Batt
il C.. e nszuausey (A)
PV Ao AaeTadleaeas (W)

. Ao Taaviuunmes (V)
MIUU C = 2520w
Bat 222210
12V
Solar charge controller 9 v 12V 250A
5) NNSUIANDUIBIADS
Adalviin 1.1 kw Bunesinesildsu vum 1.5 kW (Usyansniw 0.8-0.9)

NATODNUUUILUUNAINULENDTRTFNSULATDIATI UAAIAININ 3

T

f
EHEH

I
| IEREE

PVATSY  Control Panel/Charge Controler

Batteries

R WS e i S |

@
[+]
o=
o
[+]

=

F—e—t— Invertericharger

AN 3 N9INLUUTEUUNS LA TIRgE M ULATeIEI

™

(8)
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5. NFAATIBAAIUANAMIUATEFAENS
AANNU "(BEP) =" AuvuAsi/(siasdentie-Auuwlsiuseniie) (Umsel) )
szgziaAuny "(PBP) =" sunuadiaasaumy/mlsans (umeed) (10)

WNan15938

1. NAN159NLUULAZNAFDUUTZANTANLATDIET1INA I ULED1ANY

1.1 1AFDIETNINAINULEID AR INLEAIINNTOBALUULALNTNAADU LEAAIAININ 4

2 4 ipTesdinuarnInaaey
1.2 Msnadeun1sataUdeniienanuisiseukazsrasivesgnensfianzay
mManegeuddaiugin nu 41, Feum 1 uazwenunusiid lnemuauanusimenssu

AAURLNTN 35-50 Hz uagsveeriavasgnens 0.8, 0.9 way 1.0 mm Umindriden 1 Alansusensa

A1519 1 namsvadeun1sataUdeniidianusinay szezi1auesgnea iy

nY 41 a3 1,290 0.8 0.37 37
0.9 0.38 38
1.0 0.36 36
Toum 1 45 1,350 0.8 0.33 33
0.9 0.35 35
1.0 0.34 34
RHGHERD! 40 1,200 0.8 0.30 30
0.9 0.31 31

1.0 0.32 32
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101579 1 ﬁhmfmﬁaLLazﬁsazmwmqﬂmqﬁmmzam WU NATY AT 41 AuEaseu 1,290 rpm

a

(MW 43 Hz) uazszazsinaesgnena 0.9 mm ldiad 0.38 Alansy Uszavidna 38% nsddn doum 1 A
30U 1,350 rpm (Aud 45 Hy) wayIzEzi1UeIgnens 0.9 mm ldhady 0.35 Alansu Uss@vdua 35% uaz
5891 vewUnusnll ANuEITEU 1,200 rpm (AR 40 Hz) wazsEazsvesgnens 1.0 mm iy 0.32
Alansu Uszd@ndwa 32%
1.3 mMsnadeurutusndendeussansnmnnsadn
MIndUANNTUI I AendeUsE S nmnNTaT 1 WugU3 N 41, Foumn 1 uasveuunusil

!
nenanugudIden 11%w.b. G 15%w.b. dmiindradien 1 Alandusienss lnenisduiegeusagiugini
dmaaed 1-6 nsvdeu duivanynnszaeuwasliesnd 5 yagu fnm 5

0.45
E ey m trin @ Janedtuazin W unau
0.4
“ah
= 0.35
o
3= 03
e
< p.2s
=
= 0.2
_;5
=
= 015
i
Z2 o1
a
0.05
o
11%Wb 129Wb 13%Wb 1a%Wb 159%Wh
o
AuTuTUaen (%)
(n) Wugdn nv 41
0.45 — -
g B Ty @ 1vn @ datetnuezdr B unau
0.
=
=< 035
=
am 0.
e 0.3
o
< o02s
€
= 0.2
_“E
=
= 015
5
= 01
=
0.05
o

11%%Whb 12%Wb 13%%Wh 14%Whb 15%Wb

ANuBuiUReN (%)

o 1%

(@) Wugdn Feum 1
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0.45
B vy @ din @ Yawthwazdn m unau

=
B

0.35

o
[

0.25

0.15

HaKARILE9INN15E9 (ke)
=
B3

=
-

0.05

11%Whb 12%Whb 13%%Whb 14%Wh 15%Whb

ANTUTTIURDN (%)

@ v

() W venyusndl
AN 5 NSNAFRUANNTUTINIUEENABUTTANSNINNNTEV

a0 5 wuh nsadhadden 1 Alandu Wugdn na 41 ansFudhadden 1a%wb. Titadu 0395
Alansu 4139in 0.087 Alansu Yangdawaes 0.145 Alandu uazunau 0.352 Alansy UseAvEnm 62.70% Wugtina
Foum 1 arwtudaFen 14%w.b. 16417 0397 Alansu d1asin 0.085 Alansu Yaedniuazsn 0.152 Alandu uae
unau 0.343 Alan3u UseAnEnm 63.40% uaziugimveutyusiil avudutiauden 13%w.b. 1641 0396 Alansu
4121 0.088 Alan3u Uanednauar$ 0.151 Alanu uazunav 0.354 Alandy UszAvBam 63.50% anudutiden
soUszAnBnmsAT It uegfulladovasetne Wy siavesiugin nvasviinenmiluansneiy egusng
PAkarAITuTesiAenihivhnmeaey wendnfildannsadng wansdenm 6

(n) T1hu () 919N (A) Yangv1imazsn (3) whau

AN 6 HANARNLHAINN1TETD

1.4 MFIATIERANUNALNLANVDINA I UNRER bevaawsaziauly 1 U
A5IATIERANUVLEANTUNTARAISTUUNS I ULEIDING 198N159189958UUNISNARNNISY
AN A S UNUATIMIAUATEITTA LERIFININ 7
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T T T T T T T T ] 1
Le : Collection Loss (PV-array losses) 0.92 kWh'kWp/iday
Ls : System Loss (inverter, ...) 0.72 kWhikWp/iday
¥1 : Producedeiail energy (inverter output) 370 kWhkWpiday
5 |
&
=
E |
- |
=
= |
=
[
=g I
[
2 |
E
2 1
e
5 |
=
Z |
iz
- |
. |

UM AW HA. W WA D8 A #A DB AR WEH TR
AN 7 HANTITIATITRAMUMLNEANVDINS I UNNAR levaansazmaulu 1 T

N0 7 wuth masieessruumsnanidalaiilasigunsal ¢l 1) undedigad wn 280W 9 uwg
2) Buesines vua 1.5 KW 3) wuames 12V 120Ah 8 an wavesmawanusazipieuly 1 U TneAadslunisudn
Tty 1 u Wiy 3.70 kWh/kWp/day ﬂ'wﬁwé’qmiqmlﬁaLa?{aﬁum‘lsﬁdwwaaﬁlu 1 34 wihdu 0.92 kwh/kWp/day
LLawhﬁﬂé“amsgjzgﬁaLaf?{aﬁﬁuna%maﬁu 1 U Wiy 0.72 kWh/kWp/day fasnisuaanasauliiluseu 1 ¥
Tnelalusunsudnanalandasnu 2,360 kWh/year
1.5 AnuduiussewineauduLasefindiuniaalain
M5RSIIRAIANIT LA ARgAUAA Tl Ve kLN lra L Taa luYI9Ia1 09.00 . 9
17.00 w. Fadunaldinmsvaasinisdin uansianin 8

1400 2400
= 1300 e rufiuniodng 2200
1200
3 = il 2000
Z 1100 .
F 1000 R
=i | . —_
;E 900 1600 2
€ .
= a0 1400 <
o
= To0 1200 &=
2 =
= 600 1000 =
[y . 'ﬂ;
2 500 8 o=
3 a00 "
‘R H00
§ 300
g 200 o
& 0o 200
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a

¢ 95 10 105 11 115 12 125 13 135 14 145 15 155 16 165 17

e (uridnn)

AN 8 ANUFUNUSTEUINIANMULTUBEID ARSI NUANS LA
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NN 8 WU Aanuduuasenfinges Sudulugisaan 09.00 w. LLa“ﬁLLU’ﬂﬁMﬂ'aEJ"] Wi
Usvanal 12.00 u. afianuduasenfindgean Uszanas 1,200 W/m2 aduuaseniindiade 1,049 W/m2 mds
1W17\11aaammmlmm 1,900 W mmlvxlﬁwmawLmaqamammaawmulmuaEJ“I,wzm 10.00 . fia 15.00 u. fiAas
ifiade 1,611 W mwﬂ,‘wLﬂsaqamammmmmummﬂumam 5 $aluadetu mumuaaﬂuﬂsmmmmwu
e iing .

1.6 NMsSsuLiisuUssansnmeundsnuinldlunisddng

A1519 2 KanstUSEUiguUsEANS A neunaanunlglun1sden

1 1.1 1.1 4.86 1 1.1 - -

5 1.1 5.5 24.31 5 1.1 - -
Aanuuaneesnsldngdanuliiilunisidng 5 $lusetu Anduku 24.31 UM
Arauuanaensldndaeulndihlunisidn 5 Slusety szeznan 1 Y Andudu 6,344.91 UM

nUeme #1333 261 Juset snsanlwiih 4.42 vnsientay

2991579 2 WU seuulndn 220 V ieSesdEd e ddaluia 1.1 kw n8917 1 Falus Aty 1.1 e
doarlniin 4.86 U wazn13dT 5 Flus Anvdu 5.5 e wdealii 24.31 U NTAISTUUNEIULAIDARG
TaldeAlENgAUNAIIU A1ANLEANFAINITIENGIY 5 Fluenau Usendaa il 24.31 U wagrnRansan

ANAULANAIIATIINAIU 5 Flugra Ty szagian 1 U (261 Tu) Usendaelnidn 6,344.91 um
1.7 msannsUanUaseineaisuaulaeanlenlunssuiunisadn

ausavilalagirdeyausununmsldndsnulniauiisardudsyansnisvanddesing

v
=]

asuaulnoenlenanmsudaliih winfiu 0.5821 keCO /kWh Fafinsdmnmiiaunis (11) 9 (mslifiendnums
Uszwnalne, 2566)

Amsuanuass CO_ (kgCO2) = Amsldwasnuluiinsel (kwh) x 0.5812 kgCO /kWh (11)

A1519 3 Han1sannisUanUaseinwasuaulaneanlenlunsEuIUNISEL

17 1.1x5%x261=1,435.50 834.31 0.83 3

259 1.1x5x261x25=35,887.50 20,857.82 20.86 75

M8WR 1,000 kgCO2 Wiy 1 tonCO2

1 kW iiguwinnsigsagus 2.69 Ausad

31015724 3 Nsldwaduaseniindunuszendldnseuiunsding Wethenmsldndsnuliiuinset ay
aunsnannisuanUaseingaisusulaeenlenlang 20,857.82 keCO2 %3a 20.86 ton.CO2 iisulanunsidsasus
75 fu AaenYIvegNsiday
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2. HANTAATIENAMUANAMNATEFAERSVRLATRSEY TN I ULERTing

M99 4 KANTAATIVIANUALANLATYIMAR TYRATasdI LRl dndsnuLaIeTing

AndousIAn 28,800 ALTIUNTETD 92,400
Andalana 7,200 mﬂwqﬂ%’ﬂmmémﬁ%ﬂ 78,000

U 36,000 AUEeN 1,306,536

374 1,476,936

iauﬁunumﬁuasﬁunmmsﬁu 1,512,936

TR 35,864 31.9 1,144,062

F129in 12,410 14 173,740
Uangdnuaysn 17,520 10 175,200
bNAY 31,400 2 62,800

sueldredanmssminenanandilgannisddn 1,555,802

1NAN519 4 WU ALIelunSEUIUNSEY ﬁuvgumﬁ 36,000 Umisiad wavhunuwlsii 1,476,936 U
ol AuvuII 1,512,936 umsial sreldretannssmunenananiilaa1nnsaen 1,555,802 Umsed Ay
ssielaglinlsans 42,866 umsial ﬁﬂ%’ahsﬂ,‘umsamuLﬂ%‘laafﬁﬂﬁnu,asiswwa“’ﬂmw,mmﬁméﬁmwthU 160,000
U svegnalunsAuudANGU 3.73 U

2AUTYNANTTIY

Pnmsiendailfiedosdinndnuuaeriingfioanuuu vhnsmeaeuatrlstundulsedtngumu sune
Tnsnnse Swdaunsanssd nud1 nsddniugin nu a1, Feum 1 uasmendyusd dwiindradden 1 Alansu
sionsa nuanIsmarpUYsEAvBaMIAT L TuRzFesUSuANuS e LA Sr B e sgnend I zau e
ftugiiiosnndnuasnamenimiuandeiu aanwingAvasdosdinnutu 13-14%w.b. Weannsuaninuas
WaUszAnsnmnsaing aenndesiu giuns unsmana wazaudun (2563, u.151) ldAnwinisUssgndldszuuaun
AIEITBURNENNEINME NUT1 ANAEITEU A sEgsgnensiivasnzaniunsadn axviliussavsamnsddn
sy iRy aumed fui (2565, 1.86) Way fnadte mﬁLLamu?}'uﬂ (2564, 1.29) l¢AnwmaveIANLAY
soUszAnsamn1gadng wuln erduiuanzaudsaliUinadiafudinty uazniseonuuugnensnsgryulu
fimmanssiudnu Usussesisgnendimngaudmaliussavnmnsaddnafissnntu deandesiu 1wy waraudun
(Chen et al,, 2019, p.205) lafnwusednsamnisneineiUdenvesgnenslunseuiumsddn wui dnsnisdeu
fomngauvesnszuaumansmedoniinasodnsmaunniinuesdn mmeaeuaraiiuindendoUszavsam
nsdtte 3 Wik aenespuiuUsEAvSamiidinuell 60 Wesidud aenndesiunsiny Judes
naf3Aal uazaudun (2562, u.15) ldAnvinsvaseuuazyseiiunalnesddnnunsguNEn Ausignamn sy
manelulagwdsnuuaseniindunlifuiniesdindmivnguiamasguru wuirhaslihgegaiiedosaansn
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vhaulfeglurag 10.00 u. fis 15.00 u. fiidsliineds 1,611 W awnsoansuyuiundanlunszuiumsadng
Humsdauatumslindsnunawmiiituguru wudeaiu nefidou wazeudus (Gorjian et al., 2021, p.36) l#dnwn
nmsmaluladndsnuiaefindunlituieiosdnsnamanainums ierluuuvna fIR AR S anduyu
lunsguiunisndn duasunislindsnuazein nisldwaduasenfindunussendlinszurunsddnaiunsoan
mstanudesfiwansusulneenialdtis 20.86 ton.CO_ dutu myad Feadind uazaudug (2561, w.42) lfnw
n1sUsziiunislaesfitgiseunsyanainiasanisudandanulnifiewaduaianiing aunsatieannansenuse
danadesluguvesnsaninaideunszanld msilsesinnuduamisnsiussuundsnuuaseniing dagiubud
mstarldussloninniu iesnlvdnsadGugnas ssosafunuanas dwadommduraaTygmans denndod
U Ygenad AS39951% WaAnmN BunNsITe (2562, 1.245) iﬁﬁﬂmmﬁmeﬁmqmiwgmam%l,ﬂ%ﬁ‘ﬁnwmLﬁﬂszé’u
YU WazaenAdDITUNANTIdY ualend Wiselml uasaudug (2563, 1.49) lFnwmansenundanunaeinduas
AusInudsnANAIIIRuredlsadi i snuaeing wui1 Suauialusvesidslidldanndsem
WAIRTINdUAE AL IUAINARDAUANAIN AT EEAENTURILASINIG HAaINMTIdBRzteuilutymlviiuiavie
g szAvsnmnsdinn andunusnundsnuiandusmdiinunsnslumsdinalaamuldegiamnga

a3Unan1339e uasdaiauauue

#5Unan1339Y

MnMsveaeUUsEAVEMNNsAT UG onTimmnuiseuLaT s vaYesgnensTisza NUI1 ASET
nY 41 ANSISeU 1,290 rpm UagszeEnIe 0.9 mm M58 UM 1 AuEaseU 1,350 rpm UaEIZYEYe 0.9
mm uagMmsATT veuUnus1dl AU 1,200 rpm uarsEEEU 1.0 mm HaMIAdeUMINTUT TGN
fomngauseUssAnmnsatn wudn Wusthn nu 41 ety 10%w.b. UszAnBnn 62.70% stugdndbum 1
AT 10%w.b. UsyAnSam 63.40% wagiugtIeNUnasl AU 13%w.b. UszAvEam 63.50% n1331004
msuaanasnulniiluseu 1 ¥ aunsardanasanuls 2,360 kWh/year AuduRussyninamnuduLaseingiu
frdslaifia 923 10.00 u. 1 15.00 u. M dunaseingdiads 1,049 W/m2 Adsluiinade 1,611 W mawSeuiiiey
Uszansnndundanulunsding wudn ssuuladih 220 v msddn 5 $alus dedlid 24.31 v nsdlszuu
winuuasefing Lidealdaesundsny wegmnfinnsunislindsnu 5 Pty szeznm 1 U Usenda
Al 6,344.91 vm awnsaasnsUanddesineasusulaeenlusldia 20.86 ton.CO, Wieulatunsldsasud
75 AU #REATIOIYNTITNY MIRATIZANUANAIGATYEAERS AuuIIn 1,512,936 umsel seldsed
MnMTTmeranan 1,555,802 Umael Alsgnd 42,866 vmael Alddnglunisasmuiaieaddimdsny
wae1nd 160,000 UM WUITTEELATUNTAUNY 3.73 U

dareuauuzlunsinan1sideluldusslond

1. dwdungulsedinyuvurieinuasnsioviwamsiselly eussaviamlunszuiumsddn Sudu
wiosnuaunshanlfmngauiuamnmuemandast 1wy sdaiusinn Ui wun anuturestidden
AVIUS AT TZEZYV0IgNe1Tnd)

2. mafinsaevenssdmnuiluniseenuuusasaiiaaiesdtimdsnuuaseiing msussgndldinalulad
wiaanu elannsnthanldlumsussneuendnuasimuninuasnslugauninvhssiues

Forsuouurlun1siduadsioly

1. msinmsiauuianseiesinsnanensneaslaglinaluladndsny Welvinguyuwunazinunsns
annsnthanldlunsuszneuendnlfogadbu

2. msfinseenuuuazainalseddmdsnunaeindifimimangs arunsoldinaluladnisaiunu
nszvaunsaTsnganiuinaeiudig 9 Welunmsenssfuuszansnmmandndn
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unAnge

meideiiiinguazasd ilewauinsdnmsaudnsndseinioaflefasied ABC-FSN analysis uagiiie
Wisuiflsugannmds neuusasndinsuiulssndduiveiamiagurumueny andunsidelaedfivdoyasn
FINTAUAIAIATIVDIAMAIYUIUNUBIYY WazIiATIenidayalaen1sitATIeine seuU ABC-FSN analysis
Han1539 WU SAudnnandamianan 59 9813 YaATTINVAAY 336,407 U9 LiladuundudniusE Uy ABC analysis
WU Ngu A B9 9 18015 (Seeag 15.25) Ineilyarnsiu 217,144 um (Segag 64.55) gy B 1317w 16 5793
(Sewar 27.12) lnedlyadn5au 83,440 U (Fogay 24.80) ngu C 91w 34 18n15 (eway 57.63) lneilyam1siu
35,823 U ($oway 10.65) Wleduundudaszuu FSN analysis wud1 nay F Sidwau 12 :19n1s (Govay 20.34)
Ingdlyadnsiu 160,538 U (Sewar 47.72) ngu S 317U 21 519015 Geway 35.59) laeilyar159u 106,483 U
(Sowag 31.65) nqu N H91wIu 26 519015 (Sewar 44.07) laeilyarsan 69,386 um (Seuay 20.63) WANT
Wiguieuyarinsmdnauuaznain1suTuuRaaedui wui duAawdsyarsasminiu 284,145 Um N A yaan
AuAnApainiu 166,510 UM yaranasdesay 23.26 Ngu B yYamduAAwauYiniy 83,616 U ;‘J‘aﬁ%ﬁm%u
Sovay 0.21 nau C yardumasadawiniu 34,019 U yarmanasiesay 5.03 Audlunduilndeulwities AN yar
AufAsAdiniu 7,640 v anasfesay 52.94 ngu BN yar1dumMAIRaaviniU 28,298 U anasseuay 24.32 Lax
nau CN garduiarauviniu 14,476 um anasiogas 8.14 1053 YAAMAUAAIATIANAY 52,262 UM Yaa"
anasdonay 15.50 dewaliiamiamuiianmeseuiutuesadiuldin daeliamRagmuanunsoimunyszavnm
msudmsadalsograduszuuinilugmsifislonianagsie

AFNARY: FUAIAIAGY, NMIIATILN ABC, N33ATI2 FSN
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ABSTRACT

The objectives of this research were to develop inventory management using the ABC-FSN Analysis
system and to compare inventory values before and after inventory improvement with ABC-FSN Analysis
system. This research was conducted by collecting data from the inventory of the Nongtoom community
and analyze the data with ABC-FSN Analysis. The results indicated that the total inventory included 59 items
worth 336,407 baht. The ABC-FSN analysis system classified the inventory items into three groups of A, B,
and C, based on their relative value. Group A consisted of 9 items (15.25%) with a total value of 217,144
baht (64.55%), Group B included 16 items (27.12%) with a total value of 83,440 baht (24.80%), and Group C
consisted of 34 items (57.63%) with a total value of 35,823 baht (10.65%). Additionally, the FSN analysis
system categorized items into three groups based on their movement speed of groups F, S, and N. The
results showed that Group F had 12 items (20.34%) with a total value of 160,538 baht (47.72%), Group S
had 21 items (35.59%) with a total value of 106,483 baht (31.65%), and Group N consisted of 26 items
(44.07%) with a total value of 69,386 baht (20.63%). The result of comparing the value of inventory before
and after warehouse improvement revealed that the total inventory value was equal to 284,145 baht.
Specifically, Group A's inventory value decreased by 23.26% to 166,510 baht, Group B's inventory value
increased by 0.21% to 83,616 baht, and Group C's inventory value decreased by 5.03% to 34,019 baht. For
items with low movement speed (AN, BN, and CN groups), their inventory values decreased by 52.94%,
24.32%, and 8.14%, respectively. Overall, the implementation of inventory improvement resulted in a 15.54%
decrease in inventory value. As a result, the liquidity of the community enterprise had increased significantly.
Community enterprise could systematically improve the efficiency of inventory management leading to

more business opportunities.

Keywords: Inventory, ABC analysis, FSN analysis
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Tud we. 2548 Sguialansn “nsesydnafduaiuiaviaguu wa. 2548” Lﬁaﬁuﬁ?ﬂﬁmﬂuﬁu%u
iauﬁaﬁuﬁﬂmmiufﬂw%’w&J’miﬁﬁagiuﬁadﬁuMWwﬁmLﬂuﬁuﬁﬂ (wsgudnysiRdaaSuiaviayueu w.a. 2548, 2548)
gnananlédn mswmwAuA “nilssua niladnduel” e One Tambon One Product (OTOP) 1funsdaasy
LAz AsygRIrugIusInanuiuas famnsualitelifinmsduaiunuduasnldyaviesdiu nsais
sl msthewdedafunariu msWaunanuaansalumsianisuasimunguuuiamaoguey fnalvauaudion
auedlduagimssuuasvgiaguruliiauduuds safansiandamisgusulugnisduiusenountsiamia
GLuizﬁuqq%uﬁialU (NTUANESUNINYAT, 2562) TAMAIYUTUNUDINL FuanueIgu Snnenslnsaa Jminalavie
Hussdnsudsiineduiiod wa. 2547 Tasvnthu 16 au Tumithusudaiy wdndud OTOP WuAudUssinn
naliiwUsgu wu ndae en du Wnnes Jusu WiosmiertaUanuazda 'ﬂﬁ]a;ﬂ’u%amﬁﬁlﬁqmulﬁﬁmiLﬁmiaqmd
nssmhenthuesulaiislussmenasnassne dqwaiﬁﬁéba%ﬁmqaum%’mLﬁuaqﬁluﬂé’aﬁuﬁwﬁtﬁmmﬁu il
Aedgifsatunsdansuimsadedudn dedudludinsiadeulmn a'dNaﬁﬂﬁtﬁﬂﬁmwﬂﬁunuﬁgﬁuﬁnﬂnuﬁ
wegluadsaudlusuresingiu fafu msdnssuvauiasedafiofiuyssavsnmmsuimsduyulumsdafiaud
aapds Fefiunumddglunisatuauulinisdafvaudfivssansam uazanmnsaandunulunisdaiuaudila

AuAAIRdY (Inventory) frnudlusiensaniunuvesgsia é’ﬂL“‘ﬁluﬁuw%’wémuﬁausﬁﬁwﬁﬁnaaﬁﬂi
Foailfifledminevdendn nssnwszavdudandsbinzaniinnudnludenisaniiunisvesgsia nsfny
Aeatuaddudniiamudidglufaniswate sy gy ms%’mmiauﬁﬂmmé’qmjum%mﬂqﬁauazmmﬁuﬁn
(35a 9136 uazAUBUY, 2563, 1.165) liUszendltinaiia ABC classification analysis Tunsdnddumudfaves
auﬁ’nﬁa%’mLﬁULLazm’gﬁ]ﬁvﬁuﬁmzjuLﬂ%"aqﬂﬁqﬁauazmmmﬁd lngtenduangy A 91w 14 598013 ?ﬁnﬁ;ﬂaﬂ'w
msveanidudosar 79.10 ludaiuliluvinailndmadhesnvesndsdudlvinniian dwalinisianisadedudnd
Uizﬁw%mwgﬁu

mMsAnuMsinlszanEnmeadsaud nsddnw vity waulandlvdniu 9110 anvinsuIvu (Buiis
sBuns wazAudue, 2565, u.2286) Inguszyndldivaiia ABC analysis Tunsuiuusindsdudn 1Hunside

a

AN UL NINGNAIDE19ARNIANTITARIEUAT 9113 1 AU NINUAGIEUAT 2 AU Lagdldu3nig 3 AU HANTS

o oA

Wenud JauAluadsTuiunsdu 80 519015 WU imnalla ABC analysis nay A 191u3u 7 518013 (Segag 20.00)

nau B d31u7u 25 51813 (Feway 30.00) ngu C 191u7u 48 5798015 (Fewar 50.00) 1asanNnslang wfn1swdamang
AR ABC analysis Alsiinsuusloududfidussuvetatnau dsmavinlilituilunnsdmfuaudiiuty ausidn
uﬂwﬂﬁaﬂﬂLﬁ‘umuiﬁvuwmw%maﬁuﬁwﬁ?m Igogheazan Tnglifosndudlinheduiteseiuiinneluing
FeduBnuileisfvneananunsadfinyszansnwnisinnisadadudnle

Rdedaanuaulalunisiinisiasies ABC-FSN luldiuadvduinvesesdnslussduiamiaguvumiegy
FadAamAguruiitiuludunsuussuauiinens Tneldiedestensiiasz ABC-FSN Tumsiimundszdvsam
nsuUdmsnds dadudesddninadenisdniiuvesians Lﬁaamﬂmugzyl,ﬁ&ﬂaﬂ’lamqqﬁﬁa UaINITIANTITINUALY

AdsAuPNLUsEENS ey

LY 3 a o
INU3LAIANITIY

1. ierimunnsinnisaudasadsielniosiioqinsizs ABC-FSN analysisyadiaviayusunuasgy 8110e
nalnsana Janinalusie

2. Lﬁ@LU%‘&JULﬁaUHaﬁhﬂﬁn fou-1aa N15UTuUTIRdduAMveamRagusuueIny sunendlnsand Yamin
glovie
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me¥dedidunmsitodaimu Ussrnsvesnisidei fe Aufasadmesiamiagumummeagy ngusiioss
filun933ud fio Aufaseddlusswindianafounaney 2565 fufeuiivieu 2566 S 59 98N

1. mafiudeyavesdumasndseiamisyuruvuomu Meuvuiiuieyanlutuiingensaud s
fumsmsenunveaaesiiennimssaandidiou 3 viw Midudaeuluseiniifeadestunisuimndsdud
2 v wazdudwesfamsuomsfiguiiunisind 10 U 1 vhu aseseunnuifismssweien wasthesuuu
VDIV TIAAUAAZYITUINAWINAGYTANFAARE (Index of item objective congruence) agUSuugalvinn
FodlANuNnNivIewiiu 0.66

2. wunsensdudesndu 3 nau laengu A Jyad1veanindalszanal 70%-90% aardudaas
FovuauaisuTensAuUsEam 5%-20% Yessemsaudiaan daundu B fyarvesasadsszan 20%-
30% WSS LIIBMIAUAUTEIIN 10%-20% Te9T18MsAudTiemn daungy C Aonduiifisnusemsaud,
U533 50% - 60% Y8sT N8N SAUATLA UATiyar1UsEan 5%-10% TesarAuAIRsLA (33N D738
LLazﬂuguﬂ, 2563, 1.156)

3. Suundudusazenislaglduisdudoonidu 3 ngu Tnedaudsmuanuilunisldon Jandisinng
vauIBuisa (Fast moving, F) fie Yanfiflnusiosnisldauyndunst Sanngusesndefanidniswyuioudn (Slow
moving, S) Tnenfuaniifienusesnislinusioseuiailaniniin Tunsdlil Aovssana 1-2 adwteifiou dwitfand
laifinsuuiieu (Non moving, N) fie Tagiifianusesnislénutiesnn vadseraunulildfinmsuldiasluustey
seunalunsdiil Aeuszanas 1-2 adadle 3 iieu Gumed wauen uazessning auds, 2565, 1.620)

4. Suunmemsauianiaeisnutuiumnuumindlaeldiaiosiolinsed ABC-FSN Geagiili
anunsadangududeendu 9 Uszan fmsn 1

M99 1 MTIATIEiTaaduAIAIRaIE ABC-FSN Analysis

ngu F S N
A AF AS AN
B BF BS BN
C CF cs CN

5. fufunmsuiuginmsdstoaudinensiaiiuaudifiyargs (ngu AF, AS, AN) Tituainnisasaatiunn
audeudunnadsfifimadndedud wassitansdedudlunguivauioudh (A, BS, CS) wazandedudilal
MU (AN, BN, CN) 4on21ndufIsIen1saing1asnunnad wasuiulanmsdinansduiluads Instdnenduslu
nauuudewsy (AF, BF, CP) lllndmadieanads wieusnamaiunansends

6. WSgULBUYarAUAIAIARINOULAL Y annseiuaulagldiadesiiodnsizi ABC-FSN was
aAuT18Na

NaAN15338

NnnsTuTtoyadudasdwediaviayuvy lasuad 4 U we. 2565 (lasuna 4/65) wuin s18ms
Audnvianun 59 519N3 yaATImeAY 336,407 U WaduunAudiniussuy ABC analysis wud1 ngu A fdwau
9 318m15 (Goway 15.25) Inellyar1siu 217,144 v (Segag 64.55) gy B 317w 16 519M13 (Seeaz 27.12) lag
fyadnsIu 83,440 U (Sewar 24.80) nau C 431w 34 5193 (Fewar 57.63) laeilyar15iu 35,823 U
(Foway 10.65) AIRNT14 2
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M3 2 Yardumadndavediaviayuyy svuu ABC analysis lnsuna 4/65

A 9 15.25 217,144.00 64.55
B 16 27.12 83,440.00 24.80
C 34 57.63 35,823.00 10.65

NA15N 2 MsTudeyadumandwadamiaguvy lasua 4/65 wuITIIMTAUR VIR 59 1973
warsITeAY 336,407 U WoduunAudanuszuu FSN analysis wuin ngu F fiduau 12 118013 (Gesay 20.30)
lnedlyadnsau 160,538 U (3eway 47.72) ngu S 331w 21 5193 (Fewar 35.59) lngllyar1iu 106,483 Um
(Seway 31.65) ngu N {91 26 919115 (Seway 44.07) lneilyar13Iu 69,386 UM (Feuag 20.63) Fan1374 3

M1979 3 yamduiaIngIvesiamiayuLy seuU FSN analysis lnsuna 4/65

F 12 20.34 160,538.00 41.72
S 21 35.59 106,483.00 31.65
N 26 44.07 69,386.00 20.63

NA1919 3 WHOTMUNAUAININIZUU ABC analysis waz FSN analysis 11113LA51giR81A30 988 ABC-FSN

analysis U1 N AF f91mau 5 918015 Geway 8.47) Iaeilyarnsiu 144,010 v (Fosazd2.81) gy AS 31
3 519M15 ($ewaz 5.08) lneflyarnsiu 56,899 UM (Feaz16.91) ngu AN 4w 1 518M15 (Sevas 1.69) lned
YarsIm 16,235 U (Sewaz 4.83) nau BF 9wau 3 s1ems (Fesaz 5.08) lnefiuarisau 13,808 um (Soeay
4.10) gy BS Tdwau 6 :1ems (Fesay 10.17) dyam1san 32,240 U (Sewa 9.58) ngu BN H91u9u 7 918013
(Foway 11.86) dlyafnTn 37,392.00 v (evay 11.12) ngu CF Hd1wiu 4 919m15 (evay 6.78) lasilyar1su
2,720 U (Fewar 0.81) nau CS Hwau 12 :18m15 Gesay 20.34) lasilyarsiun 17,344 v (fesaz 5.16)
nau CN Tduau 18 318n15 (Feway 30.51) laedlyar1san 15,7590 um (Fewaz 4.68) Aausinglumisne 4
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M54 4 Yardufnndweianvriayusy S1uunau ABC-FSN analysis asung 4/65

AF 5 8.47 144,010.00 42.81
AS 3 5.08 56,899.00 16.91
AN 1 1.69 16,235.00 4.83
BF 3 5.08 13,808.00 4.10
BS 6 10.17 32,240.00 9.58
BN 7 11.86 37,392.00 11.12
CF 4 6.78 2,720.00 0.81
(&) 12 20.34 17,344.00 5.16
CN 18 30.51 15,759.00 4.68

nEnUsuUTIMsddoaumasddasanUFinunsdsdeduilungumauions uasmsianisdsaud
Tunquilnuudeut TnsanuinausazeSsaavifusinatiosandmiumsdste (Minimum order quantity) waw
sndedudlunguitlivyudeusunindudsensdinanasnunnds ileanyadinisinfivas uasdundoudieaudn
Tunguilmuiswilussuinalndnadiesn vieuinamaiunamesnds

Mnnmsyndeyadudandmedianviayuey lasuna 1/66 WenSouifisunamssuiuns wuisens
Audnianan 59 9183 Tyarsaiioay 284,145 u oS uundudien ABC analysis WUl ngu A fiS1uau 9
518M73 (Fevar 15.25) neflyar15id 166,510 U (Feway 58.60) nqu B d31u3u 16 518M3 (Fevay 27.12) lnedl
Yam133u 83,616 U (Segag 29.43) uazngu C 431w 34 $18n15 (oway 57.63) lneilyam1sin 34,019 U
(Sosaz 11.97) fann513 5

M1379 5 YaA1FUAMAIARITDIANTMAAYLTY S¥UU ABC analysis lasuna 1/66

A 9 15.25 166,510.00 58.60
B 16 27.12 83,616.00 29.43
C 34 57.63 34,019.00 11.97

ndnUiulsinsdededudnlulasing 1/66 9909914 5 Foyadudasadeiamiagu Wedulnsna
1/66 Nuinsemsdudiianun 59 910m3 Syadsaasiedu 336,407 Ui desuundudaiuszuy FSN analysis
WU Ngu F 89wau 12 519m13 (Fewar 20.34) Ineilyar1sia 150,533 um (Fewar 52.98) naul S 911w 21 518013
(3ovaz 35.59) laeilyarisan 83,918 v (Fewag 29.53) ngu N ddwau 26 19m3 (Fewas 44.07) lasilyarisiu
49,694 U (5eeay 17.49)
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M54 6 YaAAUAAIATIvBTIAMAAYLYY SYUU FSN analysis lnsuna 1/66

F 12 20.34 150,533.00 52.98
S 21 35.59 83,918.00 29.53
N 26 44.07 49,694.00 17.49

vré?qmﬂﬂ%’uﬂgqnﬁié"ﬁ?a%uﬁwcamé’aLﬁaamﬂammﬁmﬁu lethdeyavadlasina 1/66 A5 wunidu 9 nau
sheiazesile ABC-FSN analysis Wuin ngu AF fldwau 5 519m13 (Gevas 8.47) Tneilyar 133,230 v (Gevas
46.89) ngu AS {31u3u 3 519m3 (Geway 5.08) lawilyar 25,640 UM (Fo8a9.02) ngu AN H9uiu 1 51813
(Sewaz 1.69) laeilyadn 7,640 UM (Segag 2.69) nau BF I3 3 18m13 (Fesay 5.08) lnedlyarn 12,628 v
(Sewar 4.44) ngu BS 313U 6 18115 (Fewar 10.17) laeilyarn 42,690um (Seway 15.02) ngu BN fi1uau
7 519m73 (Seway 11.86) lngilyarn 28,298 U (Fawaz 9.96 ) ngu CF f91mu 4 5193 (Gouay 6.78) flyar 4,675
um (Feway 1.65) ngu CS A 12 519713 (Fway 20.34) dyadn 14,868 um (Feway 5.23) ngu CN A
18 579015 (Feway 30.51) dyar 14,476 UM (3w 5.09) FR1549 7

M504 7 YarduAAdndavesiaviatuyy suu ABC-FSN analysis Lasing 1/66

AF 5 8.47 133,230.00 46.89
AS 3 5.08 25,640.00 9.02
AN 1 1.69 7,640.00 2.69
BF 3 5.08 12,628.00 4.44
BS 6 10.17 42,690.00 15.02
BN 7 11.86 28,298.00 9.96
CF 4 6.78 4,675.00 1.65
(&) 12 20.34 14,868.00 5.23
CN 18 30.51 14,476.00 5.09

U 59.00 100.00 284,145.00 100.00
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AF 5 144,010.00 133,230.00 -7.49
AS 3 56,899.00 25,640.00 -54.94
AN 1 16,235.00 7,640.00 -52.94
BF 3 13,808.00 12,628.00 -8.55
BS 6 32,240.00 42,690.00 +32.41
BN 7 37,392.00 28,298.00 -24.32
CF 4 2,720.00 4,675.00 +71.88
(&) 12 17,344.00 14,868.00 -14.28
CN 18 15,759.00 14,476.00 -8.14
33U 59 336,407.00 284,145.00 -15.54

N34 8 Audiidiyarasedsanasisiuiu 7 s1ens weedl 2 ensiityadfisdu el esan Audn
Tungudsnanmuaadauarlddstotnadduseusingm dudilllyadanasn Ao ndu AS way AN lnsanasd
Soway 54.94 way 52.94 MUAGU auﬁwmﬂé’adaumﬁﬁwLﬁum'ﬁU%“Uquﬂ'ﬁﬁ%ﬁumuﬁgamsmﬁu’wm 336,407
U Wivdan1sanunsnuyaiduaanauyiniu 284,145 UM anas 52,262 UM Anndusesay 15.54 UBILAR
duAAIAaInauALEuNg

anUs18NaN1599Y

v a v [

1nN1sUszEnAldinIesile ABC-FSN analysis Tunisdadiuanudidgdudinsadevesiamnagumu

o

PR IERASIAUATIVILA 59 518115 TWTLATUNE 1/65 Y IATAUAINTINYDIUDUAFUANAIASILALINTINTITIY

U

WU yadduiAsndsTaiamn 336,407 U Wedanguaudniuszuy ABC nudingu A TAuddiuau 9 :1ens
Anidufesas 15.25 vesmemsaui witlyadnandaieiosay 64.55 Tuvaiedl ngu C ffAumduu 3¢ :19ms
Anludosay 57.63 vessensaudiun wifiyadasdafissfosay 10.65 uasiloutenguaudniuszuy FSN
WU Ngu F JauAnduau 12 s1en1s Andudesay 15.25 ve9518n158uAn nau N Jaudd1uau 26 s1ems Aadu
$ouay 44.07 vesmenisiudnioun uasAniuderas 20,63 vesaraud e aeandentsAny1veq Sug1ad
WAUDN WALEIIOING ANRS (2565, 1.622) TinwAddud el Susvedlsimeruiauimis Inen153As1e% ABC-FSN
wu i Auriduauiesomausesdyadiaieusesar 80 vesyamadualifusiianun uenaninisiiendudn
n&u F (AF, BF, CF) 17'iL‘T‘Juﬁuﬁﬂﬁﬁmmﬁiumﬂﬁifmuqam%’m’]ﬂﬁﬂé'ﬁ’umaLf’fhaaﬂ YIYANTLYLIATUNITYNUAY
ADAARDINITANIVDY 5N 8138 LLaxﬂu?iuG] (2563, 1.160) ﬁﬁﬂmmﬁmmﬁﬂﬁﬁLﬂ%"aqﬂ§ﬂ$aLLazmmﬁLLﬁwaa
shsassnAuduvimils fususinsinneesduiiimuisugasduussnsnmusamstanisadsaudidu
dwduiiieglungy N seanungy fio AN, BN uaz CN Fadudufidsnmnismuisutossusiuou
26 319M3 FarmuaUinumsdadedudluUimaiigan tnsanuiinunisdstondiamuinderiisiiy
paeRLIndsEuAUsmsiustarnamilauniamauidnanazananuiissesuivnza esnmniiEud
BluedsSunasnnifiulufsgiliedsdudfiyamgafuanudiiu aesndosiu duiis smduns wazaudus (2565,
1.2293) fidnwmsiinussansanluuisnuwsiama nud amwi]zy,mﬁﬁm%ummwﬁwLﬁumu wazAMUAATILALITU
ANINzaNesUsEANS IwAdsELA asnsauiuussidlasnsieneiuas davanavyaudnfidaiay
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wenanil SelFimsUsuURImsdstoaudtmualuinuiivmngay Werfiudszavsamlunsdnniseds
GILE é}’unuiamﬂaﬂ'wﬁuﬁwmﬂé’dﬁgwmamammﬁa 284,145 u Anvduanasaniiudesay 15.54 ufie n1sviliae
am‘vvﬂa'ad‘wNm3L3uﬁuaﬁamﬁwmmﬁwfwdw 50,000 UM Im&J%uﬁﬂﬁamgaﬁﬂﬂé’naﬂﬁmﬂﬁqm Ao ngu AS \Ju
ﬁuﬁwmjuﬁﬁ;ﬂaﬂ'ﬂmﬂé’ngmazﬁﬂ’ﬁmuﬁsuﬂmﬂmq ﬁuﬁwﬁﬁﬁmwmimuﬁﬂuﬁa&l (N) ansnanyariadlasiy
18,972 UM Imﬂﬁﬂeju AN, BN wag CN aunsoanadlansesay 52.94, 24.32 uay 8.14 VDIAMAUAINUAWY il
Anannssiianisiade Woannisinteas winsiindweenatnesdinteglugnsniuaanyamamuyamaun
fidndeeenanadadu

ﬁdﬁuﬂ’liﬂiSQﬂmﬂﬁfijﬂ%‘mﬁa ABC-FSN analysis Tun1sitasiziazdnanaduaunasnasainalin1suinsags
FumilUsyansnmay aansolddunumdunsanniseaildaglunsiniuauiaedildetamnzay aenndos
futhuvnssal aur’ uasAnqny Wand (2563) inudn Funuadsdudeaindavelssunanieiaiuoimsaansa
Usuusalaenisld ABC-FSN analysis 16 uaraenmdesiudug1ed wauen wazessning auds (2565, u.623)
ﬁwudmwﬂ%’uﬂqﬁmﬁuﬁﬂé’q lnensuszendly ABC-FSN analysis \ionsdedenazimnsdudilsmenua dwnse
anUSunauazAuusImganduiamddld agidlsinnu nsAnunil fiszeznanada Wes 2 lasuna Tnefne
Wivuitsusevislasinagavhevestiulnsnausnvesddaly Saadelunssdnuazaneduiidadioemn vndnw
Huszermfienuuninl wu WisuifisuuuTdetastisannansenudiunamaasld ersaitunalunsusuuss
nssiunsadsaudlddnoudiu

a3Unan13Ide uasdaiauauue
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ABSTRACT

The objectives of this research were to develop a tamarind chili paste with dried shrimp and to
investigate chemical, physical, microbiological and sensory quality of the tamarind chili paste with dried
shrimp of Koh Si Chang in Chonburi Province. The mixture design was applied in this study to develop the
tamarind chili paste with dried shrimp formulation based on three factors; immature tamarind pod, coconut
sugar, and shrimp paste. The qualities of tamarind chili paste with dried shrimp products were analyzed for
the chemical, physical, microbial and sensory evaluation aspects (hedonic scale 9-point). The samples
(n=120) were selected from consumers which consumed tamarind chili paste by used convenient sampling
random. The overall acceptance and purchase intent (A binomial (yes/no) scale) were also evaluated. The
results showed that the most accepted community product by consumers is the recipe 3 (immature tamarind
pod: dried shrimp: coconut sugar: shrimp paste: salt: shallots: garlic: capsicum annuum as 50.87: 8.00: 11.40:
4.78: 0.75: 12.25: 9.80: 2.15 by weight). The overall liking score of tamarind chili paste with dried shrimp
product in recipe 3 was over 7.00 (on a 9-point scale) within positive acceptance (91.67%) and purchase
intent (91.67%). The physical qualities of tamarind chili paste with dried shrimp products consisting of L*,
a* b*, water activity (aw) and pH were 23.47, 16.49, 22.62, 0.57, and 5.50, respectively. The moisture content,
ash, protein, lipid, carbohydrate and fiber of tamarind chili paste with dried shrimp products were 33.72,
5.10, 12.63, 2.73, 16.83, and 4.37, respectively. The microbiology quality of the chili paste followed the Thai
Community Product Standard (Number 321). Outputs from this research showed the potential to add value
to tamarind (the local ingredient of Koh Si Chang in Chonburi Province), and increase the income for the

population in the area of Koh Si Chang in Chonburi Province.

Keywords: Tamarind chili paste, The product development, Commercial use
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fauundnsasiiminuznfuidasnisldmaianiseonuuunismnaesuuunay (Mixture design)
demUBinadunautesiminuzaufaukiifanumngan Tnsdadefiviinisfinw 3 ade fe ugruseu thma
ugw¥ uagnzd Mntuigasiugiusiu 3 ges imeaemdnifledaidongns taslvannsTnsuiion uazvewuns
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3.3 mMylATzinuagaEs i UiinugdunEdiamun (Total plate count) Usinaidas
wags1 (Yeast and Mold) wag Escherichia coli 1138984 Association of Official Analytical Chemists (1998)

4. MsUszifiugunInneUsradulareindnine Andengvaaauiiuiu 120 AW lagn1sguan
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Weluuyed 1nAnNIIUNITITEsTIUNTITe el v inedegsnatnding (sWalasan1si9e DPUHRECO10/65NA)
HuiiGeuiesud

5. MITNUNUNITVAGDMALIATIZITOYAN AR

MIUHUNINARBILUUANBENEIY 8] (Completely randomized design: CRD) LteAlas1zsidiogana
wniuazmenimasuumsvaass nglilusunsureufiunesdniagy spss ihdeyailduiineieuuysusu
(Analysis of variance: ANOVA) i3 uifisupuuansnsvasaadeseds Duncan’s new multiple rang test (DMRT)
fsgiunnudesiudosas 95



UR 19 a0UA 1 uNsAU - DNUBU 2567

Vol. 19 No. 1 January — June 2024 65

NuurunMsmaassiuvdsluudonanysal (Randomized complete block design: RCBD) LleAATz
Foyamlszamdudamuununismaas lngldlusunsunauiamesdnsagy SPSS Ansnzsinnuuwususau (Analysis
of variance: ANOVA) \U3suiflsumuuansinsvasaiadedieds Duncan’s new multiple rang test (DMRT) fisedu
Anudesiudoras 95

nsUssiliunandnuazUsvamduiavemadndueiinszinannsatalagldnsiasizianuwnneig
yostioyaszning 2 nguiegnafissdumnudesiufesas 95 uazmsiianeinnuannesladaind (Logistic regression
analysis) lnomssaesmanisaiuassvyaudnueesTamAuaTT VB At ssenTULar AT RIS Ta D
RG]

Nan15398

1. svimusEadasiimEnuzuius
KaINNIANY AL NEA SIS nuz LA BIMATAN1T0DNLUUNTNARB IV UHAL
(Mixture design) Iastladivimsfin 3 Yade 1éun uzenusou thmauznin uazned AvSnavesdunadlugns
ogluts¥osay 70-80, 10-20 waw 2-8 mu Y Idansiuguveniminus i 3 gns il 1) e
ihlUAnwamnmmaaiuazmenn 9aunis maseusumeUsyamduia uasnseeniusararwaulatondn s

M5 1 UAAEIUHANYDILNINUY VI

ULUNDDU 53.62 48.27 50.87
fauvia 8.00 8.00 8.00
thanausndn 8.05 13.40 11.40
nzl 5.38 5.38 4.78
LN@D 0.75 0.75 0.75
NOULAS 12.25 12.25 12.25
nIzLiie 9.80 9.80 9.80
Winory 2.15 2.15 2.15

2. MIANIAUAINUATILAENIENNVDINEAS NI NTNULVINT IS
HARAUINUININULNAWUAGATA 1-3 WARIAINN 1 KaNITIATIEVAMNAININLATILAENIEATNYBY
a v (3 %7’ a 4 4 5 ¥ a2 s&l 1 < 1 a LN
RN NUEY LA 118 3 gnT Usenaume Usinannuii Andnadunsn-aa (pH) s lusiu enslulewnse
win Tvemms And L* a* b* wazUSunandastluenms (aw) wanafanisng 2
a P a v 6% o v v I LA r ] =
HANTIATIEIAN pH YosnEndugiumSnuznuiauiena 3 ans wudlaegluyis 5.50-5.87 Fauly
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KAMTIATIEALNNIRALNSE IFuA USinaqAuvidimun Escherichia coli wawUanmBaduas
7 wudwdnfaeiiminuzemiasiol 3 graiviinagdunisiomaniiiy 5,10 x 102, 4.30 x 102 Ay 3.80 x
102 Telafisionsu muddu wuuSinaude Escherichia coli Hiosndn 3 siafegng 1 ndu wazUSinadadiay
tound1 10 Teladl soffaogna 1 n3u FawBafaeiininuzamduiets 3 grsiiauninnsgduridmumasgiu
HARSUIYTY (11379 3)
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M99 3 ANV IAUNSEIVDIHANTUTUININUT VNI

Total Plate Count (CFU/g) 5.10 x 102 4.30 x 102 3.80 x 102 < 1x 104 CFU/g
Escherichia coli(CFU/g) <3 <3 <3 <3 CFU/g
Yeast and Mold(CFU/g) <10 <10 <10 < 100 CFU/g

4. mafnwInseNsUNIUsTamALATe AN ST NLE T T

mﬂﬂ’ﬁﬁwﬁmﬁ’msﬁﬁﬁw%ﬂmmmﬁqLLﬁaﬁmqmﬁugmﬁu’q 3 gesunUssdlunaunsdssay (19 4)
wud wandasiimdnusraduiais 3 gas lifersusndafuegiedidddymeedi (0>0.05) Aisgdumnm
Fodudosar 95 medd ndu wauiloduia wifiauuanenstuegeiiteddyneadd (p<0.05) Aiseduany
\Fesiufevay 95 masudnuazUsing samiuazaueulnesa lnegnsi 3 léumaziuunseeniunudnys
madudnuarUng sand uazauveulassingian dAwindy 7.12, 7.08 way 7.21 swadu lefiansan
MNAATLLLNSEaNUNERSe warauaulatondndusinuhndnSuridninuz ot 3 grsldtuasuu
nsvensveglussduiisiiunn Tnefidinssensuanguilamnnnitdesay 70 dwiuarwaulatovessdniug
yniismheluismaanuirfuilnafinnuaulafendnsusiiminuntuignsi 3 wnfiaefefosay 91.67

Je9a9FeansHl 2 Sevay 79.17 uargnsil 1 Soeaz 70.83 mua 1Ry

P19 4 HaMIUsEdiunuN MU TEENALREve N ER T nENUE NS (n=120)

anwazUsng 6.87 £ 0.53° 7.03 +0.53° 7.12 +0.60°
ar 7.35 + 0.55 7.14 + 0.56 7.29 + 0.57
nau "™ 6.59 + 0.51 6.70 + 0.42 6.88 + 0.60
SR 6.04 + 0.60° 6.65 + 0.47 ° 7.08 +0.44 °
leduia 6.38 + 0.53 6.64 + 0.56 6.76 + 0.45
AMUTULAYTIL 6.40 + 0.51° 6.80 + 0.47 721 +051°
nMsyausUNAR (%) 75.83 81.67 91.67

Anuauladonansio (%) * 70.83 79.17 91.67

vanewn  uanwailudnade + dudonvuninsgiu
* AadefinnumesnusTuluILsuLEnIANULANAe g1 TTEd Ay adanseau 0.05 (p<0.05)

* ghenslvanawuu (u/ldla)

5. MylATeinseeusuaraELlaTonaRamain s eirannesladaRng (Logistic regression

analysis, LRA)
namseneianunaeslalafndifeAnwanudiiudssrineonsulassaniornuadlatery
Snvusyasravdiiavesininuznnafaigaerildunsseniuinniian Ae gns?i 3 Tasvhaunisasoosiilaly
Ussnaengnsaimsonsuuazeuaulade uansafmg 5 WuhRANYENNUsTAMANTAN AN Yo
Usng @ doduda uazenueulaesulaiidvinasenisuenunansiumifseiulodiy (p<0.05) usRaANYE

o w a

AunduLasavRiiDdnaseNuaNTuNanSnsegnsditudAgedA A1 Odds ratio FsluAitidudnsduvesay
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1nazfuresnssensundnsuaaranuinasuvenisiinisyeusunanseiiaindu 0.464 wag 0.361 MudsU
wazlansanteenuadladenunauveulnesINdsdim Odd ratio Wiy 29.429 Wudnwaemalseamausiaien
niidvsnadenuaulatendniueiihninurunwiinsyautad Aty 0.05 mniedmiengluriomann

f1519 5 A1 Parameter estimates, probability iag Odd ratio estimates 294N7158U5UkaTANLELATRVDY
NRIRA]

a v t%

TNINUTYINNIAS (N=120)

N

anwarUng 0.237 0.436 1.267 -0.088 0.747 0.916
a -0.445 0.147 0.641 -0.461 0.098 0.630
ndu -0.768 0.035 0.464 -0.606 0.062 0.546
AR -1.020 0.011 0.361 -0.403 0.224 0.668
ileduia 1.356 0.199 3.882 0.946 0.201 2574
AU UlALTI 20.500 0.992 799748394.6 3.382 0.000 29.429
Constant -118.340 -15.628

2AUTIINANITIVY

nsita kAR s mnuzaufusieiinnudunsa-aa (pH) sewine 5.50-5.87 fasiensiiaufisen
wiluaznsvinuveseuleinaoniunmssudmierraoniasyivlavesaduns (@uumn Tuudug, 2505) uien
AUNUITLVDY g019A 1509R18 (2552, 1.95) TN H AR NS NLL LA UN TR EY 9InANSARNINUI
A1 pH vewdndniogluyie 5.2-5.9 LLasLL‘USNﬂﬁuﬁ’uﬂ%um‘umw%ﬂsﬁmdmuﬁw Tuvausiivimanhmatulliing
AoA1 pH VaINARLI venanimumaresimtuarUnanhsasyluenms (aw) vewandneinsnuzany
RaurisrllFaonndosiumuidoves gn1ed Fosane (2552, u.97) SldFnuimunEnSasiiminusnuaiunssdey
MnmsnyuhAATutursskEntasiogluta 32.1-40.4 TnsaarutuuUsiunsstuesifusvesintnyany
wasimatuld uasenAtoues Unsdl qued (2559, u.53) IifnyfangaarEafasiimEnuzmaTangn s
wuiwanfasiiladiauturemansumivhiy 35.61

Han 3R TeiUsnalusiu ladu i leems wag aslulawse denndesiuruideves nunissa
Jaumensena uavaudug (2559, u.116) WiAnwiimumdnsusiiminuinndat wasinsgimaud
malasunavesemaniug anmsAnwmuiithwindauiadats 100 nfu Wiy 511 Alausae’ mslulainse
48.1 n¥u TUsiu 10.1 n3u uazlasfu 30.9 N3 uazaAdeves WA §iuns uazaudue (2563, u.135) lddnwn
W@ummamﬁmsflﬁm%ﬂBﬁ’magﬂwsLLaz"?m'ﬁwﬁmﬂmmmﬂmmmisuaa‘uadNﬁmﬁm%mﬂmsﬁﬂmwudwﬁmﬁm%
fiusinalusiu Sovar 23.91 aslulawmsndosas 23.36 lusudosay 4.05 aududosas 38.91 uandndosas 9.37

paaNMTIATIEAaENUIIAIANLaIse s SNz mgnsd 2 Telienfianianitusiuremsuseu
qu;’imﬁaaﬂdwqmﬁ 1 LLazqmﬁ 3 GlvinanseduiuenAdeves ofman wuglsnd wavaudus (2561, w.146)
iwmmfﬂﬂmsﬁw‘ﬁwumﬁ%qNﬁmﬁm%ﬁww%ﬂuzsumzi’suwﬁﬂﬁmmammﬂmﬁlﬁmﬂﬁﬁ%maaﬂ%msﬁ'ummwaﬁ?/\luaaaaﬂ%ma
Tungrugou fileradonnaingssii 2 fUimunstfdlugnaininusaudukadutadeifnarodiidutuses
dwsnusnfautiaig

HANTIATIRAMAINN AU SaenadediuwITeves sl gues (2559, u.53) lafnwiimuigns
wanfasmiminuzaiulainni1 wuhmdesusdldnsolinuiinagdunisimun UTinaubaduass wae
liiwuide Escherichia coli Sadulumannasianasgiudmunly
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MNHANISTARBUALA TS sTamdiavowmantt wutnEnSusiiininduiigesi 3 usrugou:
Aautka: thanaugnd: nel: ndo: vieuuns: nawifivs: winlvy Sefievindu 50.87: 8.00: 11.40: 4.78: 0.75: 12.25:
9.80: 2.15 Tngniwiin (ugmsiimnzansenaildevenesdanuslitunguymdhuiuiitmne Aesumilufiui
fuainzdds sunerdnm dwiavays weliusslevidandudsoly Wosnilugasildsunseeniuuas
anuaulatovessdnsasinnguilnauniian aonndesiuauiteves ganed iSesans (2552, u.100) ¥Fnuiam
wAn s minuzanaiunssisy mnmsAnwmuiguilaadiuau 200 au lFnsseusudusani uazauvey
Taosamoglusziunnnivindu 7.9 uae 8.0 wazauiseves 2edAnes wazaudug (Walker et al,, 2010, p.40) léidnwn
nsveuiuLazmNFaINstoveskAntasvesiuvluuilsifivaiivszneuselusiunnduniosifimaaouda
favua 140 Ay MNMMAaesUImAnfasildsunssensuanguilaagefeienas 65 uasiuslnadimuesnste
AR uTSoEay 55.7 warauidees anadmil FnEu wavaudue (2566, 1.50) MAEnwINIsRNSULATANFRINTS

v '
&

FovowdnSasiannuaniififiinaouduiamn 120 au TinmsmaaemuteEnsasildsunseeusuanguilan
auiieforay 100 wawfuilnafinnudoansdendnfusisosas 95.83

Tumsessiamuanaesladafndidumeiaiieldfansanidnvaemassamdudavewdnsasa liua
Snwardng & ndu sand eduda wararwweulnerin Faduiuldassdanniisvinatonsseuiu
Tnesau (Overall acceptability) wazsziunsinaulade (Purchase intent) Mlufuusaalneddnvasdusuls
Fanquilieldifies 2 a1 Ao seufuuarliisonsu Touaglide muddu fiofinrsd1 Odds ratio deluitidu
Snrauvesaruiasdureinissensundnsue uazanuunasduvesnisldnissensundnsue wuiidleonsuuy
ANLTEURUNAWANTY 1 Miae Uudnawuy 9-point hedonic Tuvadisuusdaszaug wiedhuasmalszam
dudadug Al awiilimnuesduvesniseensundnsaueidu 0.464 wihwesalinisseusunanSasiiai
TunsdlvassamAniian Odd ratio Wiy 0.361 snefsnnutesluvesniseuiunandusiiiiofinsifinty 1
wihpazildmnnesfuvesauauladeliu 0361 wihwesnnuldaulade definnsandmuaulede wui
matuazuuumaduauveulne ST nafenwaulaferdnamflduntu snaadnuaemednua Loy
Taesauilen Odds ratio 3slufitilusasidruvesaruhasfuvesnuaulede sy lunsdvosmmmeulngsaud
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anuezduresauauladediy 29.429 whwesnuliiaulede
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ABSTRACT

The objectives of this research were to design and examine the performance of solar-powered
irrigation system on different daytime for sugarcane cultivation in Udon Thani. This study was conducted at
the experimental area of the Faculty of Technology of Udon Thani Rajabhat University on an area of 6,480
m?, utilizing the sugarcane of the Khon Kaen 3 variety during the dry season. The study was divided into two
parts: the design of a solar-powered irrigation system and the study of technical performances of the solar-
powered irrigation system across different times of day. The payback period was calculated by comparing
energy costs between using a solar pump with a petrol engine pump. As a result, a 2,200 W solar water
pump and a 3 inches water pipeline with a pipe length of 167 m were designed for the 6,480 m2 sugarcane
flelds. A drip irrigation system was selected to be used in sugarcane irrigation system because it turned out
that the drip irrigation system improved the efficiency in irrigating sugarcane plantations. The drip tape had
holes with a diameter of 16 mm and 20 cm apart. It was placed into two areas for the water to flow to the
end of the tape. The solar panel used in this study was 445 W with a maximum voltage of 45.18 V/panel,
and a string of 10 panels, connected in series. The result revealed that the system worked well at every
time of the day, morning, noon, and afternoon. According to that, sugarcane met its water requirement by
an hour. To be more specific, at the range of highest solar irradiance, it could produce a highest total system
efficiency of 6.40% in the morning. In addition, the payback period was approximately 3.56 years comparing
the solar pump with engine pump. Therefore, it could be concluded that the drip irrigation system was

efficient in growing sugarcane, and also environmentally friendly.

Keywords: Solar-powered irrigation systems, Sugarcane, Solar pump, Pump efficiency,
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Introduction

Udon Thani is a province where most of the land is used for the purpose of agriculture. Sugarcane
is considered as a significant industrial drop in Udon Thani since 926,699,200 m2 are used for sugarcane
cultivation - the 4" largest area of the country (Office of Agricultural Economics, 2022). Nevertheless, sugarcane
cultivation requires irrigation at all stages of growth (Chontanaswat et al., 2020, p.66; Gunarathna et al., 2018,
p.2). The average sugarcane irrigation around Udon Thani is 3.75 mm/day (Thai Meteorological Department,
2008; Royal Irrigation Department, 2011). Planting seasons of sugarcane in Thailand are pre-rainy season (April
- June), dry season (January - March), and post-rainy season (November — December). Pre-rainy season allows
the sugarcane to maximize water uptake during the rainy season. In dry season, irrigation is needed for
sugarcane to store water before the rain comes in the next season. For post-rainy season, the soil is still
humid (Office of the Cane and Sugar Board, 2016). However, sugarcane cultivation in the Northeast is mostly
based on rainfed cultivation. Sugarcane plants may lack water if there is little or no rain in the growing year.
Especially now that the world is facing an El Nifo situation (Office of the Cane and Sugar Board, 2020). These
drought problems have directly affected the growth and production of sugarcane (Office of the Cane and
Sugar Board, 2020; Wonprasaid, 2015) Providing additional water according to the sugarcane's needs is
necessary.

A drip irrigation system is an irrigation system that benefits the environment by conserving water,
increases efficiency of growing sugarcane in the dry season or in water scarcity areas, and increases quantity
and quality of sugarcane yields (Parnthon, et al., 2017, p.341). The water is applied either on the surface,
next to the plant, or subsurface, near the root zone. (Office of the Cane and Sugar Board, 2020) Comparing
sugarcane cultivation using drip irrigation with farmers' current irrigation method, which is based on soil
moisture and rainwater only, it was found that the cost of growing sugarcane until harvesting using the drip
irrigation method was only 6.8% higher than the current irrigation method for farmers, but yields a higher
returned of up to 22.5%, or approximately 2.28 TB/m2/year (Mekdan, 2013). It is consistent with the study
of in the northeastern region, it was found that drip irrigation increased sugarcane production and returns
(Wonprasaid, 2021; Inthawut & Suphanchaimat, 2011, p.57).

Unfortunately, most sugarcane cultivation areas are remote from communities and lack access to
electricity. This results in farmers having to irrigate sugarcane by themselves. Except that sugarcane is planted
in rainy season, rain will help farmers alleviate their workload (Chontanaswat et al.,, 2020, p.66). On the
contrary, in summer and winter, farmers may need equipment and tools for water pumping and irrigation
systems which require fuel. This increases the expense to farmer, including air pollution (Islam & Hossain,
2022, p.2).

According to that, irrigating sugarcane by solar-powered water pump may offer farmers the opportunity
to reduce energy costs related to pumping system. This is because Thailand is located in the equator, it is
a country with great potential for solar energy (lamtrakul & Kritsanawonghong, 2019, p.9). Moreover, the
installation of solar power generation system can also be installed off-grid, which is suitable for areas without
access to electricity (Jovanovi¢ et al., 2023, p.2; Mukda et al., 2020, p.124). Several studies of solar-powered
irrigation systems have been reported in previous literature. In Saudi Arabia, research undertaken by Rehman
and Sahin (2015, p.712) which aimed to investigate and compare the performance of both diesel and solar
PV stand-alone power generating systems for underground water pumping purposes. It found that the solar

PV power generating system did not only help to decrease carbon emission to the atmosphere but also was
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comparable to the unit cost of energy with the diesel only system in many sites even though the unit price
of the diesel fuel was very low. A study undertaken by Islam and Hossain (2022, p.1), which aimed to conceive
solar irrigation pump’s economic feasibility in northern Bangladesh by conducting standard financial and net
environmental benefit analyses. The financial analysis revealed that a typical solar irrigation pump with 4kWp
solar panels and 2.5kW pump were the most profitable option (20% IRR) for investment. Moreover, the net
environmental benefit was found to be almost equal to the given subsidy for installing them.

In addition, the performance of solar-power system depends on solar irradiance. It also depends
on the weather conditions and solar panel temperature. Imjai et al. (2020, p.18) studied performance of an
integrated solar irrigation system for isolated agricultural areas in Thailand. The results showed that water
flow generated by solar PVs and performances of the system were different depending on weather conditions.
Choosakul et al. (2011, p.177) studied application of solar cells for daytime weather study, The results
showed that the variation of generated electric current might be plausible to the daily weather condition.
Cotfas et al. (2018, p.1) reported that the solar panel temperature is one of the most important factors which
affect the performance of the solar panel. Leow et al (2020, p.1) simulated photovoltaic panel temperature
under different solar irradiance using computational fluid dynamic method. The results showed that an
increase in solar irradiance along with the PV panel operating temperature increase. It can be concluded
that solar irradiance and solar panel temperature affect the performance of the solar-powered system. Solar
irradiance will change as the daytime period changes.

The objectives of this research were to design and develop a solar-powered irrigation system in
combination with drip irrigation for sugarcane cultivation in Udon Thani Province, and to examine the effect
of daytime on the performance of the solar-powered irrigation system, focusing on planting during February

which is outside the rainy season.

Research Objective

1. To design of the solar-powered irrigation system for sugarcane cultivation in Udon Thani
2. To study of technical performances of the solar-powered irrigation system during daytime for sugarcane

cultivation in Udon Thani

Research Methodology

The sugarcane plantation of this study had the area of 6,480 m’ and this study was conducted at
the experimental area of the Faculty of Technology, Udon Thani Rajabhat University, Udon Thani Province
(17°26'56.2"N, 102°56'33.6"E), during the dry season (February) of 2023 as shown in Figure 1. The soil was
considered a laterite soil mixed with sand. The so-called Khon Kaen 3 was used in this study since the variety
was suitable for Udon Thani geography. Sugarcane cultivation was spaced 2 m between rows and 0.3 m
between trees, representing an area of each tree as 0.6 m2 (AC). The total number of sugarcanes planted (N)
in the study area was 10,800 stems. This study included design of a solar-powered irrigation system and
study of technical performances of the solar-powered irrigation system on different daytime for sugarcane

cultivation in Udon Thani, the details are as follows.
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50,69 m

70.31 m

Figure 1 A sugarcane field in this study

1. Design of a solar-powered irrigation system for sugarcane cultivation in Udon Thani
Irrigation requires of sugarcane and total dynamic head were considered in this study. The
irrigation requires sugarcane or crop evapotranspiration (ETc, mm/day) was calculated by the formula of
Kaewruang (2022); Bhingardeve et al. (2017, p.975); Costa et al. (2022, p.3) (Equation 1). Crop coefficient (Kc)
was obtained from the Royal Irrigation Department (2011). Pan coefficient (Kp) was obtained from Royal
Irrigation Department (2011). Pan evaporation (Ep, mm/day) was obtained from Thai Meteorological Department

(2008). Air temperature (Ta) and solar irradiance (G) were collected daily.
ET =K xK x E (1)
C C P P

ET_was the data used to calculate water discharge rate or flow rate (Q, m*/s) which was a

parameter used in considering the size of pump, together with the total dynamic head (H, m).

2. Study of technical performances of the solar-powered irrigation system for sugarcane
cultivation in Udon Thani

The examination of the solar-powered irrigation system was conducted in the beginning, the

mid, and the end of February, and 3 times a day which were, morning (09:00-10:00 am.), noon (12:00-1:00

pm.), and afternoon (3:00-4:00 pm.). The morning and afternoon are the period which farmers can work in

their fields and have more solar irradiance, and the noon is the period which and have highest solar irradiance.

The technical performances in this study included pump efficiency M pump), solar panel efficiency M ,,»and
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total system efficiency (n%) as suggested by Mindu et al. (2021, p.4) and total water discharge in the
experiment area (Dw, m’/day). In addition, this study analyzed the payback period as a comparative analysis
with the study of (Limprasitwong & Thongchaisuratkrul, 2020, p.255). However, the quality and yield of
sugarcane plants are not included in this study. It will be studied and analyzed in future research. The solar
panel temperature was collected by an infrared thermometer (IRTEK, model: IR50i). The flow rate (Q, m?/s)
was collected according to 10 dropper heads distributed around the area. The solar irradiance (G, W/m?)
was measured by a solar power meter (Lutron, model: SPM-1116SD) and the same slope angle with a string
of panels (17° from horizontal line), The voltage (V, V) and current (I, A) were measured by digital multimeters
(DIGICON, model: DM-819T). These data were carried out in every 10 min by calculating technical performances.
There were used together with water density P, kg/m?), gravity or acceleration due to gravity (g, 9.81 m/s?),

and solar panel area (A, m?). The following expressions were calculated based on equation as,

~ flh (Vi) (2)

PV
Aoy [, @t

(3)
praxit [ (Quot

pump fm (Vxl)dt

(@)
n Sys - r] pump % n PVsys

Dw=0Q x N (5)
Payback period (PBP) was calculated to determine the financial for comparing energy cost
between using a solar pump with a petrol engine pump as Equation 6, the PBP refers to the number of years

or the period required to return the initial investment (Senanon et al., 2019, p.7; Duangjaiboon, 2018, p.72).

PBP (years) = Initial investment (Baht) (6)

Net cash inflow per year (Baht/year)

Results
1. The solar-powered irrigation system for sugarcane cultivation in Udon Thani

A significant factor for considering size of the pump was that the amount of irrigation that
sugarcane requires per day, including total dynamic head - calculated by the amount of irrication that
sugarcane requires (ETC) in the study area of 6,480 m* with respective of local conditions turned out to be
24.32 m3/day and the total dynamic head was 8.17 m. A solar centrifugal pump which was 2,200 W, 90-580
V, and 8 A was therefore chosen. As for the pump power requirement, the power (445 W) and maximum
voltage (45.18 V) of the solar panel and a string of 10 panels, connected in series, were selected as shown

in Figure 2. The schematic design of the solar-powered irrigation system in this study is shown in Figure 3.
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Figure 2 A solar-powered irrigation system unit

Solar panels

Solar centrifugal pump Drip irrigation

Figure 3 Schematic design of a solar-powered irrigation system for sugarcane cultivation in this project

A drip irrigation was used in the irrigation system for sugarcane cultivation. By doing this, each
hole on a drip tape which its diameter was 16 mm, was distanced from each other 20 cm as shown in Figure
4. The drip tape was placed into two areas in order for the water could be flowable to the end of the tape
which the length of the field was 146 m.

Figure 4 Drip irrigation by drip tapes in this study
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2. Technical performances of the solar-powered irrigation system for sugarcane cultivation in

Udon Thani
For the study of technical performances of the solar-powered irrigation system, indicators of
this study included solar panel efficiency, pump efficiency, total system efficiency, and total water discharge
based on Equations (2)-(5). The solar-powered irrigation system parameters were collected 3 times during
the day. Table 1 presents the parameters and values of the solar-powered irrigation system for sugarcane

cultivation.

Table 1 Parameters and values of the solar-powered irrigation system for sugarcane cultivation

Solar panel temperature (°C) 39.6 54.7 48.6
Solar irradiance (G, W/m?) 582.87 1025.03 759.12
Water flow rate (Q, m*/s) 0.0067 0.0094 0.0074
Solar panel efficiency M o %) 17.30 12.38 9.56
Purnp efficiency (T o) 37.00 32.15 41.14
Total system efficiency M %) 6.40 3.98 3.93
Amount of discharge* (m*/day) 27.35 38.64 31.25

* Calculated based on 10,800 stems

The result of solar irradiance and power output were used to calculate the efficiency of the
solar panel. The solar irradiance in the morning increased from 580.1 W/m2 to 742.3 W/m?. The power output
increased from 2,124 W to 2,321 W. Unlike the solar panel efficiency that decreased from 18.3% to 15.6%
and had an average of 17.30% (Figure 5). At noon, the solar irradiance was quite stable - it was between
1,020.1 W/m? and 1,030 W/m?. The solar panel efficiency was also stable — it averaged 12.38%. However, in
the afternoon, the solar irradiance decreased from 776.5 W/m’ to 545.9 W/m?®. The power output also
decreased according to the solar irradiance which was from 2,158 W to 828 W. The result of efficiency the

decrease from 13.9% to 7.6% and average 9.56%.
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Figure 5 Relationship between solar irradiance, power output and solar panel efficiency over the daytime
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Table 1 shows the tend of water flow rate which depend on solar irradiance, by this means, once
the solar irradiance increased, the water flow rate would accordingly increase. To clarify, the solar irradiance in
the morning was 582.87 W/m’, the water flow rate was 0.0067 m’/s. It was calculated as 37.0% of the pump
efficiency. At noon, the solar irradiance increased to 1,025.03 W/m? the water flow rate increased to 0.0094
m3/s, and the pump efficiency was 32.1%. And in the afternoon, the solar irradiance decreased to 759.12 W/
m?, the water flow rate decreased to 0.0074 m*/s, however, it was found that the pump efficiency increased to
41.1%. The calculation of total system efficiency shows that solar-powered irrigation system worked most
efficiently in the momning. To clarify, the total efficiency of the system was 6.40%, and the lowest efficiency was
found in the afternoon that was 3.93%.

In Figure 6 it shows locations of water collection. There were 10 locations where the water containers
were placed. As seen in Figure 5, the location number 1, 2, 3, 6, 7, and 8 were the locations where the water
was collected by normal tube. The location number 4, 5, 9, and 10 were the locations that collect the amount

of water for considering whether water was flowable to the end of the line.

T3l m

B
5
L3

Figure 6 Locations of water collection

The results shown the water supply was flowable to the end of the line at every particular location.
It also finds that the water discharge shows a relationship with solar irradiance as varied directly. The maximum
amount of water discharge obtained for 10,800 sugarcane stems in this study was 38.64 m’/day with maximum
solar irradiance at noon. Since the water requirement of 10,800 sugarcane stems was 24.30 m’/day, the average
total water discharge for the experiment area in the morning and afternoon were 27.35 and 31.25 m’/day,
respectively. It shows that the total water discharge for just an hour is sufficient to meet the water requirement
of all sugarcane stems in this experiment area.

For payback period analysis, in this study, the data of a 3.4 KW petrol engine pump was used for

comparing energy costs with a 2.2 kW solar pump as well as the study of Limprasitwong and Thongchaisuratkrul
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(2020, pp.251-252). The fuel consumption rate of the petrol engine pump was 1.4 liter/hour, but maintenance
cost was not included to analyze. If the petrol engine pump is used for an hour per day and the price of gasoline
is 36.44 THB per liter (PTT Oil and Retail Business Public Company Limited, 2023), then the energy cost of the
petrol engine pump is 51 THB/hour. The total cost of the solar pump system in this study was around 60,000
THB. Chontanaswat et al. (2020, p.66) has been reported that irrigation duration of sugarcane cultivation is 330
days in a crop season. Therefore, the payback period was approximately 1,177 hours or 3.56 years comparing
the solar pump with the petrol engine pump. An investment project was accepted because the payback period
was less than the solar pump lifetime, this system has a lifetime of approximately 20 years (Limprasitwong &
Thongchaisuratkrul, 2020, p.255). The details are shown in Table 2.

Table 2 Data list and details for comparison between cost of a solar pump system and a petrol engine pump

system for sugarcane cultivation

Project life 20 Year
Irrigation duration of sugarcane cultivation 330 day in a crop season
Irrigation period of a day 1 Hour/day
Solar pump system 60,000 THB

Fuel consumption rate of the petrol engine pump 1.4 Liter/hour
Price of gasoline 36.44 THB/liter
Energy cost of the petrol engine pump 51.02 THB/hour
Energy saving (Gasoline) 16,835.28 THB/year
Payback period 3.56 Year
Discussions

For the result in the morning, it can be said that the solar panel efficiency starts to decrease even
though the solar irradiance increases, which was resulted by the increasing of the solar panel’s temperature
(Leow et al., 2020, p.6). In the afternoon, the solar irradiance and the power output decreased, the efficiency
of the solar panels also decreased according to the solar irradiance and the power output. The reason for that
was, although the decrease of the solar irradiance was found, the temperature of the panel was still considerably
high. It appeared that the lowest efficiency of the solar panels was found in the afternoon and noon, respectively.
The highest efficiency of the solar panels appeared to be found in the morning. It showed that the temperature
of the solar panel greatly affected the panel efficiency, this was consistent with the study of Leow et al. (2020,
p.7) and Cotfas et al. (2018, p.11).

For the pump efficiency, which depends on the water flow rate and the power output. From the results,
it was found that the water flow rate was directly varied to the solar irradiance. The power output is inversely
varied to the temperature of the panel. Although the solar irradiance in the afternoon was higher than the one
in the morning, but the temperature of the solar panel was still considered high which was affected from the
decrease of power output, and that caused the pump efficiency to be higher than the one in other times. The
range of solar pump efficiency obtained between 32.1-41.1% which was close to the study of Korpale et al.

(2016, p.524). The total system efficiency denoted that the solar-powered irrigation system for sugarcane
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cultivation could have a good technical performance in Udon Thani, this was consistent with the study of Mindu
et al. (2021, p.14). In addition, the payback period obtained from this study is relatively short, in accordance
with Limprasitwong and Thongchaisuratkrul (2020, p.257). A shorter payback period indicates a quicker return
on investment, which should be favorable for most farmers.

The study results of the total water discharge showed that the solar-powered irrigation system for
sugarcane in this study was found sufficient within less than an hour and met the water requirement of the
sugarcane. lrrigation during noon took 38 minutes which was considered the least time taken. Thus, it can be
said that the solar-powered irrigation system was available to be applied for sugarcane at any daytime. Moreover,

it could also be contributed for the greatly and efficiently saving of water resources.

Conclusions and Suggestions

Conclusions

The solar-powered irrigation system has already been implemented in many rural areas in Thailand. It
shows that this technology has been widely used. The most common use of solar-powered irrigation systems
is an off-grid or stand-alone PV system with a direct-coupled system, where there is no electrical energy storage
(batteries). Moreover, this system is easily used and stable for small-size pumps 3-25 m’/day. For the reason of
that, it can be used in both small irrigations and domestic use. The outcomes of this research showed the
potential to enable sugarcane farmers in the Northeast Thailand to use water efficiently and conserve energy.

Nevertheless, the factors considered in choosing a solar-powered irrigation system technology which
could significantly influence on the efficiency of the system were water requirements, total dynamic head,
technology of solar panel, temperature of the solar panel, and solar irradiance. The solar-powered drip irrigation
system had highest of solar panel efficiency, pump efficiency, total system efficiency, total water discharge, and
payback period of 17.30%, 41.14%, 6.40%, 38.64 m3/day, and 3.56 years, respectively.

Recommendation for using to benefit

This study showed that solar-powered drip irrigation system was very efficient and available to use
throughout the daytime, water-use efficiency, contribution for carbon neutrality and less human operation.
Therefore, it may be a sustainable alternative for sugarcane irrigation in Udon Thani and nearby areas.

Recommendation for future research

This study had begun to be used in sugarcane fields of farmers in Udon Thani Province, which had
similar weather and soil conditions, under the flagship project, which however, the next research will compare
the yield and quality of sugarcane between the irrigation obtained from this study with farmers” irrigation method.

In addition, the analysis on economic aspects will be compared.
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ABSTRACT

The objectives of this research were to examine the nutrients of biosheet, soil decomposition, and
surface decomposition of biosheet from pumpkin and hemp plants, the efficiency of weed growth control in
demonstration plants, and the amount of carbon dioxide released by the biosheet compared to other types
of control weed materials. In the research, pumpkin plants were used for making biosheet, and ground sunhemp
as a material for adding nutrients which was put over the sheet in the amounts of 0, 2.5, 5, and 10 grams per
600 square centimeters. The properties were examined by analyzing nutrients of biosheet, soil decomposition,
and soil surface decomposition. Examination on biosheet from pumpkin and hemp plants as biosheet was
conducted by percentage calculation of weed plants and analysis on the amount of carbon dioxide released
by the biosheet. The results revealed that as for nutrients on biosheet from pumpkin and hemp plants, potassium
was at a high level (91-120 mg/kg) with biosheet content of 10 grams per 600 square centimeter area. As for
soil decomposition at 15 days, biosheet of ground hemp content 10 grams per 600 square centimeters did not
show presence of biosheet from pumpkin and hemp plant left over. As for the decomposition on the soil
surface, there was biosheet remaining and the biosheet weight lost for 12.35%. The efficiency of weed control
in the demonstration plant showed that the percentage of weed growth was 57.5 at 40 days, compared to the
plant that was not mulched at 82.50 percent. The amount of carbon dioxide released into the atmosphere by
the plant sheets was 0.2337 kilograms of carbon dioxide per kilogram. The results of this research are beneficial

for use in controlling weeds in vegetable gardens for farmers and further development for researchers.

Keywords: Biosheet, Pumpkin plant, Sunhemp, Weeds contral
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ABSTRACT

The objectives of the research were to investigate the levels of knowledge, attitude, and awareness
about the problem of e-cigarettes among the youth of secondary school teachers, and examine the relationship
between knowledge, attitude, and awareness of the problem of e-cigarette among the youth of secondary
school teachers. Sample of this study was 498 secondary school teachers under the Office of the Basic
Education in the Bangkok area, and the central region which were obtained by multi-stage sampling. Research
instrument was an online questionnaire about knowledge, attitude, and awareness of secondary school
teachers on the problem of e-cigarettes among youth. The data were analyzed by percentage, mean, and
standard deviation. The analysis on correlation between knowledge, attitude, and awareness variables was
performed with Pearson correlation coefficient analysis. The level of significance was set at .05. The research
findings were 1) teachers had knowledge about the problem of e-cigarette among youth at a good level,
2) the teachers had a positive attitude towards the prevention and solution of e-cigarette problems among
youth. 3) Teachers were awareness of the prevention and solution of e-cigarette problems among youth at
the high level. 4) Knowledge, attitude, and awareness of the problem of e-cigarette use among youth of
secondary school teachers in the Bangkok area and the central region were positively correlated significantly
at the.05 level. The study's results raise awareness for teachers and use it as guidelines to drive the prevention
and solution of e-cigarette problems for youth to build immunity for children and youth, who are essential
human resources for the country, and to be aware of impacts on health. It also prevents the emergence of

new smokers.

Keyword: Knowledge, Attitude, Awareness, Electric cigarette, Youth
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ABSTRACT

The objectives of this research were to investigate the factors affecting and present guideline for
resolving obstacles for the reinforced concrete road construction management of local administration
organizations of Mueang District in Uttaradit Province. The data was collected from 57 samples who were
supervisors under the control of local administration oreanizations by using a questionnaire. The factors
affecting were analyzed and sequentially ranked by severity index, a combination of occurrence frequency
level, and severity level used to determine into five factors which consisted of 1) Man 2) Money 3) Machine
4) Material 5) Method. The result significantly revealed that the most affecting factor on the reinforced
concrete road construction management was shortage of construction labor during agricultural season with
severity Index of 0.286. The least affecting factor was accidents during construction with severity Index of
0.077. When considering the top 5 highest of S.I., it was found that there were 3 financial factors that the
local administration organization should have in managing financial risks of contractor company in future. In
addition, results from this research should be implemented as guideline for consideration of management
policies in order to response to with the conditions of problems found in various environmental factors that

are constantly changing.

Keywords: Construction management, Local administrative organization, The reinforced concrete road
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