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YT siiwanANlunandn A1uinA1 HQ (Hazard Quotient) wagfin Hi (hazard index) 1ag @1 HI > 100
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Abstract

The objectives of this study are to monitor and assess the health risks of pesticide residues

in fruits collected from 12 villages across 5 provinces in the Upper Northeast of Thailand during January

2023 to May 2023. Four types of mangoes - Mangifera indica 'Nam Dork Mai, Mangifera indica

'"Mahachanaka' (Rainbow Mango), Mangifera indica 'Khiew Sawoey', and Mangifera indica 'Faar Lun' - were
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collected from Khon Kaen, Chaiyaphum, Kalasin, Udon Thani, and Sakon Nakhon provinces and
prepared for pesticide residue analysis. Pesticide risks in the fruits were assessed based on the Hazard
Index (HI). A total of 47 samples were prepared and analyzed using the quick, easy, cheap, effective,
rugged, and safe (QUECHhERS) multi-residue extraction method, followed by liquid chromatography-
tandem mass spectrometry (LC-MS/MS) determination. The 228 pesticides monitored in this study at
OARD 3 were used. The results showed that pesticide residues were detected in 19 samples (40.42%
of all samples). Eight pesticides - carbendazim, clothianidin, imidacloprid, lambda-cyhalothrin,
metalaxyl, profenofos, pyraclostrobin, and thiamethoxam - were found in the range of 0.01-0.67 mg/ke.
The risk assessment for consumption in terms of Hazard Quotient (HQ) and Hazard Index (HI) were
conducted. It was found that the Hlis ranged from 0.20 - 13.70%, indicating acceptable risks. An HI value
greater than 100% would indicate a risk to consumption. However, for safety reasons, farmers still need
to be careful about correct pesticide application in plantations.

Keyword: Risk, Pesticide, Pesticide Residues, fruit
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ﬁﬁ’mgﬁmé’a 9198 malMLARS UATIBA DUY e dniuazdwmansynunedandoule (ATIUTTIRAZ NNV,
2566) AMNT1BIUNMTIATIHATREAnA1luTeg i nuasnalifvefun1sfuseauas GAP eluy ana
nziusenidvuvionouvy U 2561-2565 31U 1062 #1989 WuaIsiennAe 453 Aadu 42.7% d1uau
FoeefinulAuAanasgiu MRL S1uau 94 feens Anudu 8.9% wilafiwfifnnsaanuasiivnndafud MRL
1guA wns1 win agth wiafins waeu uzifewa wag dailnem (@15ned, 2565)

Ufiasuazeaiy (2565) Anwnisldansidadmgiivlunvasignitvindennudesiiiioguannunns
uazUszfiunansznudedndon sunoteuds Swiaswyd Tneduifuiesieiu th azneufuuasin lugg
WAIKAZg QY 78 1989 NUMIANANS 34 i (Seeay 44) asfivandnsiinuluiu 6 vinans leun atrazine,
ametryn, acetochlor, profenofos, cypermetrin ag permethrin Usua 0.02-0.10 un./nn. Tuhny 4 %iln
@13 1AW atrazine, ametryn, acetrochlor wag permethrin U3 0.02-1.02 lulasnsu/dns luinnu 3 vila
a3 léun profenofos, carbaryl wag cypermetrin U3unas 0.02-0.07 un./nn. ldnunsandnslunzneudu e
Uszifiumnuldessequa1naaean Hazard quotient (HQ) Tuduuazin Safosndn 1 oglunnsiseniy

(HQ<1.0) 41A111nn1 1.0 dedndanudss ( HO>1) wazdseilunansenudainasuniaal Risk Quotient (RQ)

v
°

TuRuazi dadesnin 0.1 wunliiianudes (RQ<1.0)
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mﬂ%m'ﬁﬁﬁmmgw%awwial,fiaa praAANTANASIUNANER v‘iﬂﬁlﬁmmmLﬁaaﬁiaqﬁumwmaamwmﬂi
wazanAsludawindon ﬁLﬁmmiﬁwmaxammiLﬂﬁiuﬁumzamwﬂ mbmiansanasiunands avaulufunay
uwasiluudnalndifes iansidoudevesmsnailuduinden gadidinluundni gsvuuraldemns
dmansznuseduilon MuiTelTgUszasdifieRnnunarUssiiua s sogunmannarsiumnddlunals

NUNNIARLTUEDNRELUNLDNBUUY

on1satiunig
1. mafususudoys
41198194V ULA12 24 (Purposive sampling) Ny Uruiidnisugnualiigaalvdludswinvounnu

< =

Fonfl ndus gass1dl wazanauas Suau 12 wyUu seniiafounnsiag - NuAIAY 2566 LIURIDEY

T A

@ 1

ugaing S 47 fregns ludrnfufemandn audervuanisgudaogauasiiuinudeg1aiedinsgh
asfiwandne (nguideTngiiiunisinuns, 2548) Wusdagietdldlugamanainfinaainineazidendiogiads
vosUfiAn1saelu 24 Halus
2. MFIATEHEITNEANAS
19735015819 wuU QUECHERS (BSI., 2008) A5323LA518WM19RAKALUSUIUE1TRYANATT 31U 228
¥iIAa15 ATOUAANAITANTATYN Y (Herbicide) @133 aKuAY (Insecticide) war a15UaanunTalsniy
(Fungicide) ﬁamﬂ%"ad Liquid chromatography-tandem mass spectrometry (LC-MS/MS) 14 acetonitrile @M

LWUUTURBULAEILAEIINISLENU WA 19819738 MgSO, vinlare1ndunie Dispersive-Solid-phase extraction

v
o 1 a

(dispersive-SPE) Wiaddansadunss dndiuiuazdulsyneusy %) A28 primary secondary amine (PSA)
C18 uay MgS0, viliidunsalasnsifunsavesiin arsadaduaniietluiinsegidae LC-MSMS dmiu
egseinneiivluannzuiigavall 20 ssmiwaida uaziinsizsisiesnaniely 24 $lus
3. msusziuanudesasiaiinndadagiunn Arsduiivin
Uszifluszauanudesiefuilaa InglideyariinuazUsinuamsfivanddunandn fuwaeunis HQ
(Hazard Quotient) azan HI (hazard index) 419 1nWasuees HQ (Gadalla, et al., 2015; tozowicka et al.,
2013) IngAuiniann Estimate Daily Intake  (EDI) 32 A1Uszanaunslasuidngsaniesenisuslnaseiy
\igufiuan Acceptable Daily Intake ( ADI) vie Usinaasiuilaayniundlinuanudssiinansevunagidu
sunTedeauAInveUsln (aun1s 1)
EDI = X (Fi*RLi/ BW) (@un1s 1)
dlo: Fi; smsnsuslamomng (hn/5w)  uwsie 0214 nn/Su
$r9derneAsiinansuilanuzhng wwediiuslan (eater only) Tutaseny 18-64.9 T : ndw/auiuilaa/fu
(1n@%., 2559)
RLi; USunauansiwmnandlusdedng (un./nn.)
BW: Aadsinviing (nn.) dwsudlnglunengJusenideanile Ywtiniads 62.64 nn. (Hvie= 68.8 nn.,
Hune =56.48 nn.) (Wells et al., 2012)
FuRamAn HO 99nMsms A EDI U @1 ADI @uns HO (aunisdi 2) fnadldaai:

HQ = (EDI/ADI) *100 (@uns 2)
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dle: EDI; Estimate Dally Intake  wthe un./nn.dinga/Su

ADI; Acceptable Daily Intake leanndeyaansiafimdndngiivandnsluenmns  Codex online databases
(FAO/WHO, 2023) way Pesticide Properties Database: PPDB, An international database for pesticide risk
assessments (AERU. 2023) nvae un./nn.shiind/su
Usziflupudesannen Hazard Index (HI) flunarnsasiudt HQ  Awaas (aunis 3) Leeil

HI = HQi (#un15 3)

dle: HQI; Hazard quotient vasansfivi

HI >100; wuneiie mﬁﬂwmﬂﬁwasﬂuizﬁmﬁamaﬁﬁiﬂﬂ

HI <100; isnedie ansiwandnseglusedveensule

NALAZIATUNANITNAADY

namsiAsERansiunnasluiogzaag 4 vle 1den uzihainenls 36 fegn uzdhamwun 8
et uzthadienas 2 feds wazuzaheihidy 1 fetghs s U 47 Mege nUasiuande U
19 fheghs Ay 40.42% vessuauiiogaiaue denunsandnslusiegnsmziihamnen 3 fegna (6.38%)
wazazihathaenlsl 16 feg19 (36.00%) UTinaiingranueglutag 0.01-0.67 un/nn. Suunmulszannisld
U Ussmmﬁwwmﬂ'qﬂ fio @rsmdanuas 5 9da laun clothianidin, imidacloprid, lamda-cyhalothrin, |
profenofos, Way thaiamethoxam asmdnlsaiis 3 vlia laun carbendazim, metalaxyl Wag pyraclostrobin
(Table 1)

Table 1 Frequencies of pesticides detected in Mangoes samples in Upper Northeast

Thailand

Number of
WHO MRLs (un./ Amount of pesticide
Pesticides detected  Type samples
classification nn.) detected (un./nn.)

detected
carbendazim FUC u 2! 15 0.01-0.67
clothianidin INS I 0.042 5 0.01-0.04
imidacloprid INS Il 0.4! 1 0.01
lamda-cyhalothrin INS I 0.2! 1 0.01
metalaxyl FUC I 0.01° 1 0.04
profenofos INS I 0.2! 1 0.01
pyraclostrobin FUC Not listed 0.6 1 0.04
thaiamethoxam INS I 0.2! 1 0.01

Il =Moderately hazardous, Ill =Slightly hazardous, U=Unlikely to present an acute hazard (World
Health Organization, 2020), MRL = maximum residue limit, INS = insecticide, FUC = fungicide

1. Thai Agricultural Standard TAS 9002-2016 (National Bureau of Agricultural Commodity and Food
Standards, 2016), % Codex Alimentarius (FAO/WHO, 2023), 3 European Commission Pesticides
database MRLs (EU) 2022/1343 (European Commission, 2023)
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nansUszfiuanandesannisuilnadisduiinaududunsiedeguain (Hazard Index)

° a ¢ a P a a | = v o o X & o
PINaIATIEENsIYRNANUsTuANUEsesanisusaa tnaldmauiius® Hazard Index Wusadl

@

Fiaanudes wn HE wnndt 100 fehlanudesiiludunsesdeduilan wuil A HI vesugdefiasening
0

.009- 14.06 % $A1ta8n3n 100 (Table 2) waneInluiainudeswman1susinadwunnedsUsuaans.alnidm

o =

Angiunlasuldinnnenaeneliiindnsereavnmle Weolarsananiuguesuzaing nui wedndnenliny
NSANANY 44.44% Ya9IUINAIRE Uzl 1NNl LaTNLUMIYUNNUNITANAIY 37.5% YDITUIUATDE
wzhsumwun Fzihaisaeselinaiunsadieentudmiielulsenanieg wu inwd guu Seanu 1Jusiu

Famsndnuzsionisdseendnasyszaulgifeiiuaunmvemanin wandngnianelneusasdngiy iy

a £% @

WASINIUNEHI WASINNEN AeanaluNede BuAITUYEY NUBULITHANYLI WRsLUITRENLN WaLA99I4

[ -

Wzinanugane 1uiu (ASS1ussduaznansuif, 2566) nunsnsaasidansniiluntsmdadnsialulszanad

Y

gnieswazinzaNiuAngivudazein wWeandyynisanddlunanin uarnisazadludande

dyunan1snnasg

MshesRasiuandnslusaogeuzaing lufiufinianziusendsanieonouuy nuasiyansiy
anfe Anvdudesas 40.42 vossuIusIeg1ATIER U%mmﬁmmwuaaﬂmm 0.01-0.67 un/nn. et
Auae H W eUszfiuanudesninnisuilan wuit eglunasivonsu  Fsannsaideyalumsunsuas

o

wuztinunsnsugnustluiuinianziueenideanilonsuvuy Wiiansidiseianisldaisidndngiion

Y

gnAed eAnuUaeafsvaanunnsiazguilag
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Table 2 Assessment of consumption risk for mango in Upper NE Thailand

Plots Residues HQ HI =>HQ Health
Pesticide EDI ADI
No. (un./nn.) (%) (%) Risk
1 carbendazim 0.38 1.54x107 0.02 7.73 9.36 accept
lamda-cyhalothrin 0.01 4.07x10°  0.025 1.62
2 carbendazim 0.02 8.14x10” 0.02 0.41 0.41 accept
3 carbendazim 0.02 8.14x10” 0.02 0.41 0.85 accept
clothiandin 0.02 8.14x10°  0.097 0.08
metalaxyl 0.04 1.63x10* 0.08 0.20
thaiamethoxam 0.01 4.07x10°  0.026 0.16
4 carbendazim 0.43 1.75x107 0.02 8.75 8.75 accept
5 clothianidin 0.01 4.07x10” 0.097 0.04 0.042 accept
6 profenofos 0.01 4.07x10” 0.03 0.14 0.136 accept
7 carbendazim 0.34 1.38x107 0.02 6.92 7.46 accept
pyraclostrobin 0.04 1.63x10* 0.03 0.54
8 carbendazim 0.01 4.07x10” 0.02 0.204 0.204 accept
9 carbendazim 0.67 2.73x10° 0.02 13.64 13.7 accept
imidacloprid 0.01 4.07x107° 0.06 0.07
10 carbendazim 0.04 1.63x10* 0.02 0.814 0.814 accept
11 carbendazim 0.04 1.63x10™* 0.02 0.814 0.814 accept
12 carbendazim 0.15 6.11x10" 0.02 3.05 3.05 accept
13 carbendazim 0.57 2.32x10° 0.02 11.60 11.7 accept
clothiandin 0.02 8.14x107 0.097 0.084
14  cabendazim 0.04 1.63x10™* 0.02 0.814 0.814 accept
15 cabendazim 0.01 4.07x10° 0.02 0.204 0.204 accept
16 cabendazim 0.01 4.07x10° 0.02 0.204 0.204 accept
17 cabendazim 0.04 1.63x10* 0.02 0.814 0.814 accept
18 carbendazim 0.02 8.14x10° 0.02 0.41 0.41 accept
19 carbendazim 0.13 5.29x10 0.02 2.63 2.69 accept
clothiandin 0.01 4.07x10” 0.097 0.042
Average 3.29 accept

HI > 100 = risk to consumers, HI < 100 = accept; EDI = estimated daily (m./m.ﬁmﬁnﬁa/ﬁ'u); ADI =
acceptable daily intake (un/nn.tmsnda/5u); ADI values according to the Codex Alimentarius
(FAO/WHO, 2023) and Pesticide Properties Database: PPDB, An international database for pesticide risk
assessments (AERU, 2023)
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Abstract
The research aims to investigate the effects of adding 0%, 2.5%, 5.0%, and 7.5% kale powder
by weight (formulas 1, 2, 3, and 4, respectively) on the physicochemical quality and sensory acceptance
of the product. The results found that the addition of kale powder affected the color, texture, spread
ratio, and water activity of the products (formulas 2 - 4) significantly differently from the sample without

kale powder (formula 1). An increase in kale powder content decreased the L*, a*, b*, and C* values.
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Formula 4, containing 7.5% kale powder, had the lowest L*, a*, b*, and C* values, ranging from 34.23,
-0.29, 14.35, and 103.1, respectively. The germinated parboiled rice crackers supplemented with kale
powder had a color shade ranging from yellow to green (hue angle 90° - 180°), while those without kale
powder addition had a color shade ranging from red to yellow (hue angle 0° - 90°). It was found that
the formulas added with kale powder showed a lower spread ratio in the range of 7.00 - 8.49 and
hardness in the range of 2,105.00 - 2,494.08 ¢ compared to the control sample (formula 1: without kale
powder), which had values of 12.83 and 3,236.67 g, respectively. All formulas had water activity in the
range of 0.3797 to 0.5822, less than 0.6 according to TCPS: 523/2020. The cracker with 5% kale powder
had the highest sensory overall liking score of 7.53.

Keywords: germinated parboiled rice, kale, cracker
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Figure 1 Fresh kale (a) and kale powder (b)
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Table 1 Color characteristics of kale powder

color characteristics

kale L* a* b* c* ho

powder 58.10+0.78 -3.15+0.09 31304007 49614132  178.5294+0.0012

Remarks: Mean values are the mean + SD
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Finuaa TeuA gns?l 2 3 uaz 4 ¢n he egfl 178.4305 178.4373 wag 178.449 sy Hlondimdesiade) (d

he agsgning 90° fis 180°) aenndesivanuingiuansly Figure 2

il

0% 2.5% 5.0% 7.5%

Figure 2 Photographs of kale powder (0-7.5%) supplemented germinated parboiled rice cracker
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Table 2 L*a* b* C* and h° of kale powder (0 - 7.5%) supplemented germinated parboiled rice cracker

formula kale L* a* b* c* ho

powder (%)

1 0 54.49+2.98%  6.75+0.16° 30.11+1.26° 476.5+38.9% 1.3500+0.0072°
2 25 39.72+0.57°  -0.05+0.03° 20.60+1.13° 212.6+22.8° 178.4305+0.0011°
3 5.0 36.64+1.47%  -0.14+0.09%  17.45+1.22° 152.7+20.9° 178.4373+0.0058"°
4 7.5 34.23+0.74°  -0.29+0.04° 14.35+0.619 103.1+18.8° 178.4496+0.0037°

Remarks: Mean values are the mean + SD, Mean values within columns with different superscripts are

significantly different (o < 0.05).
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Table 3 Spread ratio hardness and a,, of kale powder (0 - 7.5%) supplemented germinated parboiled

rice cracker

formula kale powder (%) spread ratio hardness (g) a,
1 0 12.83+3.18° 3,236.67+226.89° 0.5081+0.0962%
2 2.5 7.70+0.95° 2.105.00+724.00° 0.5822+0.0056°
3 5.0 8.49+2.75% 2.244.00+170.48° 0.3797+0.0165°
4 7.5 7.00+0.00° 2.094.08+292.62° 0.4570+0.0043%°

Remarks: Mean values are the mean + SD, Mean values within columns with different superscripts are

significantly different (o < 0.05).
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waraAuvaulnesIw (Table 4) vesnandasiunsninesullsdnenseniadumsininad snsamuiiunndisiu
laun Seuaz 0 (gasaruan LiiaTunadniag) 2.5 5.0 Lag 7.5 A28TTN1INAAOUAUYBULUY 9 - point
hedonic scaling Wazuuunudduamseulusnzuuy 1 - 9 Taeldnaaeuilssinmsiindusuo 30 au

[

wudwandaeiuasnineinngaslasuaziuunisnaaeuauveulududnvrlsng & savid Anunseu nau

£

uazANTeUln PULANANAURE NIUEd1AYN1SEda (p < 0.05) HuslaaliAzLuUNITERUTUNIUSEEY

Y

v v Y

Audadumuveulasulunansusiuasninesudsimensseniiasunsinealugnsd 2 fa 4 ganindilsiiedung
Fraalugnsdl 1 mawedumsinnaiiuiunaiosay 5.0 lugnsil 3 Wugnsivanzasiian Tagldazuuuainnis
naasuseniuvestUslnamsUsramduda TusnudnuarUsing @ sawi ANunseu ndu wazANNTEY
Tnosaugaiian Tneflasuuuegfl 7,50 7.27 717 7.63 657 way 7.53 nudy Tuvnisfinisiedunainieauiiautu
Judowar 75 avdmalinisvenivvesiuilnamewszamdndalusuduazaiunsovanas esanudn st
fdaeiAdonduiuaonadesiunamsiinsesigunmdudlu Table 2 fiwuien L* o b* uaz C* anas uaw

fiAAuudanfiuwnlingawy (Table 3)

Table 4 Sensory evaluation of kale powder (0-7.5%) supplemented germinated parboiled rice cracker

kale sensory characteristics
formula powder appearance color order crispness taste overall
(%) liking
1 0 6.00£1.05°  6.03+1.35° 573+1.23° 6.83+1.34° 573+1.23° 537+1.00°
2 2.5 6.37+1.07°  6.50+1.11° 6.90+1.16° 6.50+1.07° 6.23+0.97° 6.40+1.35"
3 5.0 7.50+0.86°  7.27+1.20° 7.17+1.09° 7.63+1.07° 6.57+1.07° 7.53+1.04°
4 7.5 7.00+1.23°  7.03+1.33® 7.03+1.03° 6.80+0.89° 6.43+1.14° 7.30+0.92°

Remarks: Mean values are the mean + SD, Mean values within columns with different superscripts are

significantly different (p < 0.05).
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Abstract
This study aims to test the effect of incubation periods of cassava stem cuttings on
germination and growth. The experiment is conducted using cassava cv. Kasetsart 50 grown at the Plant
Science Department, Faculty of Agriculture and Technology, Nakhon Phanom University. A Completely
Randomized Design (CRD) was used with four treatments and four replications. The treatments included

no incubation (Control) (T1), incubating for 2 days (T2), incubating for 4 days (T3), and incubating for 6
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days (T4). The results found that the cassava cuttings of T4 had the highest germination and growth
performance in terms of appearance, number of germinations, stem dry weight, and root dry weight.
This is because the incubation of cassava cuttings retains moisture, thereby increasing cassava bud
germination and survival rate.

Keywords: Germination, Cassava, Energy crops
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Figure 1 Cassava stalk incubation (a) and planting cassava stalk in nursery containers (b)
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Figure 2 Effect of stalk incubation on shoot germination (a), height (b), stem dry weight (c), root dry
weight (d), and leaf dry weight (e) for cassava Kasetsart 50 variety at 30 days after planting (DAP).
Different letters indicate a significant difference among stalk incubation methods (p<0.05, least significant

difference (LSD) test).
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WAHNEY (1:1) ﬁLUai‘L?juﬁmsqaﬂﬁqﬂ (76.00, 80.67, 78.00 % MUAINU) SruuEARAsTITuenTULSN (21.67,
25.00, 22.67 puddy) Fudaaaen (6,34, 6.15, 6.10), tniinan (36.75, 37.27, 30.75 fadniu aud i) uas
§1A1 biomass index (15.31, 13.04, 16.60 awa1sv) WoTeuiiisuiuwdadlilasunasuasiudadilasunasng
pnusdaiildfuuasainvaen LED Auns Ssnideianansntnldifioduaiunmnmussdunduzdomels

o o w o
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Abstract

Light-emitting diodes (LEDs) are an optimal alternative light source to increase plant
productivity. This research was conducted to evaluate the effect of LEDs on tomato seed germination. The
treatments included no light (dark), room light, red LED, blue LED, white LED (daylight), and a red + blue
LED ratio of 1:1, each assigned with three replications and a 16-hour daily exposure period. A Completely
Randomized Design (CRD) was used, with 50 seeds per replication. The results showed that blue, white, and
red + blue LED illumination yielded the highest germination percentage (76.00%, 80.67%, and 78.00%,
respectively), first count (21.67, 25.00, 22.67), germination index (6.34, 6.15, 6.10), fresh weight (36.75, 37.27,
30.75 mg), and seedling biomass (15.31, 13.04, 16.60), compared to the dark and room light conditions,
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except for the red LED treatment. This research indicates that LEDs are beneficial for promoting tomato
seedling quality.
Keywords: Germination index, Seed vigor, Light-emitting Diode (LED)
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uzilaine (Tomato) Wuiivdniesughafidenuslaaduialan daurmeeimsgs lnsanglalaiiu

waziudualsiiu iuansngnuadiidgnsdesnismsiinuziSwiongnuunn waglsavaendenfiudy (Rein and
Herbers, 2006) uzidameluiagtuiivanvaneiuguaziwdaiuiisnrouiasleseuiisuiviivdnaindu <

[ %

(Fv21a, 2558) Lilpsmenisuanudniuiiidediinmeiug uaznudnvasfivivresiug dwulunisndnudaiug

< < o

Sndudsadinsmunuaunimuazanuudiswesudavisnouwazndinsiiuied saludaudaiug Admueli

' v
saa aa s o

wnwasnanlunedgn seadaiugiiiinuauisalunissenuarasanimanufidinveaudniudgs sauviaimmn

]
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FBnsnsydunseusulsannwdaiugillssiuanueniigemuuiasguvesu datugaiuay Jelalonwauas
(light-emitting diodes; LEDs) Lunasiifiiunuszyndldlufiunisinums @avun uagyamd, 2555) n1swdniiy
vanevile Taslangiiviniflyadmaasugioge tielidurduunisnan waguasly LEDs Aneuaussians
wiguiuln viefnaronandnuazamnin Iun wasduas finnuenadu 650 nm wazuasduiniu finnueniadu
450 nm Fadurdunasiidnadenaniadvlnvesiivldfiian 1wy Peifiunandnuazaanmvesinada neva U3
visousinszitsnislduas LEDs ilerfiavdensedunmsdaunsiesiansyiegiilufisnatsviia 1wy nsnevaussomsiiiy
Ysunallalafiuuaziudualsfiulunsidema wasdsdinsiuas LEDs inldlunisnsedunistoniiviansenaadn uaz
ns¥AuN1SIenYeINIw iy Dandelion (Taraxacum officinale) (Lin et al.,, 2013)

Tutlagtu LEDs Idsumnuiouuiniy wazdguuvunsléfinainuany fansuAnluszuula uazseuy

o o

Ugnuuulidldiu I51arreudegn Jamnsadsvendlilaig lnsaneiivinidyanweniieas wu dnada win

a [

wzilana wagldnanuiwiina dngUsvasresnuideliieyinismeaaeudnsnaveuasainviasnliyia LED A3

wiaaruiiauasuandeiy fs dune By wazuasden Tunmstiensedunissenvesdauzdomeabilddunannd

AN

ASAiun1sAiiunIs

1. gUn3aluazIBn1s3 nzwdauzilowang g R-3034-3-10-N-UG %iia Determinate lundeaniz
WA WA 9 x 17 x 3 1wufuns (1319 x 817 x 83) #2835 Top of paper eﬁ"aanssmmwwLuﬁﬂﬁﬁquﬁwmﬁ’mw
(wuulawed) Tiuas LED fiunnsnefu auununisnaass (dv17 wag 1) TNUKRUNITNARDILU U UANY 0]
(Completely Randomized Design; CRD) 411l 6 N335 (treatments) 3 & (replications) Fay 50 wan nssE
7 1 lldsunas @nmile) nssudsd 2 16Suuasund nssudsi 3 naen LED duns n3suiT 4 wiaen LED dv17
350357 5 viaen LED Anitu ns5ual 6 naen LED Auns + 1hidu (dndau 1 sie 1) luwsavnssudsduriufuna
Uiy wasfamsszuull LED Tnesanatlumsliuasiuae 16 Slusiotu neUszgndnuiinisues Wang et al.
(2016)
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2. nsiiudaya ynisiiudeyanisen 50 14 T AINNIRSEINNTNAAUAIINIBNTBY International

Seed Testing Association (ISTA) (1997) Tngrfun1sseniuusniufl 7 (First count) uaztiuuseniugavinefud 14
(Final count) Uufinteya el

2.1 Wesifuriniseen (% seed germination): % seed germination = (100 x 1uIULUAAIBNTY
gavhe)/suuadaiinadey tuiindeyannuenvesiundt @adiuns) orgndsnisien 5 fu &aanUsIngsn
90U (radicle)) wagmAnadsINdund 5 fu wartufindminuisvesiund (euftgumafi 100 ssmuwadea uu
24 4139)

2.2 anusilunisseniagTaainaduinisien (Germination Index) 91NEATNATINYS (FIU7U
winseniuil 1/1) + Guouwdaentuil 2/2) + .. + Erunuwdacentudl 14/14)

2.3 famAdsidnaadann (Biomass index) 91nA (wmindundran-uindngunaauita)/
Y dunduis

a

3. N15ATIERTRNA TLAT1ERANULUTUTIUNNEDR (ANOVA) Adkiun1snanasd CRD Taglglusunsy

Y

Statistix 8 (United States Department of Agriculture National Resources Conservation Service (USDA, NRCS)

(2007) waziUSeuisunadelneds Least significant difference (LSD)

NAKAZISANANITNAADY

o v a

Wesidudnissen (% seed germination) WU luufanssaidiinuunnansiuegsideddndanisaia

fszauanudedu 99% Juudauzidowmeiildsunasainuasn LED dv11 ddnsinissendiiga windu 80.67%

a < & av Yo a T a aou a I & av v
59989110 WAANLLYDWNAN bASUAINNNADA LED dwna+1du 4895101598071 78% LUAAULLTDLNAT LATULES
NYaeR LED F1du 76% wanuzdawmeanlilasunaasdnsiniseenil 70.67% wanuzilowmanlasunasluiag
UnATIdNIIN1599n7 64% williliAULANAIAUNIERR WiNUI WasNL AN lasULEIaINan LED Auwnaidl
ININ598NN 16% AuanU (Table 1)

v a '

Asiin1ssen (Germination Index: GI) 91nARABYRILARENTIHIE A1 Gl TAuuanesunsadfoe sl
TudfnyBansadaniseduanudetusesuanudeiu 99% (A1 Gl sewing 5.81-6.34) winuzilemailé¥unasann
vaon LED Athidu f8nsianmirlunissengeandl 6,34 sesaunie winmdemaildfuuasminvaen LED dum
fignsanuiilumssent 6.15 winusdemalildfuuanas f8nanudilunisent 6.13 wiauzidemai
¥ Suuasnviaen LED Auns+inidu fdnsanudilunmseni 6.10 wiausdomailsfunadufosnd fas
anudqlunnssend 5.81 wdauzidemaildunasannuasn LED duns fdnsaranilunisiendiitgn fe 1.06
AaRU (Table 1)

mMaasAuln (Growth test) Sufindoyanissensaslufudl 7 (First count) vsmsmAgBUANLSEN WU

o w =3

< A AV Yo | o | o ' Py a aad o A o A
wanuzilamanlasulasmnasiudanuuanansiusg1iidedAgdmsedianszauanuiony 99% lagdfiwan

& A M v Ao Py ] aa a a I3 & < = AV Yo
wzamalilasuwanas Tnsinssenidunsiusnivian fie Wiy 26.33 Wan 58389A0 WanuzUanANLASY
wasINvaan LED dv1n w2de 25.00 wan wanuslamanlasunasainvasn LED Aund+inkdu 1ae 22.67 wudn
WAL DNAT LA S UWaIAINNaan LED #8130 1wae 21.67 Was wanusilanan ba sukasluiosund Jiade

21.33 WA waridnusidamenlasunasainuasn LED auad wde 3.33 wan (Table 1)
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8n31n15093 A ule (Growth index) 1MNN1TIAAINYNIVBIRUNAIBIYNEINITIBN 7 TU WU §ATINT

Wiiulnvawundfilasunaduuiaznssud Wisuilsuiunssiisrivaunlilasusasuarlasuwasuniluanw

'
1 a

ot Widanuunnd1aiun1eada lnednnue1idunaiogsenined 3.53-5.90 LwuUfuns 1ady 4.46 LEURLAT W

o

' I3 o o anay M v a o 1 i A ' 1% a I
?‘JEJ'N‘]ﬁﬂWWlI WUﬂaWIUﬂ§3N35W1N1ﬂ5ULLaQ au‘Vlllﬂ) AUNAE ﬂiﬂmgsﬂaﬁanaTJW]a@Q‘Uﬂ LS ADUYWITYALLGSLAN

ninssudsnlauamnnssis (Table 1 uag Figure 1)

'
a

Wmtinanvawuna wui Weleny 7 unasanden radicle denadennuuwaniniueg1aliiod1Ayd

ad o .:4'

neadAfiszAuauBotuy 99% thninaniunnsnaiy sening 19.58-37.27 fadnsu Juudausidenadldsuua
nvaen LED dv1 wardihitu dlwiinanunniigndl 37.27 uaz 36.75 fadnsu sewunde wasuzWowmedildls
Fuuasiae fumdnani 34.98 dadnsu wasuzilomailasusaduiosund dumdnand 32.51 fadnsu wén

a v vo = S a afd o A a a o = d alv vao
uziananlasunasainuasn LED duns+uniu duminanil 30.75 Tadndu uasiudauzilemadlasuuaann
viaon LED duwns Jumiinaniesdian 19.58 fadnsu auad1au widminuiwewundt wud lifianuunned1ani
atdlunnnssuTs denegsendnei 1.79-3.24 fiadinu iy 2.47 Jadndu (Table 1)

v

Tudumesrndaiinatinmsswisdwinanuastimiinuiaesiung) nud luynnssuisdenuuansdg
fusghaiifoddnBonsadanissiunndetu 99% winusdomailasuuaanuaen LED dunstindu fdnsly
nsavauTanaffiansi iy 16.60 setsamnio wisumdomedldsunaminuaoa LED fdu S8nslunisazan
Fanadl 1531 whavsdewaiildsuuaminuaen LED dv1 fdmsilunsazandnnad 13.04 wieugidomaiilsild
Suuanas d8nslunisavandaunail 1240 wiesdewadldfuuaduionnd f8nslunisavavdunad 11.70

WanuzowmAnlasuLaInuaon LED aund fdnsilunisazaudinutad 5.6 a1udsiu (Table 1)

Figure 1 Appearance of tomato seedling after 5 days under 6 different lights treated; a) No light (dark), b)
room light, ) red LED, d) blue LED, e) white LED (day light) and f) red + blue LED ratio 1:1
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Table 1 Mean of germination percentage, germination index, first count, seedling length, seedling fresh weight, seedling dry weight and biomass index

with 6 treatments

The 7™ Day at first Seedling Seedling dry
% Germination Seedling Biomass
Treatment germination fresh weight weight
Germination Index length (cm.) index
(First count) (mg./plant) (mg./plant)
No light (dark) 70.67a 6.13a 26.33a 493 34.98a 2.69 12.40ab
Room Ught 64.00a 5.81a 21.33a 3.77 32.51a 2.61 11.70ab
Red-LED 16.00b 1.06b 3.33b 3.53 19.58b 3.24 5.60b
Blue-LED 76.00a 6.34a 21.67a 5.90 36.75a 2.26 15.31a
White-LED (Day light) 80.67a 6.15a 25.00a 4.30 37.27a 2.25 13.04a
red + blue LED ratio 1:1  78.00a 6.10a 22.67a 4.33 30.75a 1.79 16.60a
Mean 64.22 5.27 20.06 4.46 31.97 2.47 12.44
% C.V. 14.48 13.25 16.99 19.87 13.25 24.70 2351

Walues within a column followed by the same letter are not significantly different, ns= not significantly different, ** = significant at P<0.01
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PNNMSANYINITNAFDUDNTNAVBILES LED Aanseonvaaldnusifome wuin uae LED dnasonns
IWDNLATAMNIMVBIRUNET BN IUANILAIWRIRUNET uaslandliiliiudl LED Dunafindndunmaununasan
SITUWIA ANTNYVIWNTLAUAINTIUNTWATIAI o) VBINY vRanssumaUAsuuamisaisivne e udn
fududaugdawe Wurielidesnisuadunisen (Wien, 1997) usananaass wui wasanvaeald LED

ac

aunsansedunszuIumssenveaudausidomals WewSeuisuiuwdailalldunaduyn 9 nssuAsivinig
NARBY Larnud1 winuzdomeaimizaelfanimuas LED Auns damndnunsiiniadssiian Habuasdung
manisadastiunsruiunsieniiiauduiusulusiusunas Tlastan (phytochrom) Fadulusiufuunas
ol fuasdunsuazuasdiniu (red) uazuasdlnauns (far-red) mudidy Feftedidosnisuatlunissen
Fududedlsfunasdung frdurueuszinm 650-680 nm warlunsdifidniilifonisuas (uzideme) (e
ogluannilalusAusunasdunszdsudu farred fadunnueUszana 710-740 nm Fedanasodsnsinig
seniimnas dudsfunsdaaseilnlnsesluuuneia Ryu et al, 2012) uenanidanuin dundiisennneld
anmitlifiuas Fundrasidnvarludowndedn iosnldsuuadiifomendinissen dsdudadund
nranen asliasithduinruenaiu 450 nm waruasduasiifinnuenaduuas 660 wiluans uieldsu
wasdtnGuronasduadludadiulssana 75:25 (Wang et al., 2016) Feilauaenndaafun1snnaes na1ane
Fndruninanuaziminuisvestundmdsnisenaefidngegaild SunasdtnTusaruasdunsswiu
Wiy Jerico et al. (2016) wuth uasn LED Ahidu uarduns yilvidnsmssenveasdmiansoniiiae
Fsnnsvmaesnansuandliiiiuin mafiuuasdeng 9 aansafiununmvesiundild uaganansa
UszgnafldlaTuindu 4 wu Insmasm (2550) Iddinmsuszgndldvasn LED Auns+AnTu 90 % uaz 10 % .
ansntaslunisitmumuuiudensnldgeaninislivassgossaeuiuardofiusudedemnnt 2.5
wh werlumsidssiundmuadnluan mdasadedunan 120 fu vliunddhimdnanuazaugauinnd

o w v

FundiidssdnsuasainuasangoeLsaus ag1slivddy uarannndoatu eAmAuarans (2557) 1ifins
Uszgnd LED uumasiudauadlunismizideaiodogaauialuanimuasnidelngldnsuantuszmineii
Fu - Aues - Bum 3 annsadiusiuiugen anuen wasthvinanldd mavsavsauasane (2558) THuas LED
Tunnsasasunsesaivinvesinadasalenluaninlsadeuldmluanmilduasiiniuuazdunssaui
uenIINT Xiao-Xue Fan et al. (2013) yimsAnvmaaiapiviavesiuseuzdomaivgnaigliuasiionan
nTomdsuamaniuszninsdunuazdiniu nuinfinnuduuas sewing 300-550 lalasluadennsnaiunsse
Aufidualiintngn dndnui dukugudnasuesdduuzdamanay health index S8nsmaivlafidun
wazfinnad 300-450 lalasluasensiamsiodnil sxldunamnumuveslugeiianuazdnsinsdansies
Feuasifigaiiauiduuas 300 llasluadenmaunsdedui Snvemuin maasyivlavesuinniavey
aeluaniion nanduns-Aiiiu-denn S andmdnuts sUssedu & anuvuazeaunsouves
fnnaffian uaziiteiausuuriinsmuaumte madureadlinssiunnudosnsvesivd @y fannisiaun
szuumUALazNsTauasifianuazBoauariaudngenamnssunisinunsifinunnsely (Fan et al,

2013)
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MNMsAnIMInaeUBYENaTeuas LED semsenvesiudanzifema wui winuzdemailasy
uasInvaen LED 917 uagdiniu funliidwariequnimesiuniuzidemasiufifign uazmsliuasianiy
sewhedifuuaring vdamssen silimsazaunaiinmgeiian Sddeyadindansailuuszgndtuns
wanndiniinduldlaeidenldndunaiivanzaudensdaasunnaiapduln e lilddund iifnunmuas
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Pineapple drying using a solar dryer combined with infrared radiation

controlled by the Internet of Things
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Abstract
The research aims to study drying techniques for Tha Uthen pineapples, a locally renowned

fruit from the Tha Uthen district in Nakhon Phanom province, by using a combined drying method
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integrating solar and infrared energy. This method was controlled by a fan moisture extraction system
through the Internet of Things (IoT). The experimental procedure involved solar drying from 8:00 AM to
5:00 PM. During the solar drying process, solar energy was captured by solar cells and stored as electrical
energy for use in infrared (IR) drying techniques at night from 6:00 PM to 8:00 PM. The results showed
that the drying process controlled by the loT system promoted a higher temperature in the drying
chamber compared to the uncontrolled system. Additionally, the use of infrared in conjunction with
solar drying helped increase the drying rate and reduce the drying time significantly.

Keywords: Solar drying, Tha Uthen Pineapple, Hybrid drying, Internet of things (IOT)
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Figure 1 Infrared-assisted hybrid solar dryer

Table 1 Detailed description of the experimental tools used for the infrared-assisted hybrid solar

dryer

No. Equipment Name Usage Details

1 Structure of the drying machine To determine the shape and size of the drying machine

2 Tray To receive solar radiation to enhance the drying process

3 12-volt fan To absorb moisture from the drying machine

4 100-watt infrared lamp To increase the heat in the drying process

5  30-watt solar cell panel To store solar energy and convert it into electricity

6  Control box To store energy in batteries and control the fan's operation
7 Wheel For mobility
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Figure 1 Control system diagram for turning the fan on and off during drying
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Figure 2 Diagram of the infrared-assisted hybrid solar dryer
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