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Development of controlled environment greenhouse increases organic
vegetable yield
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ABSTRACT: A study of suitable greenhouses for growing organic vegetables to increase organic vegetable yields for
community enterprises. The experimental site located at Ban Thung Yao Pattana Organic Agriculture Community
Enterprise, Khok Muang Sub-district, Khao Chaison District, Phatthalung Province. An experimental design of a high-
arch type greenhouse dimension was 4 m width, 9 m length and a height of 3.7 m and used the Internet of Things
system to control water supply and air humidity. Irrigation using mini sprinklers was applied over the vegetable
canopy. Increasing humidity and reducing air temperature inside the greenhouse using mist spraying installed above
the vegetable tray. The results of organic vegetables (green oak lettuce, kale shiitake and Chinese cabbage) grown
under the control greenhouse found that the average plant height was 20.18, 38.02, and 35.18 cm, respectively. The
average canopy width was 30.31, 39.54, and 40.10 cm, respectively. The average number of leaves was 18.09, 7.06,
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and 14.69 leaves, respectively, and the average fresh weight per plant was 121.08, 128.51, and 198.07 g, respectively,
which were higher than those grown in traditional greenhouses without environmental control systems. The average
fresh weight per plant was significantly different (P<0.05). Relative humidity and soil moisture which monitor and
control with mobile application were important factors in reducing time consumption for the farmer. The use of
mist spraying systems and irrigation during the daytime were factors that promoted plant growth of the three organic
vegetables.

Keywords: organic vegetable; greenhouse; I0T; community enterprise
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Figure 1 Photograph of the conventional greenhouse (a) and high-tunnel equipped with loT greenhouse (b)
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Figure 2 Flowchart of Temperature control in IoT greenhouse
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Figure 3 Flowchart of air humidity control in loT greenhouse

FumeumsugndinduvisluszuulsaFay

vhnsUgninduvislussuilsadeuta 2 uuu lutafeunqumauiafounsngia we. 2565 Tnaugninlunssusdgn
Finfiunandne 60 . &M 200 aw. B0 30 w1, Sy 14 nszugluusaslsaSeulgnin $1uu 3 wla loud 1) dmaveusiern
adn (ugndulde) 2) dnazi (ugiieves) uae 3) fnnevn Gugvlugiu) Taefiduseumsugn dausnswosfuignlu
nszurUgn defldunanesiulgnluseuusn wisuAuugninadn Tneldfunauduleduvsd ICOFS Gam uazanz, 2562)
gnsndu 1: 1 Inevhmsuwdnduliluam 1 deunewdgniinada seuaes wisuulgninaztidiavey neldAudnannisgn
Anadevinmsiiiy Jeduvidd ICORS S 15 Alandusionszusign sevam wisuAugninnawn TngldAufuainmsdgn
Anpztfiavesvimaii JeBuvid ICOFIS dnu 15 Alandusenszuzdgn

dundfinglunmangu Wesund iinilony 21 Jundamziuda SeugnasiuiivFenly Tngldszesugn 20 x 20 o

(Uszana 32 siusionsyuzgn) msbiuvesdinduridnuanlussuulsasounsiazuuy Inalsaseunall (aaiuaw) ssuunishin

v v
v ° [

AIBNNTIAUIRILENEENIABLIINUNEATNT TUay 2 AT 15U50UAIUANANTLINABNEALLNR (Yanaae) Aadessuuliuiwuy

a

ffladsunaes mslesiumdnlsruasuuameaindursgnugnlussuulsassunsaeauumueimsinuluiied nivgnaensly
anstdinu loun wenleslawesin wandeuueilSeudadaiionunslsaiiy
LA v
mstuiindaya
1. ivdayanniesesiuiindeyasmluifiielduudanad wiumsdamsuuasin liun anududumivsiuanme gamgd

1M ANUTULLRUY

v a

2. Uszilunsiasaiiulauasnandnindunidnugnangldseuulsaoumunuanmuing sud aluiuaslsaseuuuy

v
2

NI v‘imﬁﬁusﬁa;&aﬂﬁl,ﬁiy@uimLLaswamammﬁﬂaumam 3 wiln Wedndengasu 21, 28, 35, way 42 Ju PEzdn oy

o v o

@ 1 U 1 o 1 =~ o @ ¥ 5 ¥ 1 = 1 ¥ L2
FUNUAIDYWNNNIUIUY 15 G]UG]?JﬂS%‘U%‘UQﬂ MU 14 nTEUzsolITau MNINUVBUANIVIUA 210 Ausplsaseu lnaunazauin



ununws 52 atiufl 1: 75-88 (2567)./doi:10.14456/kaj.2024.6. 80

- gy Wneruludrinnnlauduaufisuanesen

=

- anunenssa Taedeanuaneludumildugdniuludumiaienign
- iy duewzluninsesgiuladun weenedunuesiidaiale
- uieranan (42 Tundaneudn) Sufiniwinan

iteyansasaLavlakasiandnvesindunidusiazvliaivanlussuulsausouns 2 wuu JinsieniiuTeuiiey

U o

(%

Aadevnsadfise 35 independent sample T-test fiszdiupanadoiiu 95 % lneldlusunsuinseinieadn SPSS

3. Yuiinmmeamgilulsaseulaendesningnnainuieu Thermal Image camera (Testo 883, Testo SE & Co. KGaA)

4. Uspifiuanuduauaskanouunuanmslilsadeuifisuumuauanimuindeusnluifuisuisuiulsueu
vl Inemstufindeyadunumskdninuagselfamssminedndunid ileninseinuduawaznanauuny Joyad
tufinUsznause Funuiuuys dunuasi warsoldans weldlunmsussliuaududuaskanouunuannsldlsaioudd
sruumuAusIluTRSsufisudulsadouily auges s 9 il

4.1 fumuiavan (Total Cost) = Fuyuiuuds + Fuyuasi

Aunuiuds taun arussnulunssuiunisudadnlulsasoudazuuu Ardanlunisugndn @undidn dde

Aulgn ans¥asioue) wazAaY q 1wy A Alih Asunediin

Funuasit Tiud suyulsaFourily wasdunuenlsifeunuauanmndey

4.2 91elaans (:gldanisdmiienaniniaoiun) = USunamandnin x 510 WaNEs

v
a £% o

4.3 A manauwnu (lsans) = selaans - duyumaue
NaNISANEN
n1sERNLULTTUUAILANANMWIndasuazmsliuAdnSuvsluTsaFeu loT
nsfnmatoyaanmuandeululsadou loT sumsnsaindedumesiagumgiionia anududuivslueinie
ARy SvuslianinsauansArunsdense cloud server dedayauansuuuuansinumeuaundiady blynk uaz
mnﬁﬂzgmmsﬁlam'aﬁ’aumunmﬁuma%Lﬁmmmmﬁmmwﬂ’agam'm‘mﬁma HMI ﬁlﬁmﬁgwuﬁj’ﬂwﬂulé’ (Figure 4)
nstfufinamnsvinuresssuusiuazenihuazssuusmmionsajudedfausaunas Siufeuiisusswinaning ese

1Y a ' '

waznmaedunsauansseavgumgilulsaieou lnefidunis M3 M4 uag M5 dsgduamumalodsyning 32-34 a3
walgya YuzNgumiilavdinnlsuTeuligamgioniagainndt 35 asrnvaidea (Figure 5a) JUlUUNITangumgiily
lsaSeuniuiinnasamenndunise LansseaugangioniaannisiainuaressiwasiidaUsunaamiensanunson

i (Figure 5b)

Figure 4 Monitoring loT environmental sensors monitor using Blynk application (a) loT sensors status show on HMI

displayed(b)



KHON KAEN AGRICULTURE JOURNAL 52 (1): 75-88 (2024)./d0i:10.14456/kaj.2024.6. 81

500 °C
500

450

229°C

424 °C

40,0

Figure 5 Infrared images of the conventional greenhouse (a) and the greenhouse with a mist sprayer and mini

sprinkler irrigation system (b)
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Figure 6 Growth development of Green Oak Lettuce in a conventional greenhouse (a) and 10T greenhouse (b)

harvested 4 weeks after transplanting
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agelivydAyNINanAiniy 198.07 nu (Table 1)

Table 1 Growth of Green Oak Lettuce, Chinese Kale and Chinese cabbage at harvesting period in both

conventional and loT greenhouses

Green Oak Lettuce

Greenhouse plant height (cm) canopy width (cm) number of leaves fresh weight (g)
conventional 16.76+1.85 25.36+3.15 15.42+8.59 69.20+21.91
loT 20.18+2.02 30.31+3.18 18.09+3.60 121.08+29.29
T-test ns * ns *
Chinese Kale
Greenhouse plant height (cm) canopy width (cm) number of leaves fresh weight (g)
conventional 35.80+£5.56 35.38+6.62 7.28+1.14 111.25+42.22
loT 38.02+5.91 39.54+8.59 7.06+1.20 128.51+62.44
T-test ns * ns *
Chinese cabbage
Greenhouse plant height (cm) canopy width (cm) number of leaves fresh weight (g)
conventional 26.56+5.13 34.11+6.19 13.68+2.82 133.64+55.34
loT 35.18+5.07 40.10+6.05 14.69+2.47 198.07+74.32
T-test ns ns ns *

ns, not significantly different (P>0.05), * significant different (P<0.05)

nmsnaansgniniia 3 vl Idun dnadn dnasth wasdnnia luszesia 3 Wou wuimsdgndnlulsaieu
loT ansaaseseldvitdu 17,018 Um (68,072 vmsieseud) Fainndsieldainnisgainlulsadewialy wirdu
12,677.5 U (50,708 U misiad) (Table 2) 3nMIAuARanauwny (lsans) seseulnisudndn wud nsugndnlu
TsaSouiily drnlsgns windy 18,927 um wazlinurilsandvesnisugninlulsadey oT Tuseudusn Tnedidviniy

-38,928 U (Table 3)
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Table 2 Yield, income and vegetable price from conventional and loT greenhouse

Conventional Price
loT greenhouse Total

greenhouse

Vegetable
Fresh weight Income Fresh weight Income Fresh Income Baht/Kg
(kg m? (Baht) (kg m?) (Baht)  weight (kg)  (Baht)

Green Oak 33.85 5,077.5 51.12 7,668 84.97 12,745.5 150
Lettuce
Chinese Kale 46.00 4,600 53.00 5,300 99.00 9,900 100
Chinese cabbage 60.00 3,000 81.00 4,050 141.00 7,050 50
Total 139.85 12,677.5 185.12 17,018 324.97 29,695.5

* Fresh weight yield calculate from planting area (16.8 m?)
PNMsMUIMSEEziaIAuueInsUgndnlulsatou M 2 wuu wud msvgndnlulseSeuialy avldszesviom
Aunu 0.63 U uaznisaninlulsaseu loT agldsseviianAuyu 1.79 U 49310 Table 3 agwudn Wevgndnlulsaseu loT

YoeUN 2 aglselaans winfu 53,116 v Fanninlsaseuinly wirdu 34,927 um

Table 3 Cost-benefit analysis of vegetable production using conventional and loT greenhouse

Cost-benefit analysis

List

Conventional loT Greenhouse
greenhouse (Baht) (Baht)
(1)  Fixed cost 16,000 107,000
(2)  Variable cost 15,781 14,956
(3) Total cost = (1) + (2) 31,781 121,956
(4)  Income from 3 vegetable/crop* 12,677 17,018
(5)  Annual income (Yearly) = (4) x 4 50,708 68,072
(6) Netincome at 1% year = (5) - (3) 18,927 -38,928
(7)  Net income at 2™ year = (5) - (2) 34,927 53,116
(8)  Net income at 3 year = (5) - (2) 34,927 53,116
(9) Netincome at 4 = (5) - (2) 34,927 53,116
(10) Netincome at 5 = (5) - (2) 34,927 53,116
(11)  Total income at 5 year = (6)+(7)+(8)+(9)+(10) 158,635 173,536
(12)  Payback period = (3)/(5) 0.63 Year 1.79 Year
(7.52 Month) (21.50 Month)

*Crop production calculate at 3 month/crop
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