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ABSTRACT

We purpose an aeroponic tower system for planting vegetable. The tower
consist of a cylindrical tube with artificial lighting (LED). The water system spray fertilizer
directly to plant’s root. The tower has 4 automatically control systems included 1)
aeroponic system control water cycle for fertilizer spraying. 2) control of artificial
lighting 3) maintain concentration of 1000 Msec/cm? of fertilizer and pH equal to 6. 4)
control rotation speed of 0.1 rpm. Data was sent via internet to Blynk application in
smart phone. Experiment conducted to observe the growing of kale in aeroponic tower
in plant factory which expose to PPFD of 132,231.42 Mmol/m? per day and in
hydroponic system in greenhouse of 67,739.57 mol/m? per day. It was found that
kale planted in aeroponic tower was larger than kale planted in greenhouse. The

aeroponic tower with artificial lighting consumedw 3 units of electricity.

Keywords: Artificial lighting Aeroponic tower Photosynthetic Photon Flux Density
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2.3.1 an15d WA (Electrical Conductivity : EC)
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anmAndunans (Neutral) mnederidunsasng (oH) Wiy 7

A1 pH Y89815aEANY517 8IS Lﬁuﬁaaﬁ’aﬁﬁﬁmasmwﬁﬂumsﬂqm?;mﬁ% Wy
Fududosgatusinermseilulusuiielivselovilunsiesyivln liiasazaiesy
gwnsagRundiede fvferuasydulalifvinfinns enaddemsuiileanain pH ﬁgw%a
AnAuly fvazgadnsinemisvan wazsinemissesliundfseidle pH vesasazatesy
ovnsegluriiivanzay

MsUsupHYBsasazaes e v slvedlurisiimanzay nafe Tur296.0836.5
vnaansanuauapH leedsmiiae agiilviaiauavlaldd insgfvdndngjvou

aa <, & v Y o 7 o g v oA vy
d15araneniANUUUNTALENUDEY LLa%iﬂGlrlﬂ'g']uuiﬂgﬂ/l'ﬂﬂwmaﬂﬂiqﬂLu’]VL@I

2.4 uaaUszhvg (Artificial light)

uvdsnasTiAnanayudaine e lilsdnuasuasinssmuaudesnsldom amise
AauAula
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Chlorophyll a

Chlorophyll b

— Carotenoids

Amount of light absorbed

Wavelength of light (nm)
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PAR %30 Photosynthetically Active Radiation fi® A1v8kaslu29 400 — 700
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PPFD %38 Photosynthetic Photon Flux Density Judsunamduwindnlniild
Tunsyuaunsadeemnsvesin wazléin PAR fimnnsevuiusiuiivly 1 Sundidhe fmihedu
micromoles/ManT/Auil Faiosnaindiioiuasan Arificial light AsauAguiuivils
ABALAIVDIAUTNY Anidsafimuddey Weswmndesiansaniteniseonuuuszuuuaaing

IaseuAquavvavauiuivnUgnme


https://www.aee-growlight.com/led-grow-light/

2.5 Internet of Things
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Hobie Internet of things ot onected o¥
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M2 & wireless o
lensor network (,r(\fllAJJ I&uj: .5-4// homes & cities Telemedicine & helthcare

M 1 Internet of Things
f"lu‘l: The Power of Us

Seeking to Bring Customized Education to the Children of America, 2016
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i - https://stri.cmnu.ac.th/article detail.php?id=78
Internet of Things %38 loT Aeauannsalunsiieusogunsalfinarnuaneitiu
Sumedildn Insuszgndldamivarnuatoayninewing lassuuuunindensegunsal
Wugesa Whduumeside ssdelianunsansaaiadeyalivainlsenn wazaaeli

v a

annsnthdeyawaiuininsgilaruansmanuunsmiindietislunisiadulald wWeth
szUURIng NNy S2UU Big Data avtheliaunsaiinszideyaifinnududeu 1
FIWIUUIN kay TumnNIal (real-time)

N13LNBATUUUET (Precision Farming) N15INEATIIUET 91A8N1T1IN9IUTINAUYDY
sruudulgesitineutu Usinnmasan gumad syuu grudoyadis wasssuuli Uiy
USunauas uazszuuliugangll fihauaenndesiuidiieainsaning uwindeuilvnzause
nsaTAvinvesiivanniign uasuaugiiian szuudindiauanainazdasly tnunsns
Uszndanaglimineinsivinisndu Sseheliinwnsnsamsalssnnanstisianiuie
wavUSinaitvnaiiazledneg
2.5.1 Node MCU ESP8266

Node MCU Aeunasvesumilsluszuy loT Usznoufefuedn, sovlduasuuuein
ansadeulusunsusneniu Lau wagluga WiFi (ESP8266) vimihiivihilunsidexsiody

Sumnosiia



Ul 2.4 Node MCU ESP8266
- http://www.ayarafun.com/2015/08/introduction-arduino-esp8266-
nodemcu/
2.5.2 EC \wuLa’
wuwesitlilunisnnaindinsilinessazaigsinemsfiedluth dsazuans

ANeanUN UM aATIUA(MS/cm)

Uil 2.5 EC 1uives

i - https://www.myarduino.net/product/2421/ec-sensor-arduino

2.5.3 pH wwulwas
¢ oo v [ a %
wuwasnldnsiainusualalasaulessuluasazaiusinemis waiuuasesnun

I3 i Y s | Y
LUU?‘an G]TU'ENL‘Uum@i‘i]%@%ﬂﬂaqﬂﬁaaﬂl,mj

Uil 2.6 pH \wues

U1 : http//www.twellwishes.com/ph-meter/ph-meter.html



http://www.ayarafun.com/2015/08/introduction-arduino-esp8266-nodemcu/
http://www.ayarafun.com/2015/08/introduction-arduino-esp8266-nodemcu/
https://www.myarduino.net/product/2421/ec-sensor-arduino
http://www.twellwishes.com/ph-meter/ph-meter.html

2.5.4 Blynk
Blynk tJunnannesufioonuuuuieseasuinu loT Masviligunsalseaune
dhuszuuuduwmesids aunsamuaunsiuresgUnsalinszeslnai uwennalady

vulnsdng desrusznavdrdny 3 d@au laun Blynk Application, Blynk Server, Blynk Library

gy

Blynk Server <

Blynkapp O == Blynk Libraries

(O Internet Access of your choice
Ethemet, Wi-Fi, 3G ...

Ul 2.7 m3vheuves Blynk

i - https://blog.thaieasyelec.com/getting-started-iot-with-blynk/



https://blog.thaieasyelec.com/getting-started-iot-with-blynk/
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o 13 v A
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ERRIGREE

&3

JUT 3.1 uananw 3 TAveunsasdgniniuinsluaiusoumeuaiuseiivg
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3.2 szuuAduAaAsasUgninuuInsluassaumeaIUsEAYg

&9
wisesUgninuuinasluaiiseumeunasUsvivg Usenauluing 4 dauvan laun 1) 9

AIUANTEUUERLULR 2) nslvidnfivwuy Aeroponic 3) Mshvikaiunae Artificial light wag

4) YANBLMBINIU TPUUTBAATRIUGNENUUIRTIUATITBUMIELANUTAYTITUARIRITUN 3.4

[

Tnelisneazdanaa

JUT 3.4 uananmdiulszneuveaasesugninuuinsluaiisaumeuaiUseivg

£

3.2.1 YAAIUANTEUUINLULIGR

1AEEUUAIUALTINNAILANLTALARIHARAL ALK Blynk Application wanssiagy
1 3.5 agUsznauluaay 5 dau laun 1) druvesnsdsnule - Yaduaiusd vasal LED
LazNeLMBT MY 2) drunansn1n1sawaain1silde - Iaduasd lnenisdiudreaziiu

szoznatlunsiatuaiusduazeurinaziduszezinarlunistatuaidsyd 3) nsvlnans
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1932519811115 EC (Electrical Conductivity) Wazf1 pH 4) uaninaa pH uag EC 5) d1u

Y93M138991TUA - Un pH wag EC Aauanaguin 3.6

il TogatherStaySaie! 4G 10:30 7 w80 -

%! AeroponicTower - [=} [

Neutral |

pH

EC -

Light ]

Pump

Phase via
COMMON
TERMINAL

-

dedyanadunasiin

y <

31]17; 3.5 52UUN1TYI9IUVR4 Blynk Application

Blynk Application

o2 TRUE-H WIFI & 10:09 @us57%m

= AeroponicTower = 0

PUMP SPRAYGR. waanHLED & R Sy

0_

“,'/ N\ Ny ‘
( OFFsa / @ OFF )
A 1 { C 7 A" 1489us/M _a

a_

TIMEISEC) ON PUMP SPRAY TIME(SEQ) OFF PUMP SPRAY
_— — —

- BGQSEC | | e ]8@@3@ s s Tunz iJuA ijeB

°

EC P WATER /' £ E \
| OFF \ OFF ) OFf
\ y

0500 0600 0700 0800

Live 15m 1t & 1d 1w 1M

Ul 3.6 uananinmthae Blynk Application
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3.2.2 NMSWUINYLUU Aeroponic
wsesUaninuwlnsluasisaudslasUssivgasiigunsainisiunfivuuy Aeroponic

Fadunswunesviserunuen davuasazaesinemnsiunsnivlaenss

3.2.3 MsALEINYA28 Artificial light

Artificial light nTeuaslsedvg luszuuveunIasgnidnuuinluasisounguas

Usehvglaglduasanuasnlvl LED 19 Jnd 220 Tiad 91uiu 6 viaoalunslilaswnig

3.2.4 YAUDLADTNYU
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3 : 2 QIO ¢ > U ;
ANUnIwedly wagdnuly Wusiy isasiiuraneaninng 3 Tu vidlulsaseaunas Plant

factory

3.4 mMswssuiisunaainulasulu Greenhouse uu Hydroponic waz Tu
Plant factory Inal4 Aeroponic tower
finfiugnieimsesgninunilunsieusouamsyavgiinisliuasannmaonl LED

(% '
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wazinivgnlulssSouldsunainasending fadusidsldiaies Spectrometers Yaruas
WiawFeufeuuasiifialdsusewinadio Plant factory warlulsadou Taelu Plant factory 9
Jathiaios Spectrometers 2sliduniaiunasnudnaiann 30 Ju1i aulATowmsLAT
1 wagtd ounuiiviuvdsvugedsiiundsanean uaglulsudouasifunad u

6.00 - 18.00 w.
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;J‘Uﬁ 3.7 1A3es Spectrometers

(n) (v)

sUfl 3.9 shogauaiinlulsaeu (n) waglu Plant factory (@)
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3.5 NI13ATISUNINATYIAEAI

MIBATIMLAsYgaansvatasesUaninuuAtluaiisaumenaUsshvg 1unis

<9

TaszvinuuasesUgninuunsluaiTaumswaseivg 91989 nieiiugn

HONTINVNUA = SIATBOARN + T1AIEIAY + 51ATU
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. L sunueses(um)
SYYLLIMAUNY (AFY) =

frlssonse(um)

srggiimAuL (U) = T1UIUATY x IUIUTURBASY
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4.1 Wan1sNUAT PPFD Ausasiifinadanisiadeyidulnaasiie
91nmafiudr PPFD luanmzwindennisugndiuiu 2 ums Aelu Plant factory 7

a s

a1115039A7 PPFD leanuaslseiws u3eainuasn LED wazly Greenhouse Tafuasla

<3

PNUEIINADITNG
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50U Tu Plant factory muauiunlanslaviady 734.619 dmol/m? dedulunileiuivay
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lpSundanuuauniu 132,231.42 Pmol/m? wagdngui 4.2 anuduiusseninagiaia
w997uiuA1 PPFD Tu Greenhouse Tunil 4T uiivazlasuna1nulasann1saIui uils
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4.4 JATIRAMUANYUNIUATEFAERNS
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a1519fl N1 wan153nA1 PPFD vasuaswasnlil LED Tu Plant factory

a0 A1 PPFD
(u) (Mmol/m?¥/s)
30 2.985
60 1.503
90 37.4
120 100.4
150 154.4
180 190
210 211
240 207
270 195
300 170
330 120
360 63.06
390 14.81
420 1.674
450 2.987

480 2.985
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A15199 N2 WAN1SIAAN PPFD 9895a391n9198190¢8 Tu Greenhouse

AN A1 PPFD (tmol/m%/s)

(W) 3/9/2564 3/10/2564 3/11/2564 average
6.30 10.24 17.86 7.445 11.8
7.00 50.12 49.78 52.08 50.7
7.30 112 110.7 113 111.9
8.00 275 281.7 222.6 259.8
8.30 340 354.3 375.9 356.7
9.00 1108 480.8 526.2 705.0
9.30 1197 552.2 603.8 784.3
10.00 1150 484.4 833.5 822.6
10.30 1133 821.8 836.7 930.5
11.00 523 555.3 458.1 512.1
11.30 456 1099 1084 879.7
12.00 230 1155 1205 863.3
12.30 341.4 123.4 1215 559.9
13.00 423.2 5159 367.3 4355
13.30 412.3 1107 1015 844.8
14.00 387 818.4 945.6 717.0
14.30 681.6 545.4 662.5 629.8
15.00 522.5 918.5 610.3 683.8
15.30 387 375 435 399.0
16.00 681.6 589.3 566 612.3
16.30 322 39.79 211 190.9
17.00 226.7 134.2 162 174.3
17.30 102.3 99.24 89 96.8
18.00 31.45 66.35 71.2 56.3

18.30 7.66 7.082 6.33 7.0
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AMANUIN U

NaN1SNUTBYaNISRS AUl InAaTEINeN15UgNeIe Aeroponic tower lu

Plant factory AU miUQﬂéhﬁJizUU Hydroponic 1 Greenhouse
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M1519% ¥1 HanssyAulavesinieg (atiuns) Jun 20/2/2021 agin 5 Ju

Plant factory Greenhouse
. e e dwau ., M e wuly

i Tudes Tuess  Tuess A Tudes  Tuess 0N

1 N/A N/A N/A N/A 1.00 8.75 N/A N/A

2 N/A N/A N/A N/A 0.95 9.15 N/A N/A

3 N/A N/A N/A N/A 0.90 10.25 N/A N/A

4 N/A N/A N/A N/A 0.75 9.10 N/A N/A

5 N/A N/A N/A N/A 0.90 8.55 N/A N/A

6 N/A N/A N/A N/A 0.75 8.60 N/A N/A

7 N/A N/A N/A N/A 0.75 8.05 N/A N/A

8 N/A N/A N/A N/A 1.10 11.10 N/A N/A

9 N/A N/A N/A N/A 0.95 9.55 N/A N/A

10 N/A N/A N/A N/A 1.00 9.90 N/A N/A

11 N/A N/A N/A N/A 1.10 11.60 N/A N/A

12 N/A N/A N/A N/A 1.10 7.95 N/A N/A
13 N/A N/A N/A N/A
14 N/A N/A N/A N/A
15 N/A N/A N/A N/A

Average N/A N/A N/A N/A N/A N/A N/A N/A

Standard N/A N/A N/A N/A N/A N/A N/A N/A

deviation
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A1519% V2 HansisyAulavesinieg (latiuns) Jun 23/2/2021 engin 8 Ju

Plant factory Greenhouse
. e e dwau ., M e wuly
i Tudes Tuess  Tuess A Tudes  Tuess 0N
1 1.00 6.10 N/A N/A 1.00 8.10 N/A N/A
2 0.95 10.50 N/A N/A 1.10 9.15 N/A N/A
3 0.80 9.65 N/A N/A 0.95 1040 N/A N/A
4 0.95 9.25 N/A N/A 1.20 11.15 2.15 1
5 1.20 8.30 N/A N/A 1.40 10.30 2.40 1
6 1.00 7.95 N/A N/A 0.90 8.95 3.10 1
7 1.00 9.10 N/A N/A N/A N/A N/A N/A
8 1.05 9.65 N/A N/A 1.00 12.30 3.15 1
9 1.15 9.20 N/A N/A 1.00 9.80 2.20 1
10 1.05 9.90 N/A N/A 0.95 9.95 3.60 1
11 0.95 6.95 N/A N/A 1.00 11.00 3.65 1
12 0.80 5.50 N/A N/A 0.95 9.85 N/A N/A
13 1.00 8.45 N/A N/A
14 1.10 8.00 N/A N/A
15 1.05 9.70 N/A N/A
Average 1.00 8.50 N/A N/A 1.04  10.09 2.89 1.00
Standard 0.11 1.58 N/A N/A 0.14 1.15 0.64 0.00

deviation
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M1519% U3 HanssAulavesinieg (atiuns) Tuhl 26/2/2021 angiin 11 Tu

Plant factory Greenhouse
. e e dwau ., M e wuly
i Tudes Tuess  Tuess A Tudes  Tuess 0N
1 1.10 12.20 1.45 1 1.30 7.40 0 0
2 1.35 16.30 5.50 2 1.30 9.20 2.65 1
3 1.15 11.10 4.00 1 1.35 10.00 1.30 2
4 1.20 13.30 4.00 1 N/A N/A N/A N/A
5 1.60 12.20 2.75 1 1.25 5.60 3.2 1
6 1.35 11.60 2.30 1 N/A N/A N/A N/A
7 1.25 14.10 2.80 1 N/A N/A N/A N/A
8 1.25 14.80 2.20 1 1.10 10.75 4.30 2
9 1.30 15.70 9.85 2 1.80 7.30 0.00 0
10 1.35 13.50 2.90 1 1.40 11.20 4.70 2
11 1.40 11.90 2.40 1 1.20 11.75 3.30 1
12 1.50 9.20 2.20 1 1.45 7.30 6.50 1
13 1.50 11.20 2.90 1
14 1.20 14.25 1.80 1
15 1.35 14.70 2.00 1
Average 1.32 12.99 3.27 1.17 1.35 8.94 2.88 1.11
Standard 0.14 2.03 2.09 0.39 0.20 2.13 2.18 0.78

deviation




A1519% ¥4 HanssAulavesinieg (adiuns) Tuil 01/3/2021 angiin 14 Tu

31

Plant factory Greenhouse
. AN AT U _oame e waulu

i Tudes Tuess  Tuess A Tudes  Tuess 0N

1 0.95 1395 1250 2 0.75 7.00 4.45 1

2 1.30 17.70  11.00 1 1.10 8.90 0.00 0

3 1.35 1730 15.30 2 0.95 1.05 3.05 1

4 1.40 14.45 13.30 2 N/A N/A N/A N/A

5 1.20 15.90 9.75 2 1.30 8.35 0.00 0

6 1.35 13.00 12.10 2 N/A N/A N/A N/A

7 1.45 1570 10.40 2 N/A N/A N/A N/A

8 1.05 1745 11.10 2 095 1250 6.85 2

9 0.15 16.00  15.15 2 1.15 9.40 4.30 1

10 1.40 16.90  10.70 2 1.30 11.60 7.20 2

11 1.10 12.00  10.50 2 1.35 11.80 6.70 2

12 1.10 10.60 8.75 2 0.95 8.00 0.00 0
13 1.30 15.55 9.95 2
14 1.50 19.45  13.70 2
15 1.35 17.6 7.45 1

Average 1.20 15.08 11.44 1.92 1.09 8.73 3.62 1.00

Standard 0.33 2.30 2.23 0.29 0.20 3.45 3.03 0.87

deviation
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M1519% V5 HanssAulavesinieg (atiuns) Tuil 04/3/2021 angiin 17 Tu

Plant factory Greenhouse
. e e dwau ., M e wuly
AR » aAu »
Tudes  Tuass  Tuass Tudss  Tuasa 0N
1 1.3 13.55 17.2 2 1.1 4.6 3.7 2
2 1.25 18.8 24.65 2 1.4 6.7 2.5 2
3 1.4 18.2 25.5 2 1.7 10.3 2.7 1
4 1.45 14.65 23.2 2 N/A N/A N/A N/A
5 1.3 17.1 17.25 3 N/A N/A N/A N/A
6 1.25 11.3 13.65 3 N/A N/A N/A N/A
7 1.5 18.3 19.8 2 N/A N/A N/A N/A
8 1.4 175 21.4 2 1.7 11.6 6.4 2
9 1.5 17.1 29.6 4 N/A N/A N/A N/A
10 1.3 17.6 19.5 2 1.3 1.5 7.1 2
11 1.3 13.8 14.3 2 1.4 6.5 0 0
12 1.2 11.4 18.4 2 1.9 7.3 2.85 2
13 1.4 16.1 20 2
14 1.45 20.2 24.5 3
15 1.55 22.1 18.7 3
Average 1.37 1578  20.51 2.33 1.50 6.93 3.61 1.57
Standard 0.11 2.71 4.35 0.65 0.28 3.38 2.44 0.79

deviation




A1519% V6 HansIsAUlavesiniAa (adiuns) Tuil 07/3/2021 angiin 20 Ju
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Plant factory Greenhouse
. e e dwau ., M e wuly
i Tudes Tuess  Tuess A Tudes  Tuess 0N
1 1.65 11.15 21.35 3 N/A N/A N/A N/A
2 N/A N/A N/A N/A 1.5 6.05 3.05 1
3 1.95 13.45 23.25 4 1.05 8.2 5.75 1
4 1.35 11.65 21.15 3 N/A N/A N/A N/A
5 1.65 15.85 20.45 5 N/A N/A N/A N/A
6 N/A N/A N/A N/A N/A N/A N/A N/A
7 1.65 15.05 19.25 q N/A N/A N/A N/A
8 1.35 15.25  20.45 q 1.55 10.15 6.45 2
9 1.35 14.25 21.7 q N/A N/A N/A N/A
10 2.05 14.75 19.05 3 1.15 11.85 6.65 2
11 1.5 13.35 19.35 4 N/A N/A N/A N/A
12 1.25 11.05 17.05 3 1.15 4.15 1.15 1
13 1.55 14.65 15.1 3
14 2.25 1745  27.25 q
15 1.35 15.6 21.45 4
Average 1.61 13.58  20.53 3.70 1.28 8.08 4.61 1.40
Standard 0.31 1.76 2.92 0.67 0.23 3.09 2.41 0.55

deviation




M1519% V7 HansisyAulavesinieg (adiuns) Tuhl 10/3/2021 angiin 23 Ju

34

Plant factory Greenhouse
. e e dwau ., M e wuly
i Tudes Tuess  Tuess A Tudes  Tuess 0N
1 1.5 12.8 31 3 1.3 13 159 3
2 N/A N/A N/A N/A N/A N/A N/A N/A
3 1.65 18.1 28.95 4 N/A N/A N/A N/A
4 1.4 no 21.5 3 N/A N/A N/A N/A
5 2 17.1 28.9 5 1.2 12.3 10.2 2
6 N/A N/A N/A N/A 1 10 7.2 1
7 1.65 16.2 28.3 4 N/A N/A N/A N/A
8 1.7 15.2 20 q N/A N/A N/A N/A
9 1.8 13.8 27.75 4 1.2 19.2 20 3
10 1.65 18.4 27 3 0.95 12.2 13.5 2
11 1.4 11.4 19.8 3 1.1 13.2 10.9 2
12 1.5 12 28.4 3 N/A N/A N/A N/A
13 2 15 22.8 3
14 2 20.2 28.95 q
15 1.6 22.3 28.8 4
Average 1.68 15.00  26.32 3.60 1.13 1332 1295 2.17
Standard 0.21 2.63 3.84 0.70 0.13 3.10 4.55 0.75

deviation
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A1519% U8 HanssyAulavesiniAa ((atiuns) Tuil 13/3/2021 angiin 26 Tu

Plant factory Greenhouse
. e e dwau ., M e wuly

i Tudes Tuess  Tuess A Tudes  Tuess 0N

1 1.4 14.4 34.2 4 1.4 13.7 12.5 3

2 N/A N/A N/A N/A N/A N/A N/A N/A

3 1.6 16.3 28.5 4 N/A N/A N/A N/A

4 1.3 no 22.7 3 N/A N/A N/A N/A

5 2.3 18.7 23.8 6 1.4 11.6 11.6 3

6 N/A N/A N/A N/A 1.4 10.2 8.7 2

7 1.2 13.5 27.7 q N/A N/A N/A N/A

8 1.6 13.3 23 q N/A N/A N/A N/A

9 1.6 N/A 28.6 5 1.6 16.2 21 3

10 1.95 17.3 29.1 q 16 11.7 15 3

11 1.7 N/A 28 4 2.3 N/A 11 3

12 1.6 7.5 27.8 3 N/A N/A N/A N/A
13 1.6 16.6 23 3
14 1.9 15.7 210.7 q
15 1.6 159 25.5 5

Average 1.64 14.43  26.51 4.10 1.62 1268 13.30 2.83

Standard 0.29 3.65 3.40 0.88 0.35 2.33 4.29 0.41

deviation
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M1519% V9 HanssAUlavesiniea ((atiuns) Tuhl 16/3/2021 angiin 29 Ju

Plant factory Greenhouse
3 agly At A ., e el auuly
i Foe luede  luede i Tudes  Tuess 0N
1 2.2 N/A 39.4 5 N/A N/A N/A N/A
2 N/A N/A N/A N/A N/A N/A N/A N/A
3 1.6 N/A 31.6 5 N/A N/A N/A N/A
4 1.6 N/A 23.2 4 N/A N/A N/A N/A
5 2.2 N/A 25 6 1.2 11.6 13.6 4
6 N/A N/A N/A N/A 1.3 9.4 11.1 2
7 1.6 N/A 28.8 5 N/A N/A N/A N/A
8 1.6 N/A 20.5 4 N/A N/A N/A N/A
9 1.6 N/A 29.6 5 1.9 19.5 25.8 4
10 2.2 N/A 35.4 5 1.6 11.3 11.9 4
11 19 N/A 19.8 4 1.4 N/A 14.2 3
12 1.8 N/A 28.8 4 N/A N/A N/A N/A
13 1.6 N/A 20.45 3
14 2.6 N/A 28.5 5
15 2.2 N/A 24.7 6
Average 1.90 N/A 27.37 4.70 1.48 1295 1532 3.40
Standard 0.34 N/A 5.92 0.67 0.28 4.47 5.99 0.89

deviation
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M1519% V10 NansaTeyiAulavednea aduns) Tui 19/3/2021 o1ern 32 Ju

Plant factory Greenhouse
3 aglu At A, adalu et dwaulu
i Foe luede  luede i Foe luede OER
1 3.05 N/A 41.05 6 N/A N/A N/A N/A
2 N/A N/A N/A N/A N/A N/A N/A N/A
3 3.45 N/A 35.05 7 N/A N/A N/A N/A
4 2.55 N/A 33.05 5 N/A N/A N/A N/A
5 N/A N/A N/A N/A 1.95 N/A 11.55 4
6 N/A N/A N/A N/A 1.35 N/A 9.55 2
7 3.25 N/A 35.35 6 N/A N/A N/A N/A
8 N/A N/A N/A N/A N/A N/A N/A N/A
9 3.35 N/A 37.05 7 N/A N/A N/A N/A
10 2.55 N/A 38.25 7 2.05 N/A 9.35 3
11 3.05 N/A 28.05 5 N/A N/A N/A N/A
12 N/A N/A N/A N/A N/A N/A N/A N/A
13 N/A N/A N/A N/A
14 3.05 N/A 42.25 7
15 N/A N/A N/A N/A
Average 3.04 N/A 36.26 6.14 1.78 N/A 10.15 3.00
Standard 0.34 N/A 4.53 0.90 0.38 N/A 1.22 1.00

deviation




M1519% V11 namsRTyiiulavedneg aduns) Tui 22/3/2021 o1gin 35 Ju

38

Plant factory Greenhouse
3 aglu At A, adalu et dwaulu
i Foe luede  luede i Foe luede OER
1 2.95 N/A 54.4 7 N/A N/A N/A N/A
2 N/A N/A N/A N/A N/A N/A N/A N/A
3 3.4 N/A 44.45 7 N/A N/A N/A N/A
4 2.9 N/A 45 6 N/A N/A N/A N/A
5 N/A N/A N/A N/A 1.2 N/A 20.7 5
6 N/A N/A N/A N/A 1 N/A 10.5 2
7 3.5 N/A 41.7 7 N/A N/A N/A N/A
8 N/A N/A N/A N/A N/A N/A N/A N/A
9 3 N/A 44.1 8 N/A N/A N/A N/A
10 3.1 N/A 46.1 7 1.2 N/A 18.7 3
11 3 N/A 33 6 N/A N/A N/A N/A
12 N/A N/A N/A N/A N/A N/A N/A N/A
13 N/A N/A N/A N/A
14 2.9 N/A 58.8 7
15 N/A N/A N/A N/A
Average 3.09 N/A 46.19 6.86 1.13 N/A 16.63 3.33
Standard 0.23 N/A 7.37 0.69 0.12 N/A 5.40 1.53

deviation
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A15199 V12 namsiasyiiulavesdneg aduns) Tui 25/3/2021 1gin 38 Ju

Plant factory Greenhouse
3 aglu At A, adalu et dwaulu
i Foe luede  luede i Foe luede OER
1 3.8 N/A 65.3 8 1 N/A 20.7 2
2 N/A N/A N/A N/A N/A N/A N/A N/A
3 3.8 N/A 55.4 9 N/A N/A N/A N/A
4 2.9 N/A 50 7 N/A N/A N/A N/A
5 2.1 N/A N/A 4 2.1 N/A 24.1 6
6 N/A N/A N/A N/A 1.2 N/A 20.5 3
7 4.5 N/A 50 8 N/A N/A N/A N/A
8 N/A N/A N/A N/A N/A N/A N/A N/A
9 3 N/A 60.22 9 N/A N/A N/A N/A
10 3 N/A 53.6 8 1.4 N/A 22 5
11 29 N/A 40.55 7 N/A N/A N/A N/A
12 N/A N/A N/A N/A N/A N/A N/A N/A
13 N/A N/A N/A N/A
14 6 N/A 69.1 7
15 N/A N/A N/A N/A
Average 3.56 N/A 55.52 7.50 1.43 N/A 21.83 4.00
Standard 1.15 N/A 9.19 1.60 0.48 N/A 1.66 1.83

deviation
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M15199 V13 nansaTyiulaveineg aduns) Tui 28/3/2021 o1gin 41 Ju

Plant factory Greenhouse
3 aglu At A, oty el dwuly

i Foe luede  luede A e OER OER

1 6.65 N/A 69.65 10 N/A N/A N/A N/A

2 N/A N/A N/A N/A N/A N/A N/A N/A

3 6.55 N/A 64.05 12 N/A N/A N/A N/A

4 6.05 N/A 52.35 9 N/A N/A N/A N/A

5 N/A N/A N/A N/A N/A N/A N/A N/A

6 N/A N/A N/A N/A N/A N/A N/A N/A

7 6.05 N/A 56.05 11 N/A N/A N/A N/A

8 N/A N/A N/A N/A N/A N/A N/A N/A

9 5.05 N/A 66.05 13 N/A N/A N/A N/A

10 4.55 N/A 55.35 11 N/A N/A N/A N/A

11 4.05 N/A 44.55 10 N/A N/A N/A N/A

12 N/A N/A N/A N/A N/A N/A N/A N/A
13 N/A N/A N/A N/A
14 6.35 N/A 64.55 10
15 N/A N/A N/A N/A

Average 5.66 N/A 59.08 10.86 N/A N/A N/A N/A

Standard 0.98 N/A 8.40 1.35 N/A N/A N/A N/A

deviation




a1

M1519% V14 namsRTyiiulaveineg aduns) Tui 31/3/2021 o1gin 44 Ju

Plant factory Greenhouse
3 aglu At A, oty el dwuly

i Foe luede  luede A e OER OER

1 6.4 N/A 74.6 10 N/A N/A N/A N/A

2 N/A N/A N/A N/A N/A N/A N/A N/A

3 7.3 N/A 54.3 13 N/A N/A N/A N/A

4 5.5 N/A 53.2 10 N/A N/A N/A N/A

5 N/A N/A N/A N/A N/A N/A N/A N/A

6 N/A N/A N/A N/A N/A N/A N/A N/A

7 10.1 N/A 67.5 12 N/A N/A N/A N/A

8 N/A N/A N/A N/A N/A N/A N/A N/A

9 6.3 N/A 63.3 13 N/A N/A N/A N/A

10 6.5 N/A 50.5 11 N/A N/A N/A N/A

11 4.05 N/A 44.55 10 N/A N/A N/A N/A

12 N/A N/A N/A N/A N/A N/A N/A N/A
13 N/A N/A N/A N/A
14 11.7 N/A 65.5 12
15 N/A N/A N/A N/A

Average 71.23 N/A 59.18 11.29 N/A N/A N/A N/A

Standard 2.49 N/A 10.09 1.38 N/A N/A N/A N/A

deviation




a2

M1519% V15 nansasyiiulaveineg aduns) Tui 03/4/2021 ongin 47 Ju

Plant factory Greenhouse
3 aglu At A, oty el dwuly

i Foe luede  luede A e OER OER

1 7.65 N/A 79.05 12 N/A N/A N/A N/A

2 N/A N/A N/A N/A N/A N/A N/A N/A

3 7.05 N/A 68.25 12 N/A N/A N/A N/A

4 5.15 N/A 55.05 11 N/A N/A N/A N/A

5 N/A N/A N/A N/A N/A N/A N/A N/A

6 N/A N/A N/A N/A N/A N/A N/A N/A

7 6.05 N/A 68.55 13 N/A N/A N/A N/A

8 N/A N/A N/A N/A N/A N/A N/A N/A

9 6.05 N/A 12.15 14 N/A N/A N/A N/A

10 7.05 N/A 64.55 11 N/A N/A N/A N/A

11 6.05 N/A 57.05 9 N/A N/A N/A N/A

12 N/A N/A N/A N/A N/A N/A N/A N/A
13 N/A N/A N/A N/A
14 7.05 N/A 70.05 11
15 N/A N/A N/A N/A

Average 6.51 N/A 66.84 11.71 N/A N/A N/A N/A

Standard 0.82 N/A 7.86 1.60 N/A N/A N/A N/A

deviation




a3

ATMARNUIN A

nan1sNuteyan siasuRulnuesinAztnsEninInIsUgneae Aeroponic tower

Tu Plant factory fiu ﬂ’liUQﬂﬁ?\j’JﬁJWUU Hydroponic 1u Greenhouse



a4

M1519% A1 HANSISYAULAvesinAztn (afuns) Tui 20/2/2021 a1giin 5 u

Plant factory Greenhouse
3 aglu At A, oty el dwuly

i Foe luede  luede A e OER OER

1 1.10 13.80 N/A N/A 0.75 10.55 N/A N/A

2 1.10 13.80 N/A N/A 1.10 13.15 N/A N/A

3 1.10 18.95 N/A N/A 0.75 12.05 N/A N/A

4 0.95 12.20 N/A N/A 1.15 11.35 N/A N/A

5 0.75 11.15 N/A N/A 0.95 10.85 N/A N/A

6 0.90 13.05 N/A N/A 0.75 12.75 N/A N/A

7 0.85 13.85 N/A N/A 0.75 13.65 N/A N/A

8 1.15 13.05 N/A N/A 0.85 15.15 N/A N/A

9 1.15 12.65 N/A N/A 0.95 12.20 N/A N/A

10 1.15 11.20 N/A N/A 0.95 13.85 N/A N/A

11 1.20 12.35 N/A N/A 0.95 15.40 N/A N/A

12 0.95 12.20 N/A N/A 0.95 11.95 N/A N/A
13 1.10 12.25 N/A N/A
14 1.15 13.55 N/A N/A
15 0.95 15.95 N/A N/A

Average 1.04 13.19 N/A N/A 1 13 N/A N/A

Standard 0.13 2.03 N/A N/A 0.14 1.56 N/A N/A

deviation




a5

M1519% A2 HaNsISAUTavesinazin (Hafiuns) Juil 23/2/2021 81gin 8 Ju

Plant factory Greenhouse
3 aglu At A, oty el dwuly
i Foe luede  luede A e OER OER

1 1.10 19.60 7.75 1 1.00 12.40 3.90 1
2 1.25 19.80 9.65 1 1.20 12.55 8.30 1
3 1.10 19.25 7.50 1 1.30 16.40 7.45 1
4 0.95 17.25 5.40 1 0.95 13.80 7.20 1
5 1.00 17.25 3.90 1 1.20 14.30 5.80 1
6 1.10 17.30 7.45 1 1.20 15.10 5.95 1
7 1.00 20.45 6.90 1 1.15 18.70 11.15 1
8 1.20 17.05 1.25 1 1.20 19.40 8.80 1
9 1.20 17.00 7.60 1 1.30 16.00 6.55 1
10 1.15 17.10 4.30 1 1.65 16.30 10.20 2
11 1.15 18.10 7.40 1 1.30 19.00 6.90 1
12 1.25 15.75 6.00 1 1.00 16.55 6.55 1
13 1.20 15.10 8.05 1
14 1.15 18.45 7.45 1
15 1.30 19.35 9.40 1

Average 1.14 17.99 7.07 1.00 1 16 7 1

Standard 0.10 1.44 1.61 0.00 0.19 2.37 1.98 0.29

deviation




46

M1519% A3 HaNSIsAUTavesinazi (Iadiuns) Tui 26/2/2021 angiin 11 Tu

Plant factory Greenhouse
3 aglu At A, oty el dwuly
i Foe luede  luede A e OER OER

1 1.25 20.10 17.85 2 0.95 12.45 3.55 1
2 1.05 20.75 14.15 2 1.35 14.10 7.65 2
3 1.05 18.35 14.15 2 1.10 16.25 9.45 2
4 1.05 17.15 13.75 2 1.15 12.25 7.05 1
5 1.00 19.45 13.65 2 1.10 13.85 5.45 1
6 1.15 19.95 14.04 2 1.10 14.45 6.10 1
7 1.10 20.45 13.85 2 1.10 17.15 11.30 2
8 1.05 18.85 13.05 2 1.10 18.25 7.25 2
9 1.25 17.05 12.25 2 1.60 14.70 6.50 1
10 1.20 21.50 11.25 2 1.35 17.20 9.50 2
11 1.15 18.85 14.55 2 1.15 16.55 7.65 2
12 1.35 18.55 14.40 2 1.30 12.20 5.10 1
13 1.25 17.45 12.95 2
14 1.15 17.45 13.15 2
15 1.20 21.10 18.55 2

Average 1.15 19.25 14.11 2.00 1 15 7 2

Standard 0.10 1.38 1.88 0.00 0.17 2.10 2.13 0.52

deviation




a7

M1519% A4 HansISAUTavesinazi (adiuns) Tui 01/3/2021 angiin 14 Tu

Plant factory Greenhouse
3 aglu At A, oty el dwuly
i Foe luede  luede A e OER OER

1 1.25 22.25 26.55 3 1.15 12.65 6.15 2
2 1.35 22.75 21.65 3 1.15 13.85 9.45 3
3 1.45 21.10  24.05 3 1.1 17.05 9.50 2
4 1.55 21.65 22.05 2 1.55 12.65 6.20 2
5 1.25 18.35 22.75 2 1.15 13.55 6.45 2
6 1.65 20.05 18.35 2 1.15 14.55 8.05 2
7 1.25 21.35 23.65 2 1.25 17.85 12.65 2
8 1.35 19.25 25.15 2 1.15 18.10 9.35 2
9 1.45 18.85  23.25 2 0.75 12.75 6.85 2
10 1.15 20.05 22.35 2 1.15 13.30 8.55 2
11 1.45 19.05 23.15 2 1.15 16.15 9.55 2
12 1.55 18.55  26.15 2 0.95 13.00 8.35 2
13 1.25 19.75 21.60 2
14 1.45 2190  23.30 7
15 1.45 21.35 27.55 2

Average 1.39 20.27 23.44 2.25 1 15 8 2

Standard 0.14 1.51 2.29 0.45 0.18 2.09 1.88 0.29

deviation
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M1519% A5 HaNSISAUTAvesinAzin (Iadiuns) Tui 04/3/2021 angiin 17 Tu

Plant factory Greenhouse
3 aglu At A, oty el dwuly
i Foe luede  luede A e OER OER

1 1.7 22.4 31.8 3 0.95 12.9 7.9 2
2 1.4 22.4 31.8 3 1.1 15.3 18.4 3
3 1.8 21.3 29.1 3 1.2 17 12.9 2
4 1.4 21.45 28.3 3 1.2 13.8 10.8 2
5 1.4 20.1 29 3 1.25 14 12.7 2
6 1.95 18.5 32.4 3 1 15.3 10.95 2
7 2.1 28.4 33.3 3 1.5 18.4 20.5 2
8 2.3 29.8 31.1 3 1.6 19.5 13.8 2
9 1.6 28.3 30.2 3 1.4 14.7 11.3 2
10 1.6 21.4 31.65 3 1.9 155 9.1 3
11 1.6 20.5 29.5 3 1.4 19.3 13.9 2
12 1.6 17.3 29.4 3 1.3 13 11.4 2
13 1.6 19.4 25.5 3
14 1.4 21.5 28.55 3
15 1.6 20.5 30.2 3

Average 1.67 22.65 30.12 3.00 1 16 13 2

Standard 0.27 4.02 1.97 0.00 0.27 2.32 3.60 0.39

deviation
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M1519% A6 HaNTSISYAUTAvesinAzi (Iadiuns) Tuil 07/3/2021 81giin 20 Tu

Plant factory Greenhouse
3 aglu At A, oty el dwuly
i Foe luede  luede A e OER OER
1 1.45 21.45 37.55 4 1.45 12.35 4.02 2
2 N/A N/A N/A N/A 2.05 13.05 13.05 3
3 2.1 17.05  30.05 4 1.85 17.4 11.65 3
4 2.05 22.25 37.1 4 2.05 12.1 12.65 2
5 2.35 17.15 32.45 4 1.65 12.05 16.15 2
6 1.35 20.05 35.65 4 1.65 15.65 12.35 2
7 2.35 19.65 30.55 4 1.35 11.25 20.35 3
8 2.05 20.05 36.25 4 1.75 20.05 14.55 3
9 1.85 18.35  30.45 4 N/A N/A N/A N/A
10 1.65 20.15 31.6 4 1.55 15.05 14.05 3
11 1.45 17.35 37.05 4 2.05 18.55 18.35 2
12 2.05 17.05  31.35 4 1.25 13.05 12.15 2
13 2.35 17.45 28.45 a4
14 2.25 17.55 33.45 4
15 1.75 21.05 35.15 4
Average 1.93 19.14  33.36 4.00 2 15 14 2
Standard 0.35 1.86 3.06 0.00 0.28 2.97 4.20 0.52

deviation
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M1519% A7 HanssAUTavesinazi (adiuns) Tuil 10/3/2021 angiin 23 Tu

Plant factory Greenhouse
3 aglu At A, oty el dwuly
i Foe luede  luede A e OER OER
1 2.7 19.6 33 4 0.95 12.9 9.1 2
2 N/A N/A N/A N/A 1.2 13.5 19 4
3 2.9 21.1 46.8 4 1.2 16.4 13.6 2
4 3.2 22.45 44.3 4 N/A N/A N/A N/A
5 2.95 21.6 40.6 5 0.95 13.3 20.95 2
6 2.95 20.4 46.9 4 1 15 15.4 2
7 2.95 no 29.5 3 1.1 14.3 24.8 3
8 2.7 18 41.8 4 N/A N/A N/A N/A
9 N/A N/A N/A N/A N/A N/A N/A N/A
10 3.5 25.3 42.4 4 1.2 15.2 18.45 3
11 3 20 44.2 4 1.2 18.8 20.5 3
12 2.95 21.1 41.2 4 N/A N/A N/A N/A
13 2.95 18 50 4
14 2.8 17.4 36 4
15 2.85 22.3 39.6 4
Average 2.95 21.06 41.25 4.00 1 15 18 3
Standard 0.21 2.04 5.74 0.47 0.12 1.94 4.89 0.74

deviation
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M1519% A8 HaNTSIISYAUTAvesinAzi (Iadiuns) Tuil 13/3/2021 angiin 26 Tu

Plant factory Greenhouse
3 aglu At A, oty el dwuly
i Foe luede  luede A e OER OER
1 1.5 N/A 41.6 5 1.4 12.4 13.3 2
2 N/A N/A N/A N/A 1.6 15.3 24.9 4
3 2.4 20.3 52.7 5 1.5 17.3 21.1 3
4 2.4 21.1 38.7 5 N/A N/A N/A N/A
5 2.2 19.2 48.6 5 1.6 12.3 20.7 3
6 2.2 19.8 46.6 5 1.3 15 17.5 3
7 1.7 N/A 17.6 2 2.4 17.2 31.7 4
8 1.6 17.4 45.1 5 N/A N/A N/A N/A
9 1.9 N/A 31.1 3 1.5 N/A 17.2 2
10 2.2 20.2 49.6 5 2.3 16 21.4 4
11 2.6 20.1 50.1 5 1.1 22.2 12.7 3
12 2.1 15.3 49.3 5 N/A N/A N/A N/A
13 2.2 16.3 50.3 5
14 2.2 N/A 36.6 5
15 2.2 20.3 46.2 5
Average 2.10 19.18  43.15 4.55 2 16 20 3
Standard 0.32 1.91 9.56 1.04 0.44 3.16 5.88 0.78

deviation
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M1519% A9 HaNTSIRsYAUTAvesinAzi (Iadiuns) Tuil 16/3/2021 a1giin 29 Tu

Plant factory Greenhouse
3 aglu At A, oty el dwuly
i Foe luede  luede A e OER OER
1 1.9 N/A 43.3 6 1.6 12.3 14.8 3
2 N/A N/A N/A N/A 2.7 12.9 32.5 5
3 2.1 N/A 56.1 6 1.6 N/A 24.2 3
4 2.2 N/A 50.7 6 N/A N/A N/A N/A
5 2.3 17.1 51.3 6 1.5 14.7 21.8 4
6 2.2 19.15 48.8 6 1.4 N/A 17.7 3
7 1.6 N/A 16.4 3 1.8 N/A 31.75 4
8 2.2 N/A 49.7 6 N/A N/A N/A N/A
9 2.1 N/A 25.3 3 1.6 N/A 16.8 2
10 2.3 22.2 50.2 5 1.8 N/A 21.7 4
11 2.3 18.8 5827 6 1.5 17.1 22.2 4
12 2.2 N/A 54.9 6 N/A N/A N/A N/A
13 2.2 N/A 58.5 6
14 2.2 N/A 50.45 5
15 2.2 N/A 50.55 6
Average 2.14 19.31 47.24 5.36 2 14 23 4
Standard 0.19 2.12 11.90 1.21 0.39 2.16 6.17 0.88

deviation
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M1519% A10 Han1sRseAulnvesinavin (Hadiung) Jun 19/3/2021 e1gdn 32 Tu

Plant factory Greenhouse
3 aglu At A, oty el dwuly
i Foe luede  luede A e OER OER
1 5.05 N/A 50.05 7 2.15 N/A 13.05 3
2 N/A N/A N/A N/A 3.35 N/A 34.45 6
3 5.05 N/A 69.45 7 1.15 N/A 28.05 3
4 5.05 N/A 46.55 7 N/A N/A N/A N/A
5 5.05 N/A 55.05 7 4.05 N/A 22.45 3
6 5.9 N/A 51.65 7 2.35 N/A 19.25 2
7 N/A N/A N/A N/A 2.65 N/A 32.05 3
8 5.05 N/A 55.75 7 N/A N/A N/A N/A
9 N/A N/A N/A N/A N/A N/A N/A N/A
10 5.05 N/A 52.35 7 3.05 N/A 18.05 4
11 5.35 N/A 59.55 7 3.3 N/A 26.15 5
12 4.45 N/A 54.05 Y N/A N/A N/A N/A
13 5.15 N/A 58.05 7
14 4.15 N/A 56.45 7
15 4.15 N/A 50.75 7
Average 4.95 N/A 54.98 7.00 3 N/A 24 a4
Standard 0.49 N/A 5.84 0.00 0.89 N/A 71.32 1.30

deviation
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M1519% A11 Han1sRseAulnvesinavin (Hadiung) Jun 22/3/2021 e1gdn 35 Tu

Plant factory Greenhouse
3 aglu At A, oty el dwuly
i Foe luede  luede A e OER OER
1 55 N/A 67.4 8 2.3 N/A 14.5 5
2 2.9 N/A 23 2 1.95 N/A 37.2 7
3 5 N/A 83.1 8 3.1 N/A 31.2 3
4 4.3 N/A 60.4 7 N/A N/A N/A N/A
5 5.4 N/A 50.75 7 1.8 N/A 271.2 4
6 6.5 N/A 75.95 7 1.3 N/A 23.7 2
7 2.3 N/A 27.3 3 3 N/A 32 3
8 4.95 N/A 62 7 N/A N/A N/A N/A
9 3.2 N/A 50.3 5 N/A N/A N/A N/A
10 4.1 N/A 64.1 7 3.1 N/A 22.9 3
11 6 N/A 55.5 7 4 N/A 32.5 5
12 4.5 N/A 54.3 6 N/A N/A N/A N/A
13 5 N/A 67 7
14 5 N/A 68.5 6
15 3.8 N/A 52.4 6
Average 4.56 N/A 57.47 6.17 3 N/A 28 a4
Standard 1.16 N/A 16.07 1.90 0.88 N/A 7.15 1.60

deviation
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A1519% A12 Han1sRseAulnvesinavin (Hadiung) Jun 25/3/2021 91gdn 38 Tu

Plant factory Greenhouse
3 aglu At A, oty el dwuly
i Foe luede  luede A e OER OER
1 6.9 N/A 80.9 8 2 N/A 22.5 4
2 2.5 N/A 30.3 2 5 N/A 46.5 6
3 6.5 N/A 90.2 9 3 N/A 31.2 4
4 5.6 N/A 75 8 N/A N/A N/A N/A
5 5 N/A 71.9 7 3.1 N/A 35 4
6 7.1 N/A 87.5 8 2.5 N/A 27.4 2
7 2.5 N/A 34.4 4 4.3 N/A 40.4 4
8 6 N/A 82.5 8 N/A N/A N/A N/A
9 4.8 N/A 58.5 6 N/A N/A N/A N/A
10 6.7 N/A 81.3 7 25 N/A 23.3 4
11 6.3 N/A 67.5 8 4 N/A 35.1 6
12 6 N/A 67.6 8 N/A N/A N/A N/A
13 6 N/A 69.5 7
14 5.2 N/A 70.8 8
15 4 N/A 65 8
Average 5.41 N/A 68.86 6.92 3 N/A 33 4
Standard 1.45 N/A 17.20 2.02 1.03 N/A 8.31 1.28

deviation
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M1519% A13 Han1sRseAulnvesinavin (Hadiung) Jun 28/3/2021 o1gin 41 Tu

Plant factory Greenhouse
3 aglu At A, oty el dwuly
i Foe luede  luede A e OER OER
1 7.25 N/A 74.05 10 N/A N/A N/A N/A
2 N/A N/A N/A N/A N/A N/A N/A N/A
3 7.45 N/A 81.65 10 N/A N/A N/A N/A
4 7.25 N/A 81.15 9 N/A N/A N/A N/A
5 7.05 N/A 69.05 10 N/A N/A N/A N/A
6 9.95 N/A 82.05 11 N/A N/A N/A N/A
7 N/A N/A N/A N/A N/A N/A N/A N/A
8 9.05 N/A 81.05 10 N/A N/A N/A N/A
9 N/A N/A N/A N/A N/A N/A N/A N/A
10 7.65 N/A 78.35 10 N/A N/A N/A N/A
11 8.55 N/A 78.55 10 N/A N/A N/A N/A
12 7.85 N/A 70 10 N/A N/A N/A N/A
13 8.05 N/A 90.35 9
14 7.45 N/A 75.55 10
15 7.35 N/A 59.15 10
Average 7.91 N/A 16.75 10.00 N/A N/A N/A N/A
Standard 0.87 N/A 8.00 0.50 N/A N/A N/A N/A

deviation
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M1519% AL4 an1sRseAulnvesinavin (Hadiung) Jun 31/3/2021 e1gdn 44 Tu

Plant factory Greenhouse
3 aglu At A, oty el dwuly

i Foe luede  luede A e OER OER

1 8.2 N/A 86.1 10 N/A N/A N/A N/A

2 3.5 N/A 38.3 5 N/A N/A N/A N/A

3 8.2 N/A 96.4 12 N/A N/A N/A N/A

4 9.4 N/A 83.3 10 N/A N/A N/A N/A

5 7.3 N/A 104.4 11 N/A N/A N/A N/A

6 8.7 N/A 93.6 12 N/A N/A N/A N/A

7 3.4 N/A 529 7 N/A N/A N/A N/A

8 8.5 N/A 82 11 N/A N/A N/A N/A

9 6.2 N/A 62.3 7 N/A N/A N/A N/A

10 8.9 N/A 95.3 10 N/A N/A N/A N/A

11 8.3 N/A 83.3 11 N/A N/A N/A N/A

12 11.2 N/A 85.1 10 N/A N/A N/A N/A
13 8.05 N/A 90.35 9
14 8.1 N/A 16.6 11
15 7.3 N/A 73.8 11

Average 7.68 N/A 80.25 9.67 N/A N/A N/A N/A

Standard 2.04 N/A 17.56 2.19 N/A N/A N/A N/A

deviation
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M1519% A15 Han1sRsaAulnvesinavin (Hadiung) Jun 03/4/2021 o1gin 47 Tu

Plant factory Greenhouse
3 nglu At dww |, adalu ekl Al

i Foe luese  luede A e OER OER

1 7.55 N/A 80.55 11 N/A N/A N/A N/A

2 N/A N/A N/A N/A N/A N/A N/A N/A

3 8.55 N/A 102.15 13 N/A N/A N/A N/A

4 8.55 N/A 91.55 11 N/A N/A N/A N/A

5 7.55 N/A 85.05 11 N/A N/A N/A N/A

6 9.55 N/A 97.55 13 N/A N/A N/A N/A

7 N/A N/A N/A N/A N/A N/A N/A N/A

8 8.55 N/A 89.15 12 N/A N/A N/A N/A

9 N/A N/A N/A N/A N/A N/A N/A N/A

10 10.05 N/A 92.55 12 N/A N/A N/A N/A

11 10.05 N/A 90.05 12 N/A N/A N/A N/A

12 8.55 N/A 87.45 12 N/A N/A N/A N/A
13 9.55 N/A 98.45 12
14 9.55 N/A 80.05 12
15 N/A N/A N/A N/A

Average 8.91 N/A 90.41 11.89 N/A N/A N/A N/A

Standard 0.90 N/A 7.09 0.78 N/A N/A N/A N/A

deviation




59

A\\\\\\ ul/
2= —0
%/ 11 | \\

H

IL *].'#
b K©) > ><1
5 STt =Y

&z a ¥ o [ £ Y = R 1 ¥ o £ ¢ v 1%
nanstiluwenansianubidwsunisldnunenisnywinuu eygelihluldusslovinunisen
Ldnsdllagsdu BnvenudilvsauUasient wazhase1sddisivetenarsnasaninisiiluly
This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



60

4

iAsaUgnANuUInsluAsITauABUA U AYY

3

Aeroponic Tower with Artificial Lighting

nuavun uaa’, indun Iy’ dsiaf AuAduunate’, 9adsds naniiliy’ uas KAt doey”

ATYIIAINTTUNEAT AMEIAINTINAEAT F1UumALUlaENSTABUNAUIIAUNINTAIANTEUY 0.R889NTY LUAAIANTEUS NTIVWLVIUAS
Tnsdwi 02-329-8336 Email : patvichaiya@hotmail.com

&
| VoY

L PPFD %38 Photosynthetic Photon Flux Density J

o s - . I
Aavdrnuuaritindudmiunsdaanasivas Chnhadly pmolm¥s)

Plant factory

—

/‘:ﬁ‘\

gunsniuaziinisvaaas

Aeroponic tower fivunadurin 1,

AUBNANS 1 AT §9 2 A3
1. YARIUANTEUUEATUIIR
- EC sensor & pH sensor

PPED. (Mmol/r

UFugmemis wae pH
Tovfhilnade
- ansofananda - Tamsliin
- Aavaunsdle - U vaealy LED
W]Uﬂl!ﬂ’l']llt%’]ﬂﬂ»ﬂ!ﬂliﬂmB%MI.!U

v

2. nshinfivuuy Aeroponic
- Tnethlnasuvis 12v
3. nsWiussiiviae Artificial light
4. Tower Ugniiy
w ¥
5. nzuziudn
6. YANBIADIVINY

SEUUAUANAATUITH

3

2.0

a1
Iu 24

nranvnaesazUlii Aninauasinasiiiugne Aeroponic tower finta

i . & a > 4 o S48 '
wigdulaluaeavh  wadldsvovnmlunswsyiulanfouiuieiidundinsg
Ugnuuu Hydroponic Tu Greenhouse Tnsfiwiiugnlu Aeroponic tower lisuuas
TnuassRugiiivanuRsmeramasiqiviavasiiy Tng Aeroponic tower
finslimdanulviiede 3 misenetu

v,
U LU
( a5 P

x
msiinsaauALALNIHYS 115VAABULL eh]
\A3as Texture analyzer wasAnsainsalumsiiuinuvainsiuien

dqunan1svnaaes

house

Green




61

\\l //
N
M

<1
M

2 A
sk ‘I’”“Q Ji

&z a Y o [ £ Y = R 1 ¥ o £ 5% 1%
nanstiluwenansianubidwsunisldnunenisnywinuu eygelihluldusslovinunisen
Ldnsdllagsdu BnvenudilvsauUasient wazhase1sddisivetenarsnasaninisiiluly

This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



62

[

UszInAnedInmi

9 WNEINUAVUN WA
ANSAN®Y

seRuTsENnaUUATY: PWNTUTIVINGIRY UATATSITUINY

STAUUIQYEINT : ANYIAINTIUAIENT @191IAINTINNEAT d010u

\ walulagnszanundnnaunmaInnsed
ﬁagj 508 iy 6 FuarITe SnneLiled JMIAUATATEITNIIY 80290
Tn3dni 088-690-0049
Email : kamonchanok.phonngarm@sgmail.com
Ay : opndigsiaienfiumsinuasiuteanuies a1unsnvee

'
a Yy (% a

manlalng wazveiagsnabndunsdnluszauuwiuys

Y

9 U9EINNRNT YAV
ANSAN®

seaudseunaulaty : lssleugaugsonll 2

STAUUTYING : ANEIAINTIUAEAT A1VIIFINTTULNENT an10U

¢ wialulagnszasuinadamnsatansed

flog 52 vy 5 suanaesdsy BunenaIUAYs Tringsugigd
84160

Inséwyi 092-212-6688

Email : Tunyong2885@gmail.com

muily : ogndigsianeulafidenifszuuimaluladnsinunsi

Y o &
NUANY Lagllunga nalan

Y



63

9 WPATNA

Ba
=
53
)
b
=

D
)
<

NN3AN

syavtisaunauUae: 1sassuasauninedudaling
S¥AUUTEQYINT AMZIFINTINATEAT B1UIFINTIUNEAT a0
walulagnszasunandnummsatansei

flog 518 my2 Auanueds sunevewasy Tavianaauy3 71220
Insénii 098-056-6353

Email : togammat.folk@gmail.com

ANuEl « igseulan Anwawealulagaineguanihnduanyssendly

Useinalne

Fo unsanendtaas ganiy

N3N

seauiseumaulate: LaseuuITIng) 93U (St. Mary Convent)
STAUUSYEINT ASIFINITUANENT NUIFINTTUNYRT @010
wAlulagnszasung AU IAIANTEY

flay) 487/76 auuridio1ed suanthiilos suneiies Sminsivys
70000

Insfwi 086-300-4782

Email : eyejungl7216@gmail.com

Al : TarumsinAmassaineasiSeundunan 12 7w
TUAnwreUsTniuuimsssna wevanngsadilmauls

1NEITY





