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ABSTRACT

This study was conducted to present a recommended setting value that can be used as a reference
for the operation of a smart farm complex environment control system when growing cucumbers
with semi-stimulation and suppression. The data used in the analysis were data collected through
sensing data and growth survey of smart farms. First, through regression analysis(Shipment(kg)
=1.54838 + 0.20073 harvest), it was confirmed that 'harvest number' among the items of the growth
survey collected by us was suitable as an indicator of farm household productivity.

In order to derive the recommended setting value for cucumber semi-stimulatory cultivation,
ANOVA and post-test on 15 datasets were conducted and it was confirmed that 'KLS1901" had the
best productivity. Accordingly, environmental data of excellent crops were analyzed and a rough
table was presented. After that, we tried to demonstrate the reference table derived from two smart
farms. As a result, the possible items and scope of environmental control were different according
to the size, shape, and type of greenhouse, and the effect of applying the recommended set value
could be different depending on the conditions.

Analysis of variance was performed on the number of harvests for 12 datasets of the cucumber
suppression cultivation period. As a result of the analysis, it was confirmed that the harvest number
of the 'kuh2019' plant was the highest. environmental factors of high productivity cultivation were
the regular setting of opening and closing ventilation windows and the high carbon dioxide in the
greenhouse before sunrise. After that, a rough guide was presented based on the environmental
data of the relevant crop.

Key words : Cucumber, Smart greenhouse, Smart farm, Complex environment control
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Analysis of Variance

Source DF Sum of Squares Mean Square F value Pr>F
Model 1 129.66130 129.66130 131.25 <.0001
Error 1069 1056.07170 0.98791

Corrected Total 1070 1185.73299

Parameter Estimates

Variable Label DF Pargmeter Standard t Value Pr>[t|
Estimate Error

Intercept Intercept 1 1.54838 0.05631 27.5 <.0001

n_yield n_yield 1 0.20773 0.01813 11.46 <.0001
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Source DF Sum of Squares Mean Square F Value Pr>F
Model 13 1155.167635 88.859049 38.92 <.0001
Error 1543 3522.409758 2.282832

Corrected 1556 4677577392
Total




Aoy

k] 2AR2AE Sl WE 2] 42 Klo|S eRlgglonR AMRER S st
F

= | o
of Tt AT|(HUEhel Seky xpo]7}b ofFH| LieREX] &It} Shgich 2o2L] A

=

SPR Bk & Ul 2Tk A, B, C FYez FREQICh Leix] 5U| A= 42k
& Alokel Aetez PR EBalolA Mgk 4 oY F 4okt M =04 Ale

AXN
| =9 24 A 2.78MECE 32% =2 3.6970=2 FAIEUCH

Tob BXAof ARRE KLS1901°9] kel TH47) 153712 Lpeix] ZH)e) Bk =947
=

=
&
N
—
©
S
=
o
32
|o
o
-
Ne)
g
o

T HA

Hardtoll e Al2l=at w2tckE 7).

T 7. ALEHA H3KSAS)

(o)

2| 2 ¥ 42k wEY W ekl 2ot
KLS1901 3.6863 153 A
KEH1901 3.6131 137 A
LSH1901 3.4862 109 A
KHH1901 3.0818 110 B
BSJ1901 2.5729 9 B
CGH1901 2.4052 116 B
JJC2001 2.3696 92 C
LKD1901 1.9467 75 C
LKD2001 1.9318 88 C

= = ?:I o o =2 oWz
ot A7) KLS19019] 24 2HF dlojelE A (TlesH)SIiEE Qo]0 AFgTHHle) wet
AUl 2Hg 27t of Z| o|RREAIE plfdtol W AU (EER)S FAISHHcHE 8).

o
£ mEEolN 90| vk A BRBHRAY W o2 HAR YRS U 2/
o]

of RHEA el Al STBFERAAI AR PR ARUE =20k Sl Aol K =
]

o 71w

v O
Slekat, EQHLE /4 ECHHRA ofefet BT AvtEglolx Qo2 R u)
13

J

AERPE R ERolAlARE Eoll o] kst WSolch otk AptEsgte| wel AL ks

slel e mskE 4 9k
AntEgolA £34% dlo|g2 Qo] ARl o9 Y mlXlE K0S AR A o
EO le) O o

TEYe] w2y, 25, oft Huigs, EYeE ¥ #EFHo| Qo
plRlekelxl2 9, 2019). Teiuf 24 UiRe] 2Eet FE&, ojttalE
2 oL2HEREAAY) TRl eI EXlish
e ARoks Aol AR oHITH EXlighc)
agag & AFoie 2HEAe] ohzl dYsliklEEA

[ o OI
7] Wixl Mtk AdEst ¢t 1o gulolels #H0les sk YAles Qo] viEy

jo
fu!
0

428 ¢ 2021EHE AHATE DN



Mulf 2k ERlofAl AR AR AR itel oie 2HRS MG

s

I 8. Q0] 1‘ﬂ_|-_>_!:|_/\g Ayl Esksl AR o)A AE] HAF A—lx—lﬂ-(g\j k)

ME AT gEer  Eas co2 EYLE  E¥4E EYEC

B () (c) (%) (ppm) (€) (%) oz = OPH
00~03 1225 8235 103434 1600 2049 053  7.04
04~07 1269 8016 111255 1548 2037 053  7.07

4o 08~11 1739 7509  1109.66 1757 2051 052 7.00

2% 12~15 2239 5629  717.04 2203 2080 053 678
16~19 1647 7333 71456 1981 2108 055 687
20~23 1375 8193 90497 1747 2101 054 7.02
00~03 1546 8594 86019 2050 2671 049 670
04~07 1550 8649 96198 1959 2652 049 671
5o 08~11 2324  67.14 58358 2127 2717 049 66l
@68 12415 2609 5217 42239 2377 2760 050 654
16419 2227 6371 45883 2341 2727 050 6.0
2023 17.62 8336 67775 2182 2693 050 666
00~03 2010 8629 65146 2400 2590 029 669
04~07 2050 8597 65504 2347 2581 029 669

sq  08~11 2631 6864 41229 2433 2665 030 663

7% 1215 3006 5832 38577 2616 2703 030 657
16~19 2703 6393 39817 2609 2661 030 658
20~23 2185 8025 48449 2490 2623 029 667

L 37 FEAIY Qo] BERA el AntER 571 oA EF A4S

UM =ETH Qo] HEEA xljuf BBl HA|oA| AR WA DA IS AntER 5T} A S thifo g
AZsloich dRbd o 2 B 59 AntEe] A|oj 9| 27|14 22d7 0 2 A|3ke|7] wZol 2|4
Aol 2 753 2A R 2ol SR A0 ciito] Bct ASch/dol cie F R =7 3} Ul

AZ B A 5T ot R 5, B 57k Fof b R e el H AR ol whE Ao 7}
T5SRART F 57 2F YRS EE Alofd 4 HAchE 9). 2L ERof =2 732 F39k 2]
A2/ o2 AR AlThol| B HA 5l 24 ln| & 53l 20 S Eo| HIE & 4 Q= Hh,
2 LEE 7Eo 2 AAET| mol 25 AA o2 Hlojd 4 §l7] o] Hct



o = HA = = O HA L
T Fpes  ATERMpes Py FkEeE  BolRMEes
o 22.75 20.62 ot 22.75 22.49
EAF 8.21 3.18 Bk 8.21 6.76
PES 26 22 LIEFS 26 25
t SHRF 3.131571076 SHE 0.342435241
p-value 0.003124154 p-value 0.733487945
FYoRMERE  AShoRkiEeE PYoRMELE  BsitoRkiReE
o 16.03 15.09 ot 16.03 16.82
EAF 7.08 0.70 Bk 7.08 7.16
EL 26 22 EL 26 25
t SHRF 1.695696524 t SHEF -1.050739361
p-value 0.099965965 p-value 0.298532937
W FUREE ASHFIMTEE W FUREE BEIHRRES
o 64.47 77.02 ot 64.47 77.392
EAF 31.03 153.46 Bk 31.03 107.42
EL 26 22 EL 26 25
t B ~4.391666714 t AR ~5.514931116
p-value 0.000145894 p-value 3.09335E-06
T oR RS ASTHoRMIPEE T oRh RS Bs7hoRkREE
o 84.08 90.99 o 84.08 95.73
A 7.80 78.99 A 7.80 15.94
EL 26 22 EL 26 25
t B -3.503049229 S ~12.02647232
p-value 0.001752044 p-value 2.39689E-15
Qo] HREA el By Jar A 2o

IHofA AT HA ARY HEol TiE W A Tal, A 57}
3]

o] £3lat D0ET thH] 72% CFAME|QioL

g 2).
ool g el melsh B3l B Sle] WS 20| whE i H#e|ZMZ(root
knot nematodeayol] oJ¢+ 20| a3 mahS UL ok ofLlel EY U orEalch}
= a1

YRRl FRHE Lot A

u

) BP0 2 ols] Qo BhEA A] EalslAR|ojA| AR YR AR MLl

le] o

F¢ 4 ggich(@ 10).

430 - 2021HE A|EHATLE A



AOIET 20| HGHojEE 283 e 7| g

214 257| 162 211 287 - REB

+ 72% -41%

201 857 0.94 194 257| D :

000 D50 1.00 150 200 0.00 050 1.00 1.50 200 250

WY = EHE s/ A g " =S Y
A 5T T71E B Al ou] 2 $E B 57} 71E B xiuf ois] 48k ¥

o B}
5 = A At ZSplea)
pH(1:5) 6.5 6.0~6.5
972 (g/kg) 44 20~30
f2l4Hmg/kg) 1404 400~500
U5 (cmol+/kg) 1.84 0.7~0.8
Z%(cmol+/kg) 13.5 5.0~6.0
ok (cmol+/kg) 47 1.5~2.0
7] =& (dS/m) 3.7 20|38}

H4
-
£
T
M
1o
>
ju
o
|m
1=}
o
)
>
oM
o

AT 3 Akl ARl AntER Y AHI S o2 +9E|9ich
AZ ATl AR Rl APEERRE 24 U/e) R Al Af et 214 Thsll, 24, COAM, TR 7165 T
A= TN 2~39Q) RIH(5-EA187, 2019), 57+ ol BEAo 2 AR E| 1 9) E
T2 T2 AA L 21 T 7150 E )& olck 23R 2k, Sk, ottoleha SOl Ak 2
Bl tlo|elE A sto] foln|3t F S EEUCH stojek SR g ojAl A-lo] o] Eslo] 24 #HY
k= o2 SHISHT| o2l Holek

A2 philelde Sl AntEd A5 3 ARG Ao} obd AA| 57+ ArkER Al co]
=

— —B v
EIS ghgdio] 4812F o & BE i) Thsichs WS 2RIsiicho| 2R, 2021). 386k Aol
= 1 oS BES 3830 AlEeloldS Wk TE HulolEE BiRo R Flof kel ¥
9| el sei2rE Sohish & 4 e 2UE B 4 U2 Holck



201958 2020nkx] 4% 2ol ol el ANl chet slolepE 1209] Al
4845 Jlze2 WY WHE Aelsich BY Bm, 1288l W] F bsj2019,

= 90
khh2020, kuh2019, 1gd20197]- 7%‘—?;-/\ 7]-755*—‘5_’,_— E‘_l‘—i,:—"‘]—gil:]-(l%] 3).

hedrmal 8- Fiot

hedrmal 8- Fiot

hedrmal 8- Fiot

bsj2019 | p-value 0.125

bsj2020 | p-value 0.006

hsw2018 | p-value 0.001

hedrmal 8- Fiot

hedrmal 8- Fiot

hedrmal 8- Fiot

hsw2020 | p-value 0.004

jjc2019 | p-value 0.001

jjc2020 | p-value 0.002
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hedrmal 8- Fiot

khh2019 | p-value 0.015

khh2020 | p-value 0.308

kuh2019 | p-value 0.349

Mol G.9 Sn
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Mol ©.3 Sml

kuh2020 | p-value 0.019

1gd2019 | p-value 0.087

1gd2020 | p-value 0.010
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Method K-squared DF P-value
Bartlett test 1.4078 3 0.7037
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00:00 ~ 03:00 20.30 68.83 562.81 0.00

04:00 ~ 07:00 20.69 70.47 554.37 11.05

. 08:00 ~ 11:00 28.44 42.35 411.38 200.38
- 12:00 ~ 15:00 31.27 24.66 386.36 250.27
16:00 ~ 19:00 27.24 37.21 400.90 84.36

20:00 ~ 23:00 21.24 65.44 507.82 0.00

00:00 ~ 03:00 1953 70.43 722.42 0.00

04:00 ~ 07:00 19.84 71.09 788.88 14.10

. 08:00 ~ 11:00 27.80 41.96 426.55 204.85
- 12:00 ~ 15:00 29.4 32.07 379.09 189.72
16:00 ~ 19:00 24.84 50.65 424.66 27.30

20:00 ~ 23:00 20.70 68.47 626.86 0.00

00:00 ~ 03:00 15.20 73.86 1205.17 0.00

04:00 ~ 07:00 15.01 73.88 1378.91 8.19

. 08:00 ~ 11:00 25.31 55.67 619.35 188.38
. 12:00 ~ 15:00 26.19 36.66 350.06 218.34
16:00 ~ 19:00 2031 62.81 468.88 27.66

20:00 ~ 23:00 16.25 73.77 913.69 0.00

00:00 ~ 03:00 10,65 73.64 952.73 0.00

04:00 ~ 07:00 10.14 73.71 1030.48 1.96

. 08:00 ~ 11:00 19.97 62.12 739.93 139.43
- 12:00 ~ 15:00 24.13 46.26 383.85 170.89
16:00 ~ 19:00 15.18 66.18 567.61 1355

20:00 ~ 23:00 11.41 73.34 835.38 0.00
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Google.“Cucumber Growing(Part I).”infoAgro. January 31, 2019.
http://agriculture.infoagro.com/crops/cucumber-growing—part-i-/.
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