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ABSTRACT
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A 2ol et HA e AT o A

The introduction of smart greenhouses has enabled the accumulation of big data, leading to extensive research on enhancing crop
productivity. In this study, we developed models for improving tomato productivity using environmental, growth, and yield data
collected from tomato smart greenhouses over a six-year period from 2016 to 2022. Data from 93 farms were collected and
standardized, then categorized into leading (top 20%) and normal farms (bottom 80%) based on yield. Environmental factors such as
solar radiation, nighttime temperatures, and irrigation amounts, and growth factors such as growth length, number of leaves, thickness
of stem, and stem length from the growing tip to the first inflorescence, showed a strong correlation with yield. We presented the
average values of periods showing the highest correlation with yield for each growth stage as the optimal environment and suitable
growth conditions. To provide optimal environment services tailored to farm conditions, we divided the environment into 12 zones
based on solar radiation and outside temperature, and expressed the optimal environment corresponding to the maximum yield for each
zone. The developed model is accessible to the public through a website (https://smartfarm.rda.go.kr), offering information on growth
stages and optimal environments suitable for current conditions to farmers.
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Table 1. Data description for productivity enhancement modelling
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Fig. 1. Changes in environmental factors (temperature and relative humidity (A), solar radiation and CO, concentration (B)) in
leading (top 20% tomato quantity) and normal farms for plastic house tomatoes. Daytime, from sunrise to sunset
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Fig. 2. Changes in irrigational environmental factors (irrigation amount (A), EC value (B), and pH value (C)) in leading (top 20%
tomato quantity) and normal farms for plastic house tomatoes
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Fig. 3. Changes in growth parameters (growth length (A), internode length to the first cluster (B), and stem diameter (C)) in
leading (top 20% tomato quantity) and normal farms for plastic house tomatoes
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Table 2. The results of regression analysis using environmental and production data for plastic house tomatoes. " is significant
at p-value<0.05

2 H(8F F4) BB EEF2AD B t-value (p-value)
() 4.95(0.75) - 6.64"(<.0001)
A A 0.00(0.00) 0.28 5.96'(<.0001)
U5 7 ]2(24h) 0.44(0.18) 0.88 2.42°(0.02)
A 7] 0.22(0.06) 0.37 3.85°(0.00)
F7l -0.28(0.10) -0.56 -2.80°(0.01)
oKt 7] -0.44(0.11) -0.76 -3.85°(0.00)
Q7] 71 -0.03(0.01) -0.15 -2.89"(0.00)
FEE 0.00(0.00) 0.02 0.54(0.59)
FECO, T 0.00(0.00) 0.05 1.84(0.07)
FHEC -0.01(0.12) -0.00 -0.06(0.95)
&l pH -0.57(0.08) -0.18 -7.01°(<.0001)
T 39(D) 0.01(0.01) 0.05 1.22(0.22)
T HD) 0.00(0.00) 0.28 8.63°(<.0001)

Table 3. The duration utilized for calculating optimal environmental conditions for tomato each growth stage
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Table 4. Changes in solar radiation, temperature, and tomato production during data collection period

S 2] AAEKJ/em?) QIE 71.2(°C) Ui 71:(0) ike/3.3m’/5)
17~18 27 13214 1182 20.0a 22b
1819 27 1311a 11.0a 19.8a 26a
’19~20 27] 1243 b 11.7a 19.6a 20c
20~21 27] 1295 a 11.8a 19.7a 2.1bc
21~22 27 1223b 114a 20.0a 2.1bc

“significant at 0.05 level

Table 5. Changes in temperature and tomato production according to solar radiation during data collection period

=2 A I/emd) 2] 5 QI 7]2(TC) % 712(C) Tkg/3.3m’/F)

’17~18 217 5.9bc 179b 2.1ab
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900 HITH1THA) ’19~20 27| 95a 18.6a 1.8b
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21~22 Z17] 76¢ 180¢c 2.1b

* significant at 0.05 level
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Table 6. The correlation coefficient between growth variables and quantities

e iz A B5 15 219 A5 25 A1 S
AL p-value Al p-value Al p-value
Aol 0.042 0.029 0.039 0.038 0.026 0.158
a5 0.186 0.000 0.196 0.000 0.193 0.000
g -0.025 0.172 -0.025 0.177 -0.035 0.054
FE -0.042 0.024 -0.036 0.044 -0.034 0.058
=71F71 -0.050 0.007 -0.031 0.089 -0.015 0.407
Sh=ol -0.035 0.072 -0.026 0.173 -0.028 0.137
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Table 7. The maximum quantity per growth stage of the developed productivity enhancement model
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Table 8. Optimal conditions and maximum quantity per solar radiation and outdoor temperature for the 5 growth stage

CRVRE| Wlvle | WYY | e | oRble | FueE | COLC | wher | Qe | oelEc
(/em?) (0) (kg/5) (0 (0) (%) x5 (cc/ (dS/m)
(ppm)
2.9 21.0~252 | 21.1~252 | 77.9~90.0 - - 5.97~6.18 | 2.06~2.21
14.2~22.3 1.4 264~27.1 | 204~21.1 | 71.6~75.2 383~413 - 5.97~6.18 | 2.06~2.21
0.7 25.9~26.4 | 204~21.1 | 75.2~779 413~470 - - -
33 25.2~259 | 154~18.9 | 53.4~68.0 - 1,060~1,428 | 5.33~5.63 | 2.21~2.33
1,810~2,771| 6.5~14.2 3.1 21.0~25.2 | 21.1~25.2 | 77.9~90.0 - - 5.97~6.18 | 2.06~2.21
2.5 25.9~26.4 19.6~20.4 | 75.2~77.9 - 121~825 5.63~5.80 1.82~2.06
44 21.0~25.2 15.4~18.9 | 68.0~71.6 413~470 - 5.63~5.80 | 2.33~2.49
1.7~6.5 43 26.4~27.1 15.4~18.9 | 68.0~71.6 383~413 |1,753~2,305| 6.18~6.64 | 2.06~2.21
4.1 25.2~25.9 15.4~18.9 | 68.0~71.6 - 1,428~1,753 - 2.49~2.69
33 259~264 | 204~21.1 | 71.6~75.2 - 825~1,060 | 5.80~5.97 | 2.06~2.21
14.2~22.3 2.5 26.4~27.1 21.1~252 | 71.6~75.2 - 825~1,060 | 5.80~5.97 | 2.06~2.21
2.1 25.9~26.4 | 204~21.1 | 77.9~90.0 - - - -
3.5 27.1~32.3 18.9~19.6 | 68.0~71.6 383~413 |1,753~2,305| 6.18~6.64 | 2.06~2.21
1,538~1,810| 6.5~14.2 33 26.4~27.1 19.6~20.4 | 68.0~71.6 - 1,753~2,305 - 2.21~2.33
3.1 25.9~26.4 19.6~20.4 | 68.0~71.6 - 825~1,060 | 5.63~5.80 | 2.06~2.21
4.0 25.2~25.9 18.9~19.6 | 68.0~71.6 - 1,753~2,305 - 2.06~2.21
1.7~6.5 3.7 25.9~26.4 18.9~19.6 | 77.9~90.0 - 1,753~2,305 - -
33 21.0~25.2 154~18.9 | 71.6~75.2 - 1,753~2,305| 5.97~6.18 | 2.33~2.49
3.9 25.9-26.4 | 18.9~19.6 | 53.4~68.0 470~664 | 1,060~1,428 | 6.18~6.64 | 2.49~2.69
14.2~22.3 32 21.0-252 | 154~18.9 | 53.4~68.0 470~664 | 1,060~1,428 | 6.18~6.64 | 2.49~2.69
2.6 27.1~32.3 | 204~21.1 75.2~77.9 330~383 825~1,060 | 5.80~5.97 | 2.49~2.69
3.9 25.9~-26.4 15.4~18.9 | 68.0~71.6 383~413 - 5.63~5.80 | 2.33~2.49
1,254~1,538 | 6.5~14.2 3.6 25.9~26.4 19.6~20.4 | 77.9~90.0 - 1,753~2,305 - -
3.6 259~264 | 20.4~21.1 | 77.9~90.0 - 1,753~2,305 - -
4.5 21.0~25.2 19.6~20.4 | 77.9~90.0 - - - -
1.7~6.5 2.3 21.0~25.2 15.4~18.9 | 77.9~90.0 - 825~1,060 | 5.80~5.97 | 2.06~2.21
1.8 25.9-26.4 | 18.9~19.6 | 71.6~75.2 383~413 - - -
3.7 264~27.1 | 204~21.1 | 71.6~75.2 383~413 - - -
14.2~22.3 2.1 27.1~32.3 | 204~21.1 71.6~75.2 470~664 |1,060~1,428 | 5.33~5.63 | 2.49~2.69
1.8 27.1~32.3 | 21.1~25.2 | 77.9~90.0 - 1,428~1,753 - -
33 21.0~252 | 204~21.1 | 71.6~75.2 - - - -
552~1,254 6.5~14.2 3.2 25.2~25.9 18.9~19.6 | 53.4~68.0 470~664 121~825 - 2.21~2.33
3.2 264~27.1 | 204~21.1 | 71.6~75.2 383~413 - - -
34 21.0~25.2 18.9~19.6 | 75.2~77.9 - 1,428~1,753 | 6.18~6.64 | 2.33~2.49
1.7~6.5 33 21.0-252 | 154~18.9 | 75.2~719 - 1,428~1,753 | 6.18~6.64 | 2.33~2.49
2.8 21.0-252 | 19.6~20.4 | 71.6~75.2 330~383 - - -
HHE A2 % gk, wal, 92tk ul A A Fa) S5 te] W ko] G2 ofE RIS Mol Hel we] 4
S} ol Ao} 8 Holor] A4 Hlm BASK 5 a7t sk P2 Holelg AlFskAl siick



30 ° The Society of Convergence Knowledge Vol.12, No.3, 2024

Q) semsy  AEE HHITLH MpMHL 230 MuaaW | ARUE = =<

AOEH
HHEFLY QM H| 2

LA A=Y sy A58

‘15’21\ O us=

UAZE A ZhE A H AL HOIE Al

Iafiday)  S7I7I2(0)  MMB(koB3m) L FBLE(C) FHHZLE(Q) O FRLE(C) MHABE(C) TUBISE(H) HECOipent
1810210 182223 61 28245 238309 I3 15160 44699 3341
1810-2770 142-223 56 195208 226238 163173 160-168 69.9-735 233
1810-2770 142-223 56 195208 160-205 173239 - 77.2-808
1810-2770 142-223 54 208-246 160-205 173239 - 77.2-808
10102770 142223 52 200246 226200 173239 160239 00.0-095 2036
1810-2770 65142 74 195208 226238 156163 155-16.0 454699 36341
1810-2770 65142 70 195208 226238 163173 160-168 69.9-735 233
1810-2770 65142 63 185195 215226 156163 155-16.0 69.9-735 36341
1810-2770 65-142 61 185105 21526 156-163 155160 699-735 41748
I\_l Ll r“ 7 1810-2.770 65-142 58 195208 226238 163173 160-168 69.9-735 363-41
@71 e 4y T mele) A E 45 18102770 2065 22 176185 215226 M1-149 100-148 - 36341
18102770 2065 16 176-185 205215 I~149 100-148 - 36341
wazn w2717 1810-2770 2065 13 135176 205215 M1-149 100148 - 36341
15401810 142-223 70 208246 238309 173239 168239 69.9-735 46652+
‘ >

R

Fig. 4. Web configuration screen
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Fig. 5. Web platform components
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