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ABSTRACT : This study examined the impact of changes in agricultural production methods on society, the economy, and the
environment. While traditional open-field farming relied heavily on natural conditions, modern approaches, including greenhouse
and smart farming, have emerged to mitigate the effects of climate and seasonal variations. Facility horticulture has been on the
rise since the 1990s, and recently, there has been a growing interest in smart farms due to reasons such as climate change adaptation
and food security. We compared open-field spinach and greenhouse spinach using agricultural income survey data, and we also
compared greenhouse tomato cultivation with smart farming tomato cultivation, utilizing data from the smart farm survey reports.
The economic results showed that greenhouse spinach increased yield by 25.8% but experienced a 29% decrease in income due
to equipment depreciation. In the case of tomato production in smart farms, both yield and income increased by 36-39% and
34-46%, respectively. In terms of environmental impact, we also compared fertilizer and energy usage. It was found that greenhouse
spinach used 29% less fertilizer but 14% more energy compared to open-field spinach. Smart farming for tomatoes saw a negligible
decrease in electricity and fuel costs. Regarding the social impact, greenhouse spinach reduced labor hours by 31%, and the
introduction of smart farming for tomatoes led to an average 11% reduction in labor hours. This reduction is expected to have
a positive effect on sustainable farming. In conclusion, the transition from open-field to greenhouse cultivation and from greenhouse
cultivation to smart farming appears to yield positive effects on the economy, environment, and society. Particularly, the reduction
in labor hours is beneficial and could potentially contribute to an increase in rural populations.
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Figure 1. Changes in open filed vegetable area and
facility cultivation area
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Table 1. Number of samples(farms) in the reports

oy

1E

M

Source Agricultural income survey Smart farm report
Crops Spinach Tomato
Open-field Greenhouse Facility (Forcing) Ist Year Performance target
2018 41 42 54 - -
2019 50 51 59 45 34
2020 48 35 55 35 15
2021 45 36 56 48 43
2022 44 36 57 41 34
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Figure 2. Changes in spinach cultivation area by year Figure 3. Spinach cultivation area by province
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Figure 4. Cultivation area of field tomatoes and facility
tomatoes by year (data from “Institutional Vegetable
Greenhouse Status and Production Performance™)
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Figure 5. Field tomatoes and facility tomatoes
production by year
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Table 2. Income from open-field spinach and greenhouse
spinach (5-year average (2018-2022))

Open-field | T | Roge
Spinach (A) p(B) B/A)
Yield
(kg/10a) 1,148 1,445 1.258
Management expense
(KRW/10a) 1,089,895 1,846,405 1.694
Total income
(KRW/10a) 2975223 | 3,184,071 1.070
Agricultural income
(KRW/10a) 1,885,329 1,337,667 0.710
Agricultural income
except Depreciation 1.923.133 1 656379 0861
of facilities e ,020, .
(KRW/10a)

Table 3. Production before and after smart farm introduction (kg/10a)

Report year | Before smart farm(a) Smart farm (b) Rate (b/a) Facility cultivation* (c) Com([:)la:lrti is‘?;;;;iﬂ(lb/fgdlity
2019 11,048 15,055 1.363 11,894 1.266
2020 17,318 23,697 1.368 11,520 2.057
2021 8,858 12,188 1.376 11,510 1.059
2022 5,794 8,085 1.395 11,021 0.734

* Facility tomato (forcing) data from the agricultural income survey report
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Table 4. Agricultural income before and after smart farm introduction (KRW/10a)

Report year | Before smart farm(a) Smart farm (b) Rate (b/a) Facility cultivation* (c) Comfzftlij);i;:t?bECIllty
2019 10,859,391 14,702,148 1.354 9,746,631 1.508
2020 13,454,758 18,062,070 1.342 9,741,490 1.854
2021 10,063,333 14,703,333 1.461 11,244,269 1.308
2022 10,523,603 14,971,627 1.423 11,228,693 1.333

* Facility tomato (forcing) data from the agricultural income survey report
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Table 5. Fertilizer costs and wate & electricity costs for open field spinach and greenhouse spinach (5-year average(2018-2022))

Open-field spinach (a) Greenhouse spinach (b) Rate (b/a)
Management expense (KRW/kg) 949.05 1,277.79 1.346
Organic Fertilizer cost 156.93 110.24 0.702
(KRW/kg, %) (16.54) (8.63) 0.522
Water and electricity cost 31.36 35.65 1.137
(KRW/kg, %) (3.3) (2.79) 0.844

Table 6. Electricity and fuel costs before and after smart farm introduction (KRW/10a, as of 2019)

Before Smart farm(a) Smart farm (b) Rate (b/a) Facility cultivation* (c) Coms jlr:is‘?;i:::ﬂ(lb /fca)cﬂlty
Electricity 1,413,279 1,419,006 1.004
Fuel 2,439,452 2,428,000 0.995
Total 3,852,730 3,847,006 0.998 2,604,364 1.477

* Water and utility cost data for facility tomato (forcing) from the 2020 agricultural income survey report
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Table 7. Working hours for open-field spinach and greenhouse spinach (5-year average (2018-2022))
Open-field spinach (a) Greenhouse spinach (b) Rate (b/a)
Working hours per unit area (hours/10a) 144.96 100.34 0.692
Working hours per lkg production (hours/kg) 0.12623 0.06944 0.550

Table 8. Working hours before and after smart farm introduction (hours/10a)

Report year Before (a) Smart farm (b) Rate (b/a) Facility cultivation* (c) Comg jftlis\?;i;:?ﬂ(lbgmlty
2019 634.24 553.33 0.872 546.7 1.012
2020 467.58 42221 0.903 565.3 0.747
2021 475.15 387.97 0.817 543.9 0.713
2022 542.42 518.18 0.955 523.6 0.990

* Facility tomato (promotion) data from the agricultural income survey report
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