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ABSTRACT

Purpose: This study aims to analyze the management performance and production efficiency of strawberry
farmers who introduced smart farming, one of the primary symbols of the fourth industrial revolution in the
agricultural sector.

Methods: We conducted an empirical survey of strawberry farms using smart farming and analyzed production
efficiency using DEA method.

Results: First, difficulties for strawberry farmers introducing smart farming included time and money spent
on parts replacement and additional costs due to compatibility problems with existing facilities after the
adoption. Second, strawberry farmers using smart farming increased their total income by producing higher
yield and improving quality thanks to the competent growth management. Third, the analysis of production
efficiencies before and after smart farming found improvement in technical efficiency, pure technical effi-
ciency, and scale efficiency. But, the gaps in technical and scale efficiencies among the farms widened.
Conclusion: Based on the results above, following policy suggestions are offered. First, an environment control
technology suitable for strawberry farming needs to be developed. Second, the smart farming technology
needs to be standardized by the government. Third, new smart farm models need to be developed to accom—
modate to the facilities and environment in Korea through collecting big data including high—quality data on
the environment, growth, and yield. Fourth, continuing education needs to be provided to narrow the gap

in smart farming technology among strawberry farmers.
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Table 1. Definition of input and output variables

Variables Definition
] land (m’) sum of land area
Input variables -
cost (thousand won) production cost
Output variables income (thousand won) total agricultural income
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3.1 AufEy &8 4

7)ol Aol Qs theA| ek = Sk @]
A B sk ol W), fEA, 23, 7] Fol A Uehgeh

Table 2. Ratio of environmental control facility installation at strawberry smart farm

Items ratio(%)
Single ceiling 65.5
Double ceiling 44.8
Side window 96.6
Ceiling warming screen 72.4
Side warming screen 75.9
Warming cover switch 0.0
Shading screen 41.4
Heater 100.0
COz feeder 37.9
Light intensity control 44.8
Fumigator 10.3
Circulation fan 100.0
Overhead sprayer 34.5
Irrigation fertigation 82.8
Nutrient solution supply system 96.6
PASAANE L5, S5, $F, B4, N 5 4EA%) Do FYARE AN Z AT Fol ZmjE
FO) BYAIE hsabl She ATk PNYOR WIS ool SEAN, FRAN, FEAN, YA
A, FHAA ol AT, YRl LEAN, FEAA, COAM, FRAA, A LA o X}
B7] 2ntER Q1w 7he] Hidahe-2 o S AA AW E-2 Table 39 o] 23414 75.9%, FFAA
79.4%, F45A1 79.4%, DAFEAA 79.4%, -4 86.2%2 ZAFE AT HIDER$-2 UF-9] 84544 A
HIE&E 22414 100.0%, FEAA 89.7%, COAA 79.3%, BFAA 53.6%, A&AA 66.7%= ZAHE ATk
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Table 3. Installation percentage of environmental measure cense at strawberry smart farm

(Unit: %)
ltems Number of installation
0 1 2 more than 3
Temperature 24.1 72.4 3.5 0.0
Direction of the wind 20.7 75.9 3.5 0.0
Outside Wind speed 20.7 75.9 3.5 0.0
Insolation 20.7 75.9 3.5 0.0
Rain 13.8 86.2 0.0 0.0
Temperature 0.0 6.9 448 48.3
Humidity 10.3 13.8 41.4 34.5
Inner COq 20.7 62.1 10.3 6.9
Intensity of radiation 46.4 39.3 10.7 3.6
Soil temperature 33.3 48.2 7.4 11.1

7he) BEFEL Table 49 o] ), ‘wlS-

x =

¢} v

SHAS AN 75.9%, SAA L= 65.5%, P A A 75.8%, 27
3

Table 4. Level of utilizing strawberry smart farm

(Unit: %)

Utilization level Very Low Low Average High Very high
Computer 0.0 20.7 17.2 34.5 27.6
Environmental measurement sensor 0.0 0.0 24.1 62.1 13.8
Environmental control 0.0 10.3 o4 1 517 13.8

program

Environmental control facility 0.0 3.4 20.7 58.6 17.2
Environmental information interpretation 0.0 3.4 17.2 62.1 17.2
Growth control using the environmental information 0.0 0.0 27.6 62.1 10.3

T EETte] 28 A ol 2AEE }f& 7} Table 59} ko] ‘wj$- EAl7} By, “EA)7} gy o
= Al 10.3%, FFAA v 20.7%, F-EwA Al AIZEAA 37.9%, 3744
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Table 5. Difficulties in strawberry smart farm

(Unit: %)

Item prolgflgrrgati c Problematic Neutral noAé?é)%SlEam No aﬁrc;lﬁlem
Smartphone connection 0.0 10.3 24.1 48.3 17.2
Expenses for parts replacement 0.0 20.7 13.8 62.1 3.4
Time delays due to parts replacement 13.8 24.1 10.3 48.3 3.4
Adjusting environment settings 3.4 6.9 24.1 58.6 6.9
Extra expenses after the adoption 6.9 13.8 20.7 51.7 6.9

(Table 6).
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Table 6. Management result before and after strawberry smart farming

Before(A) After(B) T
Item
Mean SD Mean SD (A-B)
Gross income 183,422 122,675 198,850 138,513 -3.36™
(thousand won)
Operating costs 94,382 68.647 96,328 71.851 252"
(thousand won)
Product(kg) 28,039 22,646 28,535 23,374 -2.29"
Price(won/kg) 7.179 1,862 7,552 1,842 -3.63™
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Table 7. Operating costs before and after strawberry smart farming
(unit: thousand won)

Ttem Before After T
Mean SD Mean SD

Fertilizer 4,114 5,533 4,211 5,553 -1.30
Chemicals 5,041 4,943 5,444 5,594 -1.90%
Fuel, lube, and electricity 11,330 13,543 11,631 14,683 -0.99
Other materials 27,382 22,767 26,994 22,799 -2.55"
Depreciation 13,515 10,733 14,313 10,955 -5.82™"
Hired labor 15,743 21,327 16,478 24,088 -0.99

% p < 0.01, # p < 0.05, * p <0.1
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Table 8. Analysis of production efficiency before and after strawberry smart farming

Technical Efficiency Pure Technical Efficiency Scale Efficiency

Item
Before After T Before After T Before After T

Mean of efficiency 0.418 | 0.445 | -3.31""| 0.557 | 0579 |-2.79™ | 0.764 | 0.782 | -2.43"
SD 0.180 | 0.180 - 0.231 0.234 - 0.141 0.128 -
Ccv 2.314 | 2.475 - 2.405 | 2474 - 5419 | 6.109 -

w0k p < 0.01, =+ p < 0.05



Choi & Lim : Statistical analysis of Production Efficiency on the Strawberry Farms Using Smart Farming 715

4. 2 &
B ATAE YRS 43 A e HEAQ Folehn 5 9t 2HERS mUF W] 518 by
o= PHEEYS BASHAG
] 2nbEg Rkl SfRARE FELA A AL A, FELA 0§ B, B9 F A1E A4 534

2Az > \ = %
sH 7140l Qo] 7ok 2olERS sl AT ot AoEY QAT AT S ASUE 5 fE 4
ol WART nebd AriER 7149 SHEESE AAsel AF GAV sk ehE 5 St
P @ selok @ Zloltt

=] H S = L G =R 4 A= Qe
ol S FAol FAHUA Fdlo] SN, BR 5 ST A TR TAS 5, 14 718
W F7), snleg A7 57 5o At ST, 2ed BYow $49 7k Fgurhs @
Wb 2 e gt 9] AviEg B9ETte) g S7H] We olfis A%uel B Ao B
F45 Agshs HRLAA7E obd dhealefo]7] wisteolr). webx wrjd] Heet Hgebd Ao 7] AlH
dslofor & Zlojrt. o]Y fsiM = AR, AR, FAR 5o o vdoly s3] A4ds] desit.
Ao AupER Qo R g8l SUHE AAT = sl B F w7 i el AL S8
Ak AMEAL Y] mYL F7E S ATl ol Aol A RS @ 5 QS mokEY] Wi
of ArtAQl g&Adel S7keklaL, e AnEALES A 837 Hsir= Al 1 23 2 A 28
T Aol To2 a8 A v AX Ao AR wEbA A &A1 AL AvtE asE F NE
s7Fe Ve AE ek, vleEe oy Aol B3 Fodlel A Raw Ak 2ad Aol
= ATE ATERS BT Y] s7HE o R ARAE AAlste] AvtEge] &8, 49 aeA
e ol BFE 9de At 2Ry AvkESE o] 27jdAlRt a7 A0t A0l vk o
S8 el AvtERE S Badhy] fla) vt A7t o] FoAd YR

REFERENCES

Banker, R. D., Charnes, A. and Cooper, W. W. 1984. “Models for the Estimation of Technical and Scale
Efficiencies in Data Envelopment Analysis.” Management Science 30:1078-1092.

Charnes, A., Cooper, W. W., and Rhodes, E. 1978. “Measuring Efficiency of Decision Making Unit.” European
Journal of Operations Research 2:429-444,

Chae, C. J,, Han, S. K., and Cho, H. J. 2016. "Security Vulnerability and Countermeasures in Smart Farm." Journal
of Digital Convergence 14(11):313-318

Farrell, M. J. 1957. “The Measurement of Productive Efficiency.” Journal of the Royal Statistical
Society(120):253-290.

Goh, J. T. and Lee, H. M. 2011. "A Study on the Management Efficiency of Kangwon Paprika Export Farms Using
DEA." Korean journal of food marketing economics 28(2):1-23.

Heo, J. N. and Kim, T. K. 2001. “A Comparison of Alternative Approaches to the Measurement of Technical



716 J Korean Soc Qual Manag Vol. 46, No.3: 707-716, September 2018

Efficiency on Existing Outlier.” Korea Journal of Agricultural Management and Policy 28(4):683-702.

Hong, S. J., and Park, J. H. 2008. "An Analysis on the Technical Efficiency of Garlic Farming in Korea." Journal
of Agriculture & Life Sciences 42(4):59-67.

Hwang, S. L, Joo, J. M., and Joo, S. Y., 2015. "[CT-Based Smart Farm Factory Systems through the Case of
Hydroponic Ginseng Plant Factory." The Journal of Korean Institute of Communications and Information
Sciences 40(4):780-790.

Kim, Y. J., Gouk, S. Y., Kim, Y. R., Lee, M. G., Kim, J. S., Kim, Y. H., Min, K. T., Ji, I. B,, and Sim, J. H. 2013.
The Present Status and Development Direction of Smart Agriculture. Korea Rural Economic Institute.

Lin, Q. L., Rhee, J. W., and Hong, N. G. 2014. "An Analysis of Production Efficiency of Controlled Tomato
Production." Korea Journal of Agricultural Management and Policy 41(3):380-399.

Lovell, C. A. K. 1993. Production Frontiers and Productive Efficiency. in Fried, H.O., C.A.K Lovell and S.S.
Schmidt Eds. The Measurement of Productive Efficiency: Techniques and Applications, Oxford University
Press, New York.

Sharma, K. R., Leung, P. and Zaleski, H. M. 1997. “Productive Efficiency of Swine Industry in Hawaii: Stochastic
Frontier vs. Data Envelopment Analysis.” Journal of Productivity Analysis 8:447-459.

Suh, D. S., and Kim, Y. J. 2016. "A Study on Priority of Policy for Smart Farming System Using AHP Approach."
Journal of the Korea Academia-Industrial cooperation Society 17(11):348-354.

Yeo, U. H,, Lee, I. B,, Kwon, K. S., Ha, T. H., Park, S. J., Kim, R. W., and Lee, S.Y. 2016. "Analysis of Research
Trend and Core TechnologiesBased on ICT to Materialize Smart-farm." Protected Horticulture and Plant
Factory 25(1):30-41.





