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Statistics



Total greenhouse area and heated area
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Soilless culture area (ha)

Soilless culture area and size
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Cultivation area of major greenhouse crops

1975 2016



Share of greenhouse crops in agricultural
production value in 2016

Others 72,766
Mushroom 3,836

Medicinal crops 8,556

Fruits 50,080
Greenhouse crops _ 56,052 (12%)
Field vegetables 56,828
Food crops 80,617
Livestock 192,297
0 50,000 100,000 150,000 200,000 250,000

* Source from MAFRA



Share of greenhouse crops among horticultural
production value in 2016

Fruits

Q,
50,080 (30%) Greenhouse crops
56,052 (33%)

Western vegetables__—
1,932 (1%)
Field vegetables Seasoning vegetables
21,694 (13%) 38,778 (23%)

* Source from MAFRA



Share of production value of greenhouse
crops in 2016

Root vegetables
125(0.2%)

Flowers
Leaf vegetalh

5,605(9.9%)

5362(948

* Source from MAFRA



Production value of different greenhouse crops
in 2016

Flowers 5,605 9 &

Melon 785
Pumpkin
Paprica

Green pepper

Oriental melon '3,742

Cucumber 275

Watermelon 882

Tomato 455

3,057

Strawberry

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000

* Source from MAFRA



Export (million US$)
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Market size of agricultural materials for protected
horticulture

1,167 3,576 3,751 981 1,015 326 1,518

(2013, &)

* KREI(R772), A|&30f| MAXXHAR{O] S1&ap Lx ok (2015)



Market size of smart farm (greenhouse)

Area (ha) 345 1,077 2,154 3,000 7,000

Market size

172.5 30 182 539 1,077 1,500 3,500
(&)

(0.5 & /ha. 2017)



Market size of smart farm (greenhouse) in Japan
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Analysis

O Greenhouse crops: 56,000(2016)  (Unit, =&)

- 12% share of agricultural products

- 33% share of horticultural crops
O Agricultural materials: 11,000(2013) - increasing
O Smart farms: 1,500(2017)

- 3,400(2020) - increasing



Current Situation



Current situations - agriculture and rural area

« Aging, population decline 57b o ojr)

« Small cultivation area 654 <14 %1 &%)
 FTA / 40.3

» Difference in income between urban 318 H_

and rural areas 2010 2016

‘ 353 B7HATF(RR)

285

« Urban agriculture mﬁ”

21.2

- Returning to rural area —

High-valued agricultural technologies
* Smart farms

2003 2007 2016

33.5%F
'|[| -‘3,'-,4| &£ |: _ﬁ"f}l

Wana-do-farming
Convenient farming
Expecting high-income o 27%

2005 2012 2016

MAFRA(2018)



Poor vegetable greenhouses

Single-span plastic
greenhouse 85%
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Failure of Saemangeum greenhouse complex (A)
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Agricultural situation change in Japan

Accelerating next-generation greenhouse complex

Export of greenhouses and plant factories

® & Next generation

10 greenhouse complex

s @ & J*‘w a9 4 « Use of local energy
(4. WER (MLB) | - ' * Production-process-distribution
K A « Cost-saving

 Job creation

* Increasing income
f{ + Consortium of farms
3 + Large-scale, environment-control
) {f‘ * Activation of local economy

apd Saitama Prefecture




Current situation in China

Greenhouse area
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Agricultural situation change in China

Drastic increase in vegetable consumption

Population movement from rural to urban areas
(8,000%+H, 2020)
Needs of additional greenhouses (420,000ha)

Advances of USA, EU, and Japanese companies to China

- Technology-based industrial infra-structure

2017.09.12 13:04

(ex) AessenseGrow (USA+China) (Urban agriculture Institute, 2020)




New trend in USA

Green Sense Farms: Indiana AeroFarms: Newark




_—
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« Difficulty in exporting crops to Japan

* Possibility in importing crops and technologies from China

_ 3 —

« Needs of the development of technologies with global competitiveness and

cost-saving

« Needs of high-valued smart farm technologies including production system,

"1 cultivation SW, and agricultural materials enough to export

—~

+ Technology development by major companies

+ Reasonable policy for coexistence of farmer and companies




Countermeasure trends of several countries

USA: ICT and big data-based agriculture innovation
Japan: Support of smart agriculture

China: Smart agriculture and modernization

Korea ?




Smart Farm Project

Agriculture as a future growth industry

L5

Increase: income by 30%
Increase: productivity by 30%
Reduction: labor cost by 10%

=

Upgrade of the existing modernized greenhouses

(7,000ha) -> Smart farms by 2020

(MAFRA, 2017)



Smart Farm-Innovation Valley (2018)

* Total 4 places in Korea (by 2022)

* 20 ha (smart-greenhouse production, industrial research,
education-training) / each place

* Max. 180 million USD / each place




Current research at RDA



New greenhouse models for crops

Paprika Tomato

Strawberry Grape




Greenhouse modelin

program

(GH Modeler - Shade)
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Greenhouse shade analysis by latitude,

direction, frame, time, etc.



Greenhouse insulation and energy efficient technologies

| Greenhouse insulation technologies

FEH 1 TS

i

Multi-layered insulationcurtain Outside coverings Automatic tunnel coverings

‘ Energy efficient technologies
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Heating duct
system cooling for strawberry (moving up and down)

Recycling water curtain Recovery device of exhaust heat Local heating and



Utilization of new regeneration energy

Heating and cooling systems using geothermal or underground water heat

(IS @)




Storage and utilization of rainwater

orrugated steel pipes.
N ) : Y




Practical cooling techniques in hot season




Application techniques of natural energy
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Horizontal ground source Groundwater heat pump Heat storage of
heat pump for greenhouse system surplus solar



Closed-loop hydroponic cultivation

v Ratio of closed systems in hydroponics
- Netherland 95%, Japan 45%, Korea < 5%

L=l o i PSoN

jllll. .- s

¢




Precise control of soil moisture content or
nutrient solutions

Precise irrigation control by load cel)



Greenhouse environment control by multi-variable
environment factors

e




Supplemental lighting with light-efficient
and energy-saving lamps

Plasma lamp High pressure sodium lamp



Integrating management system in greenhouse
environment and energy
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Automatic measurement vegetable growth information

Movable automatic measuring
system of growth information

s ~ s N
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Irrigation control by biometric information
using micro sensors
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Intensive culture of greenhouse crops for
high production and income

Hanging culture of strawberry Vertical plant factory



Current research at SNU



Growth and environment measurement system

Temperature
Humidity
CO2
10 plants i
- ] - i = 1= = // C t
HEYEYRY I
Ldag? T 1 . y

Irrigation
collector collector

Solution

Solenoid valve

« Moisture content, EC, pH, CO,, temperature, relative humidity, system
weight, drainage weight, irrigate weight, and growth.

Lee, Son et al. (2016)



Multi-variable photosynthetic modelling

[light Intensity (or temperature) x CO, levels x growth stage]

A=Stage 1
B=Stage 2
C=Stage 3
[T——— _ D=Stage4

2 S-l)

Photosynthetic rate (umolCO, m

-
CO, concentration (umol mol )

Jung, Son et al. (2016)



Environment control using growth model
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Total flavonoid content (TFC) by location
in leaves (ex)
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 Flavonoids accumulation were increased at UV-B stress

« TFC were significantly higher at UV-B stress treatment than the control.

Kim, Son et al. (KSHS2017)



Application of artificial neural network in
greenhouse environment control

| 0

Time
Time
Inside temperature
Temperature
Inside relative
Relative humidity humidity
Inside atmospheric
Substrate temperature pressure
Inside PPFD .

CO, concentration Inside CO,
: d@QQSﬁH@FQ@,F@tE concentrati
Leaf Area Index

Qutside

Moisture Content humidity

(itside atmospheric pressure

Solar radiation
Wind direction

EC
Wind velocity

pH

Transpiration rate Carbon dioxide concentration

Nam, Son et al. (2017) Moon, Son et al. (2017)



Concept of an on-line nutrient analyzer

Ion chromatography
for nutrient analysis

Electrical
conductivity : = @————= e —————— >

Detector

Seperate
columns

T Injecting

Automatic
sampler &
injector

Computer
HW/SW

<€

Fertilizer
injector

!

Nutrient solutions in soilless culture

Son and Takakura (1985)



Root zone EC (dS'm'")

Estimation of EC using deep learning
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Moon, Son et al. (2018)



Estimation of ion concentration and balance

lon concentration (meq - L")
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Moon, Son et al. (IHC2018)



Photomorphogenesis of cucumber plants

Kang, Son et al. IHC2018)



Estimation of canopy photosynthesis
by 3D modelling and ray-tracing

PC

CO;
analyzer

Whole plant photosynthesis rate (umol/m?s)

o tames | (Photosynthesis)

PPFD
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Change in canopy photosynthetic rate
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Light use efficiency with diffuse radiation

Light use
Fresh Dry Leaf ' LUE of
Treatment . . 5 efficiency . .
weight (g) weight (g) area (cm”) diffuse fraction
(LUE)
Control 81.5b” 46D 1065.6 ¢ 136D 13.6b
Haze 40% 85.2 ab 4.9 ab 113840 14.4 ab 15.6a
Haze 80% 88.5a 52a 1267.0 a 15.1a 15.5a

Direct e

(1-5-z-w-jow) Aysusyur 3yb17

Diffuse *

0

Kang, Son et al. (2016)



Light interception by floor reflectance
in plant factory

Spacing __

Top view

§ Occui area ’. Front View

Bottom view

Kim, Son et al. (KSHS2018)



Research Direction



Consideration factors for research in Korea

O Local climate (four seasons)
O Local regional situation

O Surrounding environments
O New technology and trend

d Road map and platform



Changes in surrounding environments

Japan: local and small-scale agriculture

- global and large-scale agriculture

China: low-input production

- large-scale and advanced technology

EU: large-scale glasshouse and automation

- Expanding to plant factory

USA: large-scale but local agriculture

- Expanding to plant factory and export



Countries of the Same Latitude on Earth
0




Changes in maximum, minimum, and
average temperatures for recent 10 years

Seoul

KMA (2018)




Scenario of climate
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Local situation

A short history in development of theory and technology
(from 1970-1980)
Emphasis on applications and evaluation of the theory and

technology imported from advanced countries.

Establishment of total strategies for year-round cultivation
under clear four seasons

Non-linear conditions (cf. Nethelands)

Different conditions (cf. Japan)

Package-type technologies suitable for Korea



Conclusion



Research direction in protected horticulture

Global
competitiveness

—r—

Science
Technology
Industry
for Korea

Global issue

Smart technology

Regional climate

Regional practice

Road map / platform



Prof. T Kozai, Chiba U, Japan

Prof. JE Son, SNU, Korea IHC2018, Tu rkey
Prof. Q Yang, CAAS, Japan
Prof. M Kacira, U of Arizona, USA Plant Factory 2019’ Korea

W\, ¢ i \.f“ : ‘\5’ /
| ' |

J




- Thank you for y

2018. 10. 19, KSHS



