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WA EFDI-O DR ZEH S ETDRE
Problems to be addressed for recovery and reconstruction of
disaster regions through research and development

BEHKE XR—E
Kazunuki Oizumi, Miyagi University

RAAKREXDEHDIKR

Recovery from the Great East Japan Earthquake

O EHIZDWTIEH7EI5AEIRFH . (Farmland: almost 70% has been recovered.)
O BEBICOVTIE. 942D A B THESITHEENEFE . (Fishing ports: The capacity to
discharge has been recovered at almost 40% of the affected ports.)
O KEMIIZH7EITERZERIIR, (Fishery Processing Industry : almost 70% of the
affected facilities has been revived.
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REXKXKEXRMLEIR (ERZER)

Recovery from the Great East Japan Earthquake (Restarted entities)

BERENRKIL. 85% N EM. AERERIL. 98%H H (85% of the

agricultural entities and 95% of fishery entities have restarted activities.)
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RAAREXMLEIR (RERTEEEMS)

Recovery from the Great East Japan Earthquake (Agriculture Sales / income)

BERFIECHABOEIRIZ2ER. 3R T, 6ZIFEEDEIBEE, (60% of agricultural sales
and incomes has been recovered two year later)
YICHERREETSEIFHDEIREREENTLVS, (Recovery delayed (50 %) in greenhouse
horticulture .)
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REAXREXNE IR CAXIRFTEEERRT)

Recovery from the Great East Japan Earthquake (Fisheries sales / incomes)

KEYMDRFTEEORFIL5~6EIDEIBE., IZINITEERED. EHEAN:
3R MEIAEE(50 to 60% of the sales and incomes have been recovered, without
excluding the Fukushima Prefecture and including the Aomori Prefecture.)
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(Status of recovery and recnstruction)

BIBDES (. BA6BITRE ., FLELHMAMMSETHEMEMNZLY, (60% recovery has
been achieved. More time will be required.)

K ERITIK. AVTTDOHIE, D XTLOBIE., IS OHIE, LEF-EXKICL DR
DEELNHY . AR/ DNBEEEZRELIEIN TS, (Infrastructure , systems and
conventional concepts have been destroyed. Reduced reproduction is unavoidable.)

K FED AT LEBELUGVNEHIBAERET 5. [BIEMEEAWLE | (Without
introducing a new system, the regional community may be declined. Creative reconstruction
is necessary. )
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(Not a simple recovery but a creative reconstruction is necessary.)

BEITRELOF. RENDOHINENLGTEMRKEEZDER,

Competitive and efficient primary industry should be establihsed.
=REh A KEEDYTSAF—UBESEANEDEIR
Sanriku region: supply-chain introduction and incorporation should be achieved.
WEZETEHS REHOHIEGOEIH. KIRBEKHEESRE -BXDEA
Sendai costal plain region: competitive farms should be established (large-scale combined rice
production and horticulture should be introduced.)
H#E-|lx ENKABEZERE. AN LLEEREFEOLEREL- A5
Watari, Yamamoto regions: large-scale intensive horticulture should be established.
(Incorporation, selection of new farming entities from the public)

(AFTHIENFA, BLE500F THEADEE, EETHTCEAREDEMEHI3004 T, 1ZAEMA3SEAAN
BBRLTRE DZFTTHTIEESHY)
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Disaster recovery through horticulture promotion in Sendai
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WEZEFR TOREZREICISIRERERDAA—D

(Disaster recovery through horticulture promtion in Sendai

E=EEHOFRIK

Current status of recovery and reconstruction
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BEMNOEZHEELDDH S

Conventional horticulture is also being recovered and recon
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EHERILDE=
Horticulture in the northern reglons of Mlyagl Prefecture
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FIFITVELLGDIFEFNDOHAINEHEMKERDIBE ]

“Competitive / efficient primary industry” even more necessar
|Y |Y y y y

BABEEE (EX ENEEOMEOEEDER)

Strategy for rebuilding Japan: doubling of agricultural income

BMKEEERREXICTS

< BV EATE (KPD) >

510 £RET. £EMEABOSEIMN, TBEVLWFJICE->THRASIh, EEROEHD
RILTHWFOIADEEIR MR LETFHLAZIELEL., (EAREAXHESH
EANET D,

92020 FIZ6REXEDTHHHREZE10 KA FRK1IKA) &5,

92020 FIZEMKEY-BROH HEE% 1 IkA (FR1K$94,500 EA) &9 5, (In 2020,
€5%10 FHTOREEILEZEDHDID T, BE - ENESAKOMBLEEIELHIKE
RET D,

Turning agriculture, forestry and fishery industries into growth industries

Target:

@ In the next ten years, 80% of all farmland should be used by skilled and diverse responsible entities. Combined
with industry efforts, the cost of rice production by skilled and diverse responsible entities can be reduced by 40%
compared to the current national average cost. The number of corporate farmers will increase to 50,000 companies.
@ Expand the market for “the sixth industry” from the current 1 trillion yen to 10 trillion yen by 2020.

@ Expand the export of agricultural, forestry and fishery products and food produce from the current 450 billion yen
to 1 trillion yen by 2020.

4@ Formulate a strategy to double the income of farmers and of farming communities as a whole over the next ten
years in advancing a transition to “the sixth industry”

FIFTITVELLGDIFERENDOHOINEHIEMKERDIBE ]

“Competitive / efficient primary industry” even more necessary

HABEEE (RFX ENEEROMEOHBEDER)

Strategy for rebuilding Japan: doubling of agricultural income

BECOVTIE BV FADORMER - KR, EXSADILARZEIZRDIEE
DEYAFN TG, BX-BENEROMSOBIBEERT S-OICITRELEEEE
RIEBMIIERT DBENHD.

DEESADMBILFICLSEERE/ INIOBELIER
QREBILEEFICLH6REEL

QI KZE B = MEED R L

@EELSALLT VLI LB THEMIDHIRFEORRGREZERL
REGEEREIEHAATIKBEN DS,

Regarding agriculture, the Growth Strategy includes measures pertaining to the consolidation of
farmland by responsible entities and the expanded entry of companies. Meanwhile, agricultural
productivity must be radically increased to double the income of farmers and of farming communities.
This requires fully:

(Ddrawing on the know-how of company owners by accelerating private company participation

in agriculture,

@ developing “the sixth industry” (collaboration of primary, secondary and tertiary industries),

@ increasing added value by expanding exports,

@ pursuing an agricultural industry that allows “weekends” and “salaries” to encourage the
Provisional - participation of young people, and take bold structural reforms.
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HENDHONEHLGEMKEZDRBEICLEESNSCL

Requirements for competitive/efficient primary industry

[ BEADHLI—REXORED-HDICBEESDHIE
FLOAVISEE. HILLWO AT LOBE, HLOBZ - RBOMGE. KABE
PTHLREESNDDIE,
OTELPEDRERMDRTU OV ILEREET D]
QMEARENEMRBEREEDRE/ V1D, Bili. BMKEBEMNSF S
(BERMBEXDOBEDOOERSE-1TEIFE).
BIE . RKEORITHRORE (LinkiiERAERE. ROBMAABIZHRE .
%ERIEMNVRATLEEHANSZ U, BIEWBREZERTHTOCIIN BRICHRF.
(B HOFERMEE. FEEN TS BET IV /R—2av %)

| Requirements for competitive and efficient primary industry
New infrastructure, systems and concepts/inspirations are necessary. Especially, the
following is most required:
@ to general mobilize potentials of Japanese agricultural technologies/techniques,
@ to learn from management know-hows, technology, agricultural policies of other
countries.

(General guidance and action plan for reconstruction of agriculture, forestry and fisheries)
The former should be done in the framework of research projects of the Ministry of
Agriculture, Forestry and Fisheries, the latter should be done by the private sector.

BHENDHOINEHLEEMKEXDRRICBHEESNSCE

Requirements for competitive / efficient primary industry

0 R

KEMIIBETH IR ITEEN, £-. BLATIERICLIEDEOREDERIF, &5
IERRIEEENE . AL —REEXIEFNIH S, )

=h%, BlEREE ., SEMEMKEERRICHEU KR TLAEYICELTEHEVE
RSN TULVEWL, BDELZDIZREDREDER (55  THROEMEEE ~project
BEDREEEY . SHEMO R T LEAA—DT DML ELIZFEED—D)

Il Tasks

(There are various activities to support the primary industry, such as the introduction of
infrastructure in the field of the processing of fishery products, planting of rape-seed and
cotton by using various donated money as well as desalination.)

But, consideration is not sufficient for the establishment of a system for the creative
reconstruction and the realization of efficient agriculture, forestry and fisheries. It is
necessary to promote a social tendency for creation. (Reference: “World Wisdom for
Recovery Project” is one of small activities to promote a social tendency for creation and to
draw a image of an efficient system.)

BEHREHD
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HENDHONEHLGEMKEZDRBICLEESNSCL

Requirements for competitive / efficient primary industry

I IEEM—REXEZAA—DL, ZBESEHILICEALT, SEOIMFAORELE
& BET, BKEICEELITROTATERENEEND,
RKEFAIEDOL, REQLBEBHIHET HEANLEFND(RE

Il The Reconstruction Agency and the Ministry of Agriculture, Forestry and Fisheries should
take more positive measures in relation to the imagination of the efficient primary industry
and its dissemination, including the question of land use.

It | proposed that the Ministry of Agriculture, Forestry and Fisheries should promote the
former @ and the latter @ more actively.

BENOHOINRHG—REXRODRBICBLEESNDTLE

Requirements for competitive / efficient primary industry
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':;Efgﬁl"ems in relation to the reconstruction of the primary industry in Tohoku”
The current dimension and the management do not contribute to the
rggonstruction.
1° There is no recipient of private investment
m=r. Activation of private investment
@ " PArticipation of private companies is difficult
—Farmers and private companies collaboration should be sought.

- Therg”il::;; no farmland for private companies—2

o
iBECE




WM THEESNDEERE

Possible forms of farm management necessary in affected areas
REZREZEIT-HOOREMEDAIL

Creation of new forms of management to encourage private investment

EH@ET7YT 8BS NERHERRREORS

(increase of production} ( Establishment of competitive and efficient agriculture)
(KRR &% E =) (large-scale greenhouse horticulture bases)

BRI -m (KFRHEKEESREE) (large-scale complex rice production)

(3= 22 EE¥da Hi e 4th) (horticultural product export bases

(maintenance and

H B BETIVA/A—Yay

increase of employment) Example: stage agri-innovation
[ £ 3:3:5IN RS A -FRHRIL

ﬂf:#ﬁ’)*z%%’}bw BR (agriculture (participation and

ﬁg (farmers) productoin establishment of

(creation of a new companies) private companies)

business model)

- @
Introduction of the 6t industry/cooperation among agriculture,

o
and—industry

TROBEN - A/ INIDHRAZERT =HDRETE

Management to enhance the use of the capital, human resources and know-hows of enterprises

- ¢ N

BENOHOINRHG—REXRODRBICBLEESNDTLE

Requirements for competitive / efficient primary industry

f § IREORIKE FER T
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g /20! BRICE oI, TEEHIR, BEFBAINOTNS]
Wazs JKE -l FEDOEREZERL T RERIRRE
san —>RRTEMICH - B I R EAKRREL KB OCHEES

FIERR|
& There is no farmland.

There is a ?)”iﬁénty of farmland. It seems that a lot of farmland is utilized in an
ingfficient way. The offer of land for effective use is limited.

Areas affected by Tsunami is classified as areas with limited utilization for
residential and construction purposes.

—Such ar&as are best areas for private enterprises to conduct large scale
cultivation of rice and other up—land crops. It is urgent to find the way how to do

]this_ OIS

REM T, ChEESENTHNRER,
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WEZFETORFERAICIIEXERDAA—Y (ZXRIES

Image of agricultural reconstruction in Sendai (Second proposal)

> S T R (R HRE)
S B ERETRIBEET B 0hads, 51

T2 Fha, £RTELOEH TS ATRERHY

SN Y ox4 Vad

S

/El\ ; 5 Endangered areas (restricted for residence purposes)
2 ’

5 ‘ot ,/,

KERBES THARBAHRLISE, TOBOFIRHED
Hr-ENF OB MEEDBETIHAELD 2

EFE > SO Tl &t

,/ In the case of new farmland in endangered areas, who will use that?
<’ , Isit necessary to encourage new comers?
7
\*~¢’ 21

BENOHOINRHG—REXRODRBICBLEESNDTLE

Requirements for competitive / efficient primary industry

a AEH
p, £ _
i ¥ IR ORI KERERTEC R
ke T T ORBRCEERERTRERISESEL
e o8, B :
T EWHRIEBRAICTOATERDN, REOREICEDKSIC
= b REASN TS HDBEAHRIL TN,
7 A SHRBNORAEROBE. RFLLTOEMFROHE
e FREADRREMR, V)1—2a o BOEMHAROHFNARLND,
B BEZEZ. EROEEL-HMTEA
Rl 3. There is no technology
e mé lot of research and development activities have been conducted but
 without clear perspective for practical application.
AT 4 ¢ Conduct of technical research as practical education and the detection and
solution of problems, such as the Project for the Development of Innovative
Sl Technology.
@ AR Emergence of solution—type technical research
» Introduction of technology in cooperation with the private sector, taking
m mM%nto account the importance of management.

BEHREHD
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B EERBBEDEOD iRkt RASZ X

A Scheme to Revitalize Agriculture and Fisheries in Disaster Area through Deploying Highly Advanced Technology

O LinFEMEzRANVEXMORELZERIY RITEREBL TR NHINT-LEEEER
(to recover the agriculture in affected areas by using advanced technology and to promote a new promising
agriculture through technical innovation)

O FH25FEIL. EFFADKIAHEISMA. AFR. EBRICEVTE, (234527 MR- 4 58P0
#i1=IZBF22 % BA1A T % (In 2013, in addition to the experimental research already ~ [244FEF 5 &8 :7.6/8M)

conducted, new research activities will start in the Iwate and Fukushima Prefectures.) (255 B P 588 2418 )
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(WFE8T B E] HEMORE (ERBUTEN)
I BREEL | ety P RECLSI (EARA Db BRLERIN
TRDMNE

WA TRELESNDEMEREDRE

Technology needed in affected areas and issues in farm management

BEAREMTOBATETFELN . EH—REEDAA—CDHEE, [ A—VRBE~DEN,
ERO-ODEE~DEDLGE  WBEVFCEENVELLD,

The introduction of individual techniques is not sufficient. Wide knowledge and cooperation are necessary, such as the
establishment of a image of an efficient primary industry, efforts for disseminating the image, active participation in the
management for the realization of the image.

HROBE FIRRITRAICE DB ENDHLH—REXDRIH

Target of reconstruction Creation of competitive primary industry through the deployment of
/ Y advanced technology

EME7yT TEOEFA- AN -/ DFFA
B hEE-=-EN (increased Utilization of the capital, human resources and
BRDEZE (creation of production) I hows of private ies)
efficient agriculture) - | G FETIIVA/R—ay .I

= - -
e f i RS A-FRHLRIL

(KIFE MR EE ) Eﬁﬁwﬁﬁ 'ﬁ e (Argor[ljzuclttit:)r: (Participation and
(large-scale greenhouse HN(maintenance epnterprises) creation of new
horticulture bases) and increase of . _ . P, S —
(KiFBEKBEERE) | employment) 5 Y
(large-scale complex rice m
production) 3T - Teustry

(ExgEm@nEn) | BB SRR ’ ‘ R
(horticulture products ETLDEE BEMARAEXBEOLENE BEE~OEMHHR—

export bases) (establishment Sharing of targets is necessary Technical support for managers

of anew
BERMELAEREEORENOXEFEIOLR

) Process for sharing between agriculture engineers and managers

business model)

\ PN
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WA TR ELSNSHRIMEREDRE

Technology needed in affected areas and issues in farm management

tRoRR EHRIRMI-LHHP NOHE—RELDBH
Target Of reconStrUCtlon Creation of competitive primary industry through the of advanced
7 \f N
EROBEN-AM-/ONIDFHA
EhE7 YT

B hERThEY

REOHRE gﬁw&ﬁ- 8 A-Fatti
(RHARFESEE = E )

(RAEKmEAEE)
(EEREmRLES) | Hrarvh || < exERcAEIER O

AETILOH =
ES BRMAAEEFOBENE BEE~ORMTR—F

EREHELEEREEOBRENRAETOLR
\_ 4N Y,

BB EFRTHUEDNEFTETERL, EOLSGRETTANEESL, AARENOBEEBARITNITEER, BilfE (T,
B OERREESREMEIRBTHIBELNDD.

5 REEL, B OREELEFTIRNEBSERLETNITESE,.
BEEFOA—SHEHELREEISHESNIBEDD,

Innovative technology alone is not sufficient. It should be considered under which management environment the innovative technology can
be used effectively. Agricul i should be aware of the importance of the management under which his own technology can be
effectively used. Farmers need to understand himself which technology will i his The image of management
innovation should be shared between engineers and farmers.
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PN

National Agriculture and Food Research Organization

RE-BRERRNRAMRHE

(ZH T 5iERE=DEFDHED
Hu#H A EERRE

Technology transfer and research project
for the reconstruction of greenhouse horticulture

& EFIE sesemzm - Japan —Netherlands Joint Research

in the disaster-affected regions

(HBUHEE HRE2XURFR E NEMAEX
NARO Institute of Vegetable and Tea Science
Director-general Akio KOJIMA

N BHEBEMREREIF— Fri265£2H4H

Symposium on Horticulture 4 Feb. 2014

T LR R R B NI ARG ERANITIRAER KO TT
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WK D PR (2011.58 128 . EIEAT) = bR ERE

Vlews of dlsaster affected area in Watari town (12 MAY.2011)

iﬁFLT‘/ﬁJI—?‘.
- Accumulated sludge
- on the field

BRICHIESNISERIECD/NAT
INDR

Destroyed small film greenhouses by
the tsunami near the coast

o R (CHIRSN B E ANV R
= Destroyed rigid frame greenhouses
with a large amount of debris




‘é"jJ‘HS Hnng‘[b@%nﬂf

ii dﬁ'b(‘h Y61 it

n#ﬁﬁ%&ﬁi“ﬁﬁ& MERERIES X T L
® Functionally designed greenhouse and

: integrated environment control system
| REEEICHELE p ]
HERWOFN—FILRATLIE
1735 .&’\/ 3‘%& Systematize advanced techniques for a

i large-scale production - AFEE q

Strawberry bench Year-rom_m tomato

culture of hydroponics producyon Py low POd?-
. order pinching cultivation

Z:ZEBHE Goals of the research

AFTEMTREEITE VT, £EYWH =Y DIRLES50%H DU TUNEE
2{ELLBETIVERTT B

Demonstrate a high performance production system models which can
achieve the lowered production costs by 50%(weight basis) or the doubled
Ell profitability adjusted for large-scale greenhouses.

HRaL Y —S 7 LOERAS] €2 EpmilE

Organization of the research consortium

BIAFRIGIEIERS | RIS BRARZEWRA
Administration :

[ WAERRIRES : h
Participating research organization :
EHHE D ORZSPT  NARO another institutes 4
NYTFHERA RS
Prefectural agricultural experiment station 6
A% Universities 5

s |

WEFHESEEEAN 0 WGRA
Agricultural legal person for technical transfer: GRA Inc.
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SKRAERF i ER (LLITTET) DS &7

Model advanced greenhouse for producing strawberries and
tomatoes
(located in Yamamoto town, Miyagi Prefecture)

\ |M'vavvvvvv

Completion : May 2012

EIARER DO ER
Outline of the model facilities Rain storage
P tank 200m3
BiE
MKIK . = —
Sl I >y 7% RREHIERDHE T
N e T T el Specification of the main
i o q..:’! ; i ::p.ﬂ- | .
P T YT ¢ T R production house
1 A O O )
ST B - R A
= T ':I'omafloarka || g o | .i?é S;Ze 90m X 80m
sm‘=‘“'""""“""";;;;""'*-""' ------- : —_— - §5HHE*E total area
[T P - oz || B 7,200m?
T : H g - 5f& Eave height: 4.5m
e e - # B EH - Cladding
- i Strawberry area proveere: ' ~b material:
(793 i R } Strawberry )
strawberry | e ew | |movingbench I - BARE: TYRRIA
nJrFeryarea}’ﬁ 432) JIN
’] e e *Cladding material: Side, roof
Torammaa sz | |wouss § ~ ETFE film
\\
N m » .
Young plantlet collectiSh Short-day and night
6  house 360m? cooling treatments
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1. /FIREHR L=V BB
Strawberry production research Unit EE}H% * E

(A=yb—4F—EHEBEB Unit Leader: Inst.Miyagi Pref.)

OEFRFKE AT LLIEEREE
Precious control of nutrient and water supply in
bench culture
QU7 RERIEICLSEERBLRE-
mEDRE
Improvement the yield and flower formation by
the crown-temperature-control technique
QEBHDAFILERE
Application of the everbearing varieties during
high-temperature season
GYER - MR EERY ANf-/4FI DR
ERBEEE(IPM)
Integrated pest management technologies using
physical and biological methods

970 REREFL—T

A tube for crown temp. control

KU LBNT =D

Using natural enemies to

7 control spider mites
1 FIDD S RERIER M
Crown terr?per;ture contr;l technique %ﬁ}”% lﬁ

— _ _ Change in periodical yield pattern by the crown
77'7/1'%[” ?%ﬂméﬂ-f—?_l_j‘“ﬁ temperature control technique
20°COBKHKEGRT o o RIS E T B E AR OHTS =
Circulating about 20°C water within e

1400 the yield

plaStiC tubes 1200H  ARELHIfE | Crowntemp, contrm (5L
Fﬁﬁtﬁ| Conventional ( / x )

KFT Merits

Increase the first truss yield
1. FFEARIRE D R E 1
Stabilize periodical yield variation 200

QAFIADTEFHREEDBAGA TR,

1000

800
600

IR & (kg/10a)

Change the timing of flower formation 0 ‘— ——————

1" 12 1 2 3 4 5
and E]? growth A ©eF11A~EFsA)
3BRBREREE T IF CHTALF— 55 BEHEI & HIERDIK
Save energy for heatlng by lowered Expand strawberry harvesting period using the crown
setting temperatures temperature control technique

il
BitRil RE  Nighttimelow  jpig R

Collecting temperature  Planting Harvesting
seedlings treatment

A Month | 3] 4] 5] 6] 7] 8] ofro[11]12] 1] 2] 3[ 4[Vs]

Setting parent plant

fE% A—0O=0—EEEEEEEEHR
REH

B  £ERE wRELE

957 %H 95 M

Crown cooling Crown heating




REROYELRERRE (5 — BRRER EEHRT

Physical method for pest and disease coj

l;ll lllm

‘HPH F

7 /0
Insecticidal efrect by H|gh -level CO, =

UV-B BBSIZkZI R RO B , BHDCO, IMBDIKRT
S ——

Irradiation of UV-B ray promote the tolerance for
powdery mildew

W UV-B O 7 ] 38 el B 5
Nighttime 3 hours irradiation of UV-B

MR B AT RALEE (60%. 24BEfLIE) I2hY, NF =
DR - R - IRETELITTER.

24 hours treatment of 60% CO, killed adults,
larvae and eggs of spider mites

CO, T7/\vY

9 CO, gas bag
2. FYMEEBRI=VE £2 gn
Tomato research unit NARO EHI%IE

(=5 — B RFERER

Unit leader: Natl.Inst.\eg.Tea Sci.)
DEERZERERORBEE

High performance seedlings

QEIRMKEBECRATLEEREE
3
Low-cost cultivation system for
production of high-quality fruit
QERRKEOEFELIINDI=HDIR
1% il {8

Environment control for year-round

)\Ii‘é;‘lzéﬁ _ production of high yield and quality

Nursing under artificial lights ( LEDs) DREHIEDRERKBEEE(IPM)
The Integrated pest and disease control
:chniques

AB—TSoT405

Interplanting

10
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BRSO TR S — L0 Nl

Example of planting schedule of tomato low node-order pinching and high

density cultivation

Section _Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr.
T P) 3 1 5 5 7 B ] 10 1 2 T Z 3 q

FlE @ FlE & FlE 4 FLE FlLE & FlE & FlE & FlE @ FlE & F

Ty ke $ FlE$ FlE ¢ FlE ¢ FlE & FlE @ FlE &
1 o 3 =TT
Oo— - mEmm
O~ +——aEEEEn
| (@, {} EEEEn
P) [ N . L [ 11 |
O—f — .
O EEEEEEE
O——3 EmEn

3 [ i 1] |

G—/A—— (R

| 2 ezl

O:#%%1& Seeding A:ZXEM Secondary nursing O:%E#E planting M :JX# harvesting
{EER I D Feature of Low node-order pinching cultivation
1. REATLCEMICSEHMCEET S ETREDREEEH AT
Divide into several planting sections for year-round successive harvesting
2. FERDBEFILEEEHRROSE (BERFBH=5&%F 1it)
Small working load and distributed working time (suitable for old-aged or female workers)
3. BEXRDRERLLESHEILNLES
Increase fruit qualities and easy to produce high-brix fruits
. 4. EFDOFZKRATEEUREHELY  Low potential yield per year

3. HBEHETHEI=Vb
Common techniques research unit NARO
(A=yh)—5—: BR ITZFHEA Unit leader: Natl.Inst.Rural Eng.)

OXBEAFAREY THEOSEMFRE
ok Improvement of design of plant factory with
sunlight
QUECSY AT LI & B & IR F HilfE]

Integrated environment control using the
ubiquitous environment control system (UECS)
@EARBEIRILY—FIA

Utilization of natural energy such as solar energy
GOEPIREEDZERME=S) 2T EREE BRI O AT
s MEE—R KL Tomimee | Monitoring of inside environment distribution of

Geothermal heat pump system greenhouses and data mining of skillful farmers

i

(

— S o

s
Bla oz N TR ©« avro-n
=5 4 2. ; Lt
LT o () P
2 F 52w AWl

@t o . AEXSRBEGIESRT L
e e | VU se.] & wma. T (UECS) (959 Fts)
O— B R BT R3S P—— Monitoring and control
Sheet type heat exchanger S S N software in UECS

12




AEFHRFEHEY 27 LA (UECS)
Ubiguitous Environment System

Sensor Actuator
- niEw | @nnsoRk
Connection to each
Node of I/I III device
sensor | 434 Eh{EHBES
J—FK /—F Node of
5 . actuator

A —H Ry RLANER#R
Ethernet LAN cable

_________ whk. | Tablet
A 9;[;;); /Smartphone

7-4mK
fadt 7+

__________ -M6hitoring software

Internet

UECSDERE A A —
Image of UECS installation

Android Tablet

4B8%FE
Hi=/—F
Ryo X
Multiple
node box

(4 nodes
combined)

1 FIOBENYFEEI T A
Moving bench for strawberry production

| ETHE

SRR E Ry oDty b
Low temp. Automati
strage
robot
BN FEREEROBEED

A=

An image of various automatic

machines around the moving bench )
system 1

14 &;;‘-

=i E | Moving

BEAF (UTERE/ VI R)
Moving bench system
(Demonstration house)

Automatic
spraying for pest
and disease
control

BRhEANGEE

FRERFIA
AT L

Lo

Harvesting robot
IRFEOR b

Copyright (C) 2004-2005 4:8F-&2 4 —

ench
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EI/N\VRADEE-EE Operations of the £2 gy
demonstration greenhouse S EH*% *ﬁ
|

EEANVADEE LEEY DR
SElE(#R)GRADIE Y

GRA Inc. operates the
demonstration greenhouse and
sell the products.

AFI EYDOHTFE
Package of high-grade fruits

FYMEERFEHEOE RS
Package of tomatoes for sale

15

Wi B FTRIEDE o EhHsERE

Changes of strawberry cultivation type in the disaster-affected

area in south M!yagl Prefe;ture DA IAE. BB AT
lg 2T+ HHE

- Strawberry was cultivated on the

ground in small plastic-greenhouses,

conventionally.

WTKICKDIVA—E—h—T>
Spraying warm groundwater

BEXHEERIE. REH%EN\Y
A (#925a/8R) IZXDEBRAUF
B RARIE BRI
Strawberry was produced in
new larger greenhouses (ca.
0.25 ha) by rigid-frame with
bench culture in hydroponics.

BEHEHD
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WEBBI=E 1A FTEEOES o0 EhRErs
Restart of strawberry cultivation in the disaster-affected area in
south Miyagi Pref.

RE/NDR BHIENDR
Compartments for Compartments for
collecting young strawberry production
plantlets

FLCEE SN KB E/N\VRATHIELRIE (201398 . EEHX)
Strawberry cultivation was started from September, 2013 at new
greenhouses constructed rigid-frame. (Watari town)

17

g EEE~DXE

Support to farmers in the disaster—affected area

TWECHt X IEF— L1558 (20124108 ~)
Organized a technical support team for farmers in the area to restart
strawberry production after the disaster.

BERRRE - BEREHRF

B FIEEEEICETIMES
Convene seminars for strawberry bench culture
BAEZEDOKEEE

Visiting to farmers for technical advices
BEEE)—F—DAXILTYITXIE
Support to young leaders for skill-up




SHDMZEIERE Research subjects
for furthermore high performance NARO
\

/ MSIEER  Breeding varieties
=68 - ZINBFEDBR High yield and high quality

=008
WIZEFIME S 25 A\ Environment control system

UECSOO&E1EY I kD T PDIEE
Development of various UECS software
SIEXIZR  Countermeasure for high temperature

B{EEDBENL - EHIE Mechanization and labor-saving

€8 mnpmp e

BENkix > 25 /\ Automatic conveying system

BEHEHD
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National Agriculture
and Food Research Organization

Japan—Netherlands Joint Research Symposium on Horticulture

How to control growth of fruit vegetables through

growth control techniques for fruit vegetables to
improve their yield and quality
RXEOSIESRELIZDOEND
BHlEHERMTOEZE Y

Tadahisa Higashide
NARO Institute of Vegetable and Tea Science
EE BFRRAEURA R BAR

Food and Agriculture for the Future

Cucumber

Summer(EF)
8.4kg-m-2
Winter(&-%)

Tomato k< k Wweet pepper
Summer (&) 1$TU7

6.6kg-m- '
Winter(%%) 1985 1990 1995 2000 2005 2010

18.1kg-m2 Year

(Kwantitatieve Informatie voor de Glastuinbouw (KWIN 2005-2006))

T T T T 1
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Reason of the increase in yields E7'5=-="'3'N ARO

National Agriculture and Food Research Organization

« Developments of cultivation technique (1%
it M #3%); greenhouse transmission,
rockwool system, high wire system (LAI),
CO, enrichment, environmental control by
computers CREZEDJtHEBE, OvII—ILY
AT L, INA DAY —2 AT L (LA, CO, FEAE,
OV E 1 —RIZKDHEREHIE). ...

« Changes in cultivars (Z UVt SFED FKZE)

Target of environment control and crop S
management (4 &%) B #5531 5) &=NARO

National Agriculture and Food Research Organization

1. Control of rate of growth, development
and maturity (5 - B ERE DI ~O—
L)

> Temperature R E)

2. Increase in dry matter production
(MEEEZEPT)

- Light, CO, , Plant management
(o, ZBER =, BREE)
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Target of envirdhment%ont:rel and C—rep‘ ma\'nafgemEr@‘f\ 2
%: : I “
X Temperature c:ontroJr 4
deveﬁments and ripen
E’* EZ,.‘\JEF'L‘I m = T \

4 !'J‘

Effects of temperatures on plants

(RE LBV D RIG)

________________________________________________

________________________________________________

Indirect influence (F'EEJ%H’V‘%Z )




Crop management by temperature control

GREIFA—)LIZKSEMERE) A ALl
Vegetative growth stage (EHEE®R L EXRBREL)

Y eee—
Low temperature &R High temperature =8
Low leaf appearance High leaf appearance
5.0 5. [T

l.
Low LAl E=EMEIE S/ High LAl EEEEE - KX || small

leaf

Low mtercepted light High mtercepted light INEE
ZHE /D ZHE:

—_————— >

Low dry matter High dry matter ]
production ¥ B 4 7 : /]» production MIEAEE : K

High temperature on summer in Japan

(EACSTSEATORR) M

High inflorescence
appearance

High number of fruits

%%l%z:j(

High sink/source ratio

ERAE:X

BEHEHRS
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Weekly yield in greenhouse tomato on

summer in Japan (EFfM< D BRI =

Py
#NARO

National Agriculture and Food Research Organization

Higashide, 20009.
HortScience, 44,1874-1878.

1.6 24
N
= 19 4 g X
] 12 Solar radiation 18 EX £
2 10-4 DBA E232
N =TS —
g 08 1 112 2 L
o - £.8
g S 2%
N 17 R
=} L 2T
= 04 + 16 >&£8
& No. fruits et
> T S
(@)
A
0.0 T T T T T 0

Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05
Harvested date

Change in weekly yield coincided solar radiation at 10-4
days before anthesis. ;B UN=E D18 IEFATERTD B 5T & — .

Crop management by temperature control

CREaFO—)LIZKSEMETRE)
Reproductive growth stage (20 AL A HA)

Py
#NARO

National Agriculture and Food Research Organization

Low temperature{X;E PRSI ¥ High temperature=im

l

P High ripeness rate

ARG B

Low ripeness rate

Long days from anthesis to Long days from anthesis to
harvest BA{E >IN : & harvest B{E>UNFE : 52

Temperature l
T mE o
Large fruit size Small fruit size

—RE:X —RE:/

Dry matter production, Sink strength
=L BEEEE V) (BRB) DEEHY
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Dry matter production and intercepted

light (FARzEELEREZ A EDOHR)

)
th

*“NARO

National Agriculture and Food Research Organization

S 0,
S
S s
-8 — ® EEHE 30cm
St %00 o EHE5EHE 20cm
B ﬁzmo o HEINH 30cm
bl * HUEINH 20cm
g g 300 o 1F/IERATEHA 30cm
) g 200 « 1% 7EBATER 20cm
S o 3£ BE R 300m
T 0 « SBTEBIEM 200m
o
(@]

0
= 0 100 200 300 400 500

ZHE(MI-m?)
Cumulative intercepted light

The plant density or stage of seedlings at transplanting
did not influenced on light use efficiency (¥4~ &5 #A
DEWEFTDOAEFI AR RIZSZELELY).




AW
#NARO

National Agriculture and Food Research Organization

Dry matter production and intercepted

light ((REZMEELBRE I EDMER)

TDM(FREZ M A )
=LUE(SFIAZhE) X IL(ZHE

o0 ¢ TDM,; total dry matter production (g)
800 ¢ /’ LUE; light use efficiency (g MJ? PAR)
e ’ IL; Intercepted light (MJ PAR m2 m-2)
IlEmo |L=(1_e—kLA|).PAR
gsoo
‘gzoo
100

0 100 200 300 400 500
2HE(MI-m?)

= Yield = TDM X Fraction of truit DM

00\ B Wim H= =E (/T = XN Z\ A 1D
(MIZNEED ERP 77 0VAL =)

|

To increase in dry matter production and

yield (¥FZYEE - IREZEIF LT ICIL)

Py
“=NARO

National Agriculture and Food Research Organization

1 Target(B1E)

TDM ({252 4 E)

—

|L(§%%)
TOM(F¥REZYEE (IR E))
=LUE(EF B ER) X IL(ZH=

BRHEHS
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National Agriculture
and Food Research Organization

To increase in intercepted light by plants
EMDZHEZTIZMSEDIZIXL

]
ﬁ Target (B4E) /
g TOM(FREZ A FE (I )
8 =LUECEFIARIE) X IL(Z =)
IL(ZhE)
Food and Agriculture for the Future

To increase intercepted light by plants
SHEFIELTICIE?
— Increase in light in a greenhouse

(INDRADIEIEDT)
« Less structural frames(B# D7zl X)
* Improvement Covering materials

(HBBEMDOARER) ] e Decreased
- Artificial lighting &7 | —nsce

(*ﬁ ﬁlﬁ) %0:4 ] fI?g niteructure
g 0.3
C 02
301 -

. . 0 T T T )
Higashide, etal., 2014. — “e.0q 900 19200 1500  18:00

Bull. NIVTS, 13, i .
u , 13, in press Time
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To increase intercepted light by plants

SREFBOTIC(E? “?NARO

National Agriculture and Food Research Organization

—Increase in leaf area

FEERZELY)

* Enough plant density

(+ 5 )

* Promote leaf appearance
(FEDREIEHE)

Extra stems
EABELZD W
1.8 stemm2
— 2.6 stemm—2}§

Increase in leaf area increases IL or TDM?

EEEQIEMIEE AL IEICTHR D

Short term (2 H#A%E1E)

* Fraction of low-LAIl term: High
(LAID/NEWLEARE D EIE - K)

* Leaf area ™ = ILT = TDMD
(REEN > ZHAEN = BREYWEED)

Py
§2NARO

National Agriculture and Food Research Organization

Long term (K EA L 1)

* Fraction of low-LAl term: Low
(LAID /NSRRI DENE - /D)

* Leaf area I~ =34p——TJbMSD
(REE —2HEsnzipd )




Relationship intercepted light and LAl

gig ﬁ IE$ & % It % @ @ 1% National Agriculture and Food Research Organization

100 -

E
= 80 1 1- ek LAl
e -
£ £ 60 -
8
8 ;& 40
[
s —k=0.75
= 20 - — e
=] k=1.34
g
m 0 T T T T 1

0 1 2 3 4 5

LAI
Leaf area index; EMEFEEE(M?2 m?)

Yield= LUE X IL
IRE=HF AN x Zk

To increase in yield in long term cultivation (&
HRIBECTWNEZIELTIZE)
* Increase in IL (intercepted light) by leaf area

management (EEBRTIRICLOIZNET)
* Increase in LUE (light use efficiency: JtFI| A%

E1)
\

Target (B15) /

National Agriculture and Food Research Organization

TDM (R84 &)

IL(ZXE)

BEHEHRS

Document 3
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National Agriculture
and Food Research Organization

To increase in LUE (light use efficiency)

SR AN EEIEMSE DT

A\

ﬁ Target (E1Z) /

g TOM(HABZ 44 (N 2)

e =LUE(RFIRAZE) X IR E)
IL(ZHE)

CO, enrichment (CO, i i)

* Liquid CO, (industrial coproduct)
(RIEF R (TEDEIEY))
« CO, burner (#A%E=X (KTH. 7 R))

CO, concentration in a greenhouse

800 -+

g'ol'g“ 300 | AMPlentCo; CO, is absorbed by plants
I \ and then decreases during
100 —C0o28%Y closing window.
BEFOYILLET

CO, enrichment CO, is decreased by the
. ventilation and plant absorption.
MK OHEMICLLRINTIET

0:00 6:00 12:00 18:00 0:00

BEHEHRS

Document 3
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co

Total dry matter production

CO, enrichment increase in LUE
TR ADETIZM

Hh E ARKSRZ ML (g-m2)

2500

N
o
o
o

1500 -

1000 -

500 -

800 pmol-mol1CQO

Ambient CO,
CO, %L

2NARO

ational Agriculture and Food Research Organization

100

BEZHAE (MIm?2)

500 600

Cumulative intercepted light

National Agriculture
and Food Research Organization

To increase in LUE (light use efficiency)
SRR REIEMSEDIZIF

National Agriculture and Food Research Organization

Changes over the past 50 years in yield
components in Dutch Tomato

ASUOFDRIMIBITHRIEIZLDZUNE

o

1980 1985 1990 1995 2000 2005 2010

Year

Higashide & Heuvelink 2009.
J. Amer. Soc. Hort. Sci.
134:460-465.

Food and Agriculture for the Future

BEHEHRS

Document 3
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Unifarm, Wageningen UR
D= =R =Ty — 1\

=N - —1

7, ¥ -
Unifarm,ANageningen UR:

iy SR Ehmy i) >
gty N g
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Fresh tomato yield & LUE (Light use efficiency)
AIUF TN REBOIRE EKFIRAE

S°NARO

10 RRIRE . AN EYES
T s g -
o : a3 _ ()
< 6 - A ol A
; [ J ) s 2
"..'5 4 0.0506x - 93.606 2 1A 0.0191x - 35.035
Kz R2=0.63* ) R2=057 *
> 2 L L L L | O 1 L 1 L 1
1940 1960 1980 2000 1940 1960 1980 2000
Released year
& Money maker ~ ® Premier A Extase ® Sonatine Calypso
Liberto + Gourmet A Encore © Momotaro fight

Both yield and LUE increased as the released year.

FLOREBEERES IV AR

NELY,
Higashide & Heuvelink 2009.

J. Am. Soc. Hort. Sci.
134:460-465.

Leaf photosynthetic rate for 8 Dutch cultivars

155 RBOXERELBEDNE HERE

S°NARO

Higashide & Heuvelink 2009.

HLOARBIEESASREEATL,

o B 24
Iy @~ B
@ =
S % S 2 -
£ EN 15 E 5 .
= 0 = 0 20
> 0O S, O [] [ )
g3 . + Gourmet (1991) g ERT: f/o.osesx-90.57 o
2 E o Moneymaker (1950) | £ = 1 R%=0.55 *
-5 4 T T T 16 : :
0 500 1000 1500 1940 1960 1980 2000
PPED (umol m*s™) Released year
& Money maker ~ ® Premier A Extase ® Sonatine Calypso
Liberto + Gourmet A Encore 0 Momotaro fight

Photosynthetic rate increased as the released year. l

BRHEHS

Document 3
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Light extinction coefficient for 8 Dutch cultivars £z
i prrrarerrsirgy < NARO

Higashide & Heuvelink 2009.

1.2
-0.0052x + 11.067

R%2=0.66 *
0.4

T
1940 1960 1980 2000
Released year

[EEN
1

0.8 1

0.6 A

Light extinction
coefficient

& Money maker ~ ® Premier A Extase ® Sonatine Calypso
Liberto + Gourmet A Encore 0 Momotaro fight
Light extinction coefficient decreased as the released year.
FLORETERRRBEANEL, ay

Leaf-photosynthetic rate and leaf
position (Jt& B BIHREZED 5 7h)

Py
#NARO

National Agriculture and Food Research Organization

Upper leaves Lt i3

Middle Iea\@v/—

EF'EL%/

/

o/

/

| Lower leaves R Light strength
ThiZE

JeE OH L

Leaf photosynthesis rate

BRHEHS

Document 3
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Light extinction coefficient affects on canopy
photosynthetic rate IRSERBIDE BN E A DEE

i

i

“NARO

National Agriculture and Food Research Organization

Large k canopy Small k canopy

(BRAAFRE Kk DREFVEE) (BILIRB k D/INSLEEE)

Light intercepted by upper leaves Light penetrated into lower leaves
D %(liJ:Jﬁo)ﬁkﬂwl)l‘éhé TEROEFTENERBT S

Light: High [~ [~ Light: High

/\ ______ ﬁ /\ 'Pg:High . //\ __________ /\ ' Pg: High
CR P ””\—L

@
Canopy Pg: small Canopy Pg: High
BERAER BEAER K

Pg; photosynthetic rate

Components contrlbutlng to anincrease in

National Agriculture and Food Research Organization

Higashide & Heuvelink 2009.
==E v E=A
RRI=E J. Am. Soc. Hort. Sci.

134:460-465.

EMRENE REOME(ZE)

‘ FDMC(kg kg1) ‘

WEMEE RE~DOFY DB

‘ Fraction to fruits (kg kg™t) ‘

EAE REDVVIRE BRI

Fraction of light Sink strength of No. of fruits
intercepted (MJ m?) fruits

EEH YREH
Truss appearance No. of fruits
rate per truss

16
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Pmchmg -
 Excellent Fusmzt =

« KAC002

* Zubari163==

%

e

o

‘NARO

National Agriculture and Food Research Organization

" Lowering

e Excellent Fushinari 2
e KAC 002
e Zubari 163

"

Light use efficiency in cucumber

RAARIE X2 DLF AE

Higashide, et al., 2012.
- L-ExF Hort. Res. Jap. 11: 523-529.

S 800 A

° - L-Kac .7

= ~0.
S A L-Zbr S

S J .

S 601 o pec _ //.A
2 B P-Kac —e
EEw0{ A pa 58 DAT
C 5

E < 1°

a P P> -

5 2007 1A

[ .2~ 40DAT

o P

l_ 0 T T T T

0 200 400 600 800
Light interception (mol- m2)

L-:Lowering (D4 T 5AL); P-: Pinching (&il»); Exf: I)2LUIMEI 285 ; Kac:
KAC-002; Zbr: X/\1)163; DAT: Days after transplanting (FE4&# B £0).
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To increase in cucumber yield

FEEARIE a2 D 2 UYL

2NARO

National Agriculture and Food Research Organization

L ]\

A14
(V]
IE 12 | @O0ct
. mESe
glo I lAup
o 8 ?
)
'S, 6
5 l
g%
0 0

Exf Kac Zbr

J

Lowering (D4 TFAL) Pinching (& 11

Higashide, et al., 2012.

Hort. Res. Jap. 11: 523-529.

BERONMRIEIIESIEDOTEEL

Breeding of tomato in Japan improve wha

aiﬁéu\e&e""lf 2 "DBlteh

NARO

National Agriculture and Food Research Organization

"'l"/ -
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No improvement in yield by breeding in Jap@ay)

BEROMFTIEMIBICEDZIELL

NARO

National Agriculture and Food Research Organization

Fresh fruit yield (kg-m2)
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2.0 -

0.0

abe

Higashide, et al., 2012.
HortScience, 47,1408-1411.

S: Sekai-ichi
HHR—

F: Fukujyu 2
BF25

A: Aichi fast
EHI7—Ab

K: Kyoryoku beijyu
BAKFE

M: Momotaro
HEAER

MC: Momotaro colt

ab

S

(1930s) (1940s) (1950s) (1950s) (1985)

Old

T

T T T

F K A M

— — —

T 1

HEAERTLS
MC

(2003)
New

Fruit dry matter contents in Dutch cultivar

A7 mEOREEYE(EE

Py
#NARO

National Agriculture and Food Research Organization

fruit dry matter

content (%)

5
¢ (o)
L 2
s T —a
3
I -0.0059x +15.711
2 R®=0.22ns
1
1940 1960 1980 2000

Released year

Higashide et al. 2009.
J. Am. Soc. Hort. Sci.
134:460-465

& Money maker W Premier
A Extase @ Sonatine
Calypso Liberto

¢ Gourmet A Encore

0 Momotaro fight

The error bar represents differences
between cultivars, LSD (0.05).
*Significant at P = 0.05 level.
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Soluble solids and water contents of fruits &=
BARMIE RERELZYWSEOE R ...WWNAMBWQ

Higashide, et al., 2012.
7 - HortScience, 47,1408-1411.
MC
. ] S: Sekai-ichi
£ 6.5 1 HR—
e F M F: Fukujyu 2
| = =
3 A mHF2E
'§ 6 1 A: Aichi fast
Q S K EH77—-Ab
5 K: Kyoryoku beijyu
2557  y=-0.8739x+89.237 B KE
R2=0.978 M: Momotaro
5 BEARER
' ' ' ' ' MC: Momot It
948 950 952 954 956 958 o BILE
Fruit water content (%)
Momotaro type: Higher Soluble solids
MREBRIFKDEENZLDIZHEELFLY

Conclusion (F&&) ¢=NARO

Target of environment control and crop management (4 & il

{HD BB EHIEXTR)

+ Control of rate of growth, development and maturity (£ & - B EEE D
#l#E)= Temperature (RFE)
Increase in dry matter production (#8 4 E %18 4>9)=Light, CO, ,
Plant management (Jt. ZB&{L ik % . HEEHE)

To increase in yield (IREEMDT=HI2)

« IL(ZSE)T or LUE EFIA®E)T (TDM = LUE XIL)

To increase in IL (ZHEEMDT=6HI2)

 Greenhouse transmissivity (FEEx D FtFE1BEE)T or LAl (FEEFEFEE)T

To increase in LUE (JtFIAZIEEMD=8HI12)

+ CO, enrichment (CO,#F) or High LUE cultivar (57%)

Japanese tomato cv. improved high soluble solids without

decrease in water contents of fruits (B AN~ RIEITKD S

BEEHFLTERED)
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Reference (&%)

Py
#NARO

National Agriculture and Food Research Organization

bk 505 0 BUNETiTEIE R

~100b> EY DFBEE ~
IR-Tz—JIY U ViRE
B X%

¥3,150

BRI,
TAT

BN TREZZ DEREN

BERBIEBEOIRT HEYIE

XA DERFM
BAESREZHE - BAER

HIEARERE

X E

¥3,990

Reference

Py
“=NARO

National Agriculture and Food Research Organization

1000 Science and TEChno100Y

Tomatoes

TADAHISA HIGASHIDE

EDITOR

Tomatoes: Cultivation, Varieties and
Nutrition”

Edited by Higashide, T.
Nova Science Publisher (USA), $150

Part 1:Yield components, translocation,

sensing, plant disease, trade (T. Higashide, T.
Nishizawa, Y. Shishido, F Hahn, S. Imanishi, A. Noguchi, I.
Honda, J.P. Lara-Avila, J. Simpson, A.G. Alpuche-Solis, B.
Bouizgarne, A.B. Aoumar A., N.A. Pastor, S.B. Rosas, J.A.
Andrés, M.C. Niederhauser, M. Rovera, W.N. Leke, A.N.M.
D. Sali A. Na. and N. Woin, R. Choudhary, S.A. Walters, B.
Nzanza, K. Pofu, P. Mashela, J. Pablo, M. Giancinti, J. Uribe )

Part 2 : Antioxidant, lycopene, ripeness,

processing, human health (M.H. sudrez, E.m.
Rodriguez, C.D. Romero, N.F. Santos-Sanchez, R. Valadez-
Blanco, R. Salas-Coronado, F. Costa, M.L. Baeta, D. Saraiva,
M.C. Castilho, M.T. Verissimo, F. Ramos, G.S. Maritz, M.
Mutemwa, I.N. Pasias, V. Papageorgiou, K. Barmperis, N.S.
Thomaidis, C. Proestos)

21



The use of diffuse light and supplementary
light in high-yield vegetable production

(BREFRLEEICEITDEE MBI DOFA)
Dr. Silke Hemming and Dr. Ep Heuvelink

Wageningen UR, Greenhouse Horticulture (fEz%E=)
Wageningen University, Horticultural Supply Chains Group

Ve gI—7)

Innovations Dutch Protected Horticulture
last 50 years (primary production)
GBES0EMODA 5 U A ERE=DRMERH - —REE)
Focus: to become independent of. (Em : 5 DEERK)
" Soil (substrates) (i (E&. &) )
®  Environmental conditions (greenhouses, climate control)
(REEH CRE. BEavbo—L) )
®  (Fossil) energy (energy saving, sustainable sources)
ftBETRLF—. (BT, FkATEEN)
= Chemicals (IPM, biological control) SN v
(lLME (RAThkR. £MBAR) )
®  Labour (Logistics and robotics)
nﬁﬁhsé.mnﬁ%;‘rmw ARy FOFA) |

BEHREHD

Document 4



Yield improvements 25 years
(B% 2 0 FDILELEM)

90
80 + + 34%
70 - 5
— Cucumber (& 3.4 79
h 60 .
=
2 50 1 Tomato (k< k)
= 40 .
= Sweet pepper (E—< )
% 304 pepper (E— b
>
20
10 +
O T T T T T
1980 1985 1990 1995 2000 2005 2010

Year

® Yield development in The Netherlands (745 > #IZE I+ 5 UEEEM)

gWAGENINGEN

Yield improvements 25 years

(BZE 2 O FDYREEM)
® Higher yielding cultivars (BIRERE) >
® Longer cultivation (51 weeks green”)
(LEHHOER (£5 1 EBFEOHKE) )
® Improved crop management (e.g. higher LAI) 2> >
(HRSNF-ABFEE Bl LYSVLWERERER
® Substrate culture (more optimal root environment)
(BEHEE (& YEYTIRERE) )
® CO, enrichment (fREEH XHEAR)

® More light (Ft=D#Em)
* improved greenhouse transmission GEZEDHX DB BIEDHE)
* diffuse light ($2&L3%)
* supplementary light (##Bh3%t)

EWAEENINGEN

O o i

>

RHEH®

Document 4



Yield improvements by cultivars
(REHBIZKDIERL) (short autumn cultivation) (FAEiEHAFEE)

]
®9: ®
12 r ® =238 o
2 o < Q
[ ) > 5 50 2
& Py o] s) i
p 9 r I O (O]
= ® g
(2]} 5 |_|>j
=3 2
3 °[5
2
3 =
O 1 1 1 1 1 1 1 1 1 1 1
1950 1960 1970 1980 1990 2000

Introduction year

40% vyield increase since 1950, mainly because of
higher light use efficiency (£& LT, X0EAMEDH L 2>
&Y. 1950F & YIRE(F40m L LT2)

gWAGENINGEN

Yield improvements by crop management
(BEAEOHEIC L DINEEM)

5
“-‘E Year 2003
o 4
E
5 31
©
k=
© 2 A
it
<
% 1
O Year 1990
-
0 T T T
50 100 150 200 250
Day of year

® Measured LAI throughout the season for tomato
(measurements at modern commercial farms)
(b= r24FHETEHRL-ZEBEER) GERMEEERS)

nWAEENINGEN

>

RHEH®
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Importance of light toEZH)

® Rule of thumb: 1% less light means 1% lower yield
(FZERAI : AEN1%EDHEMELI%ETT S, )
® Data from literature and growers (XEAEMSDT—4H)

Crop Yield reduction at 1% less light
(HEH 1% > =B DI IEH)

Lettuce(L % R) 0.8%

Radish (/\\\Yh& 1Y) 1%

Cucumber (Zw>Y) 0.7-1%

Tomato (k< k) 0.7-1%

Rose (/\3) 0.8-1%

Chrysanthemum (%) 0.6%

Pointsettia (R4 >+vF7) 0.5-0.7%
Ficus benjamina (BiEAI L) 0.6%

Source: Marcelis et al., 2006

Importance of light ctoz=zn)

® Natural sun light is for free!
(BRDKBEIILEN )

® Free energy for greenhouse heating
(REEREDO-OHDOERDIRILE—)

e Free light for crop production
(RIEMEEDT=OHDEHDIL)

® Add supplementary light
only if necessary
(BEITELT, @WBAEmA5)

EWAGENINGEN
For quaiity of life

BEHREHD

Document 4
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Use natural light (assxonm

More light by... (KUZ<DHx%)

® Advanced covering material (%&&ErLHE)
® Glass/modern plastic (52, F52X71v 5|

e Modern coatings on glass (+5-8%)
(HSRADaA—F12%)
e New plastic films ETFE (+3%)
FHLWITSRTAYI T AILL)
® Lighter greenhouse construction (5-10%)
(BREREDER)
® |ess installations above crop (5-10%)
(B DERR & T HMDBRE)
® Cleaning roof (10-15%)
(BRDBEHE)

Use natural light (a#sxosim)

" PAR transmission different greenhouse covering
materials (XDFBBEINEL LHEEHRBEEHM)

Material Transmission
(&#) hemispherical 7, (E&%)
PE film 72-82%
Glass clear 82-84%
ETFE film clear 85-87%
Glass with anti-reflection coating clear 88-92%

______




New trends: Diffuse coverings ——
FLWALY R $E£ELEE)

Plastlc films (7"717’4 vy T4ILL)

'. tﬁ!W'i"I
%'f?g-‘" M?‘;s%’k’f
- !‘ﬂ%f "-'E’Y

Screens  (RY)—V) Coatings (a—F 1 %)

WAGENINGEN
For quality of life

Diffuse light is positive, because...
(BEELKEDRM, BERD, . )

7
= FHERDIEM (%)
ad ®
o~ Source: Li et al., 2013
= 5
Q =
1)}
£9,
0%
5 S
og
g2,
€0 2
-
n 1 7 . l
: ]
Total horlzontal Ilght vertical Ilght leaf
&) distribution distribution photosynthesis S
ey T iermokst  BESAORSH  EOXER

BEHREHD
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Horizontal light distribution — tomato
KEAHDHEAT— FT )

Dueck et al. (2012)

Lichtintensiteit (%6)

Lichtintensiteit (%)

0255075005075 0225 550 53,
100125 150 200 2
250 2

/4
5 300 325 2

- 350
Lengte rij (cm ) 375400 25 454 s 5001

Vertical light distribution — cucumber
(BEAAOKAFT—ZH 5 Y)

April 25 2006 Hemming et al. (2007)
250
c & Clear (B&t)
200 oy
.% 4-Diffuse (8#&L)
<
EnE g 150
™ < 100 -
o
© 50
O T T T T

0 20 40 60 80 100
Light interception [%]
EHRE (%)

WAGENINGE N [NEE

For quality of life




Photosynthesis — cucumber
(REE—Fp5Y)

® Photosynthetic capacity of standard and diffuse
covering (F8ELY. BRAXIZH TS HERKEEA)

nWAEENINGEN
e Source: Dueck et al., 2008

- High in the crop = Low in the crop

Yz (W L #8) o 35 (BT #6)

E E

- =

E 25 g 25

= 2 Diffuse(#53L7)
B 15 7 151

g 5] > ° Standard (B#3%)
2 2

.g- 5 : : _g -5 T T

2 0 400 800 1200 o O 400 800 1200
Z  Light on leaf (umol PAR m2d1) 2  Light on leaf (umol PAR m2 d1)

Yield — cucumber ugg—=z=w>5v)

75

a
o
Il

(£ES)

Production (kg m?)

+9.2%
+6.5% \

\>

—®— High diffuse | (Z$&ELYL)
—&— Low diffuse (REEELSL)

—a— Control (%tEB)

® Diffuse light: 9% higher cucumber production (crop planted in March)

(BEXDFAICE Y. SAEADEHS. 9%DIREEMNH 1= )

WAGENINGE N [NEE
n fer ety arie Source: Dueck et al., 2008

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Weeks (38)
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New trends: supplementary lighting
#HLW ALY R #B)

Reasons (¥EH)
® Improved market position (354 H3&1t)

v'Year-round production or earlier product
5T REAEE)

v'Improved product quality (R&EHE)
® Higher yield(4xZ @ L)
® More options for crop control
(=B HlEDATREME D 1E54)
® More regular labour demand (WEFEB=ED—EDF#IL)

About 25% of Dutch glasshouse area is equipped with supplementary light
(A5 U FDBED25%IEHBFDOFMAD-HDIEEMEDL > TS, )

New trends: supplementary LED lighting
(LU kLY F—LEDZEFIF L1-#B#)

® | ED instead of HPS(HPSIZ&1 A LED
® Efficiency(ZhE) :

e HPS ca. 1.8 umol/W

e LED red ca. 2.3 pmol/W

® Position and direction in canopy
(BEICBITAME L AR

® Timing (24 2 >7%)
® Spectrum (A% kL)

......




New trends: supplementary LED lighting
(HLWHKL> KR : LEDIZ & 2%B0)

Toplighting( L&A 5)

sense and simplicity

WAGENINGE N [NEE
For

25
(&) A spring = summer O autumn

N
o
!

[
o
!

2 -1,
Pmax(um0| m-s")
=
ol
1
—Orp
H-O+
HEO—1
HpO—

al
1
O
- O—/

o

Leaf layer

" Maximum leaf photosynthetic rate (P,,,,) decreases strongly de€p®t in crop
canopy: interlighting is useless? (RAXEREENIIFHEZENTRARIZETT 5,
HENESIEERLTOMN?)

® Low light levels and leaf ageing act in the same direction: Reducing leaf
N content and thus P, (AEDETEMBEEDEREDET. XALEREEN
DETZEEL)

WAGENINGE N [NEE

Source: Gonzalez Real and Baille, 2000

BEHREHD

Document 4
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http://www.lemnislighting.com/index-en.html

Interlighting aszmmsn

[ Maximum photosynthetic rate

. BAKARESD

30 40 50 60 70
leaf age (days) (ZEDiE)

® Tomato plants grown horizontal to separate
adaptation to low light levels from ageing (KFEARIZHEE L 1=
b bE. MMERICHFEVVMERZICEICTE D)

® No ageing effect during life time of tomato leaf ! (k< FDE
bfiéfb\éﬁaﬁﬁ\ MERIZ & SR ETEN )
n Source: Trouwborst et al., 2011

LED interlighting (Lepiz & 23:zRmRE

\

Role for Light Emitting Diodé«.ens)

Therefore, interlighting can result in yield increase !
(LA > T, BENBHICIYVIRERLNERT D)

6-8% annual increase observed for cucumber (Finland) and tomato (Island)
(Z430FkDEpHY. TEEEHOD T FTe%DERMINEDIEM)

WAGENINGE N [NEE
Forg

quailty o

BEHREHD
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LED and fruit quality wepegzoan)

® More vitamine C with LED
light of tomato fruits

(LEDORAIZEY b FDES =

CHEMT B)

7T

114

Conclusion light @@
Light is important growth factor (RIZFEELEETER)

1% more light is 0.7-1% more yield
(REMN1%EANE, INE(F0.7-1%EMNT 5)

Use natural light, increase greenhouse transmission
(BRNER : BEOEBREZSHINE)

Diffusing coverings increase yield, especially in
countries with high direct radiation advantageous
(EFBAARNETIE, SBELEOFAIREZSH D)

Supplementary light needed in Higher latitudes
(BREE M TIXHEBAAFL)

Interlighting with LED gives perspectives
(LEDZ ALV =32NERHIFERTE)

Combination of diffuse and LED possible
(#8ELJt ELEDDMEAEHE B FEE)

WAGENINGE N [NEE

BEHREHD

Document 4
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