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* What is (Ubiquitous) Plant Factory ?
e Plant Factory (PF) in the newspaper and
responses from the Web

* Semi-closed type PF for leafy greens in
TAIWAN

* C(Closed type PF for various crops in
TAIWAN

* PF related researches presented by NTU_BIME
team in recent 2 years.
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What is Plant Factory ?

A factory that grows plants in a (periodic) steady state
manner.

Steady state ?
» Fixed quality. Fixed quantity.
e Fixed time to harvest.
» Fixed cost. Fixed price.

Production risk can be minimized through the
implementation of technologies.

What 1s Plant Factory ?

s eco-friendly
an environmental controlled
PLANT
asteady state
. . — PRODUCTION
A high efficient SYSTEM
Quality guaranteed
~ R IFAEH 0
- W RI A F 0
Safety guaranteed | e s
~HTHERERE R
~#THRBERE R




nt Factory is a win® Svsiem/

A breakthrough for grower

of Plant factory products

1 high, 2 none and 3 low features

Hith TR A S 4L - — B @& =K

ngh nutritional value

>
=) %%

BRA-BELR
ARm e ~ K4 3 fK40de

No pesticide, heavy metals

LOW nitrate, bacteria counts, wastes
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5 fixed features of plant factory

H T RCT H AR R 4

Time to harvest can be fixed
Quality of product can be fixed
Quantity of product can be fixed
Cost of production can be fixed

Price of product can be fixed

Plant factory brings 6 changes

wmzap A AR

Outdoor = Indoor i omwene |}
]

Horizontal = Vertica

Controlled

Traditional Heavy - Easy Environment
Agriculture i rty e Agriculture
E:J Part time = All time

Uncertain = Stable
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Eight no-fear of Plant factory

No fear of heavy rain
No fear of strong wind
No fear of bacteria [EEEETESIIN

Fiamir ~ RaEK

No fear of bug ;;{jj‘;;; : iiﬁ;
No fear of low light | **" ™"
No fear of strong light

No fear of extreme humidity
No fear of extreme temperature
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What is Ubiquitous Plant Factory ?

* Ubiquitous computing
* Ubiquitous: everywhere, anytime, ...

* Ubiquitous Plant Factory:
Everywhere
Many forms
Different sizes
Different functions
Different purposes

IS S on 2010/01/06

Printed in China Times, TAIWAN, entitled “Plant factory is the key industry

in the development of protected agriculture in new Century”.
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Ehe New otk Times
8 Europe

ORTS OPINION
Future Farm A Sunless, Rainless Room Indoors

DEN BOSCH, Netherlands (AP) — Farming is moving indoors, where the 261 1/4/ 1 1

sun never shines, where rainfall is irrelevant and where the climate is
always nght

NEY Times

Gertjan Meeuws of PlantLab, a private research
company, smiles during an interview with The
Associated Press in a lab where he is growing
herbs and vegetables under LED lights in Den
Bosch, central Netherlands, Thursday, March
24, 2011 Farming is moving indoors, where the
sun never shines, where rainfall is irrelevant and
where the climate is always right The perfect
crop field could be inside a windowless building
with meticulously controlled light, temperature,
humidity, air quality and nutrition. It could be in a
New York high-rise, a Siberian bunker, or a
sprawling complex in the Saudi desert. (AP
Photo/Arthur Max)

Farming is moving indoors, where the sun never shines, where rainfall is -—
irrelevant and where the climate is always right. 1

HOME PAGE | TODAY'S PAPER | VIDEO | MOST POPULAR | TIMES TOPICS | /

PF related researches by NTUTBIME tear/

Aj(iféa%\ﬁﬂm@@ﬁ (NTU_BIME)
o GENEMEY) TR BT 1993~
o g% (GH)EBEY) TR (PF) l1 T14:0H5% 1993
o BRI (Young plant) S EY) T g (PF) 2 2171998
. W@%@%‘Efﬁ%%(qﬂc plantlets) & ZE %) Tl (PF) 2 17 2000
o FEHifEES (Tomato Seedling) & ZETEY) L (PF) 2 217, 2003

» 2010 COA PF project

. 2010 NSC PE project Total budget is about 1/2500

of China’s budget in PF

» 2010 NTU PF project
o FIEE HHLED (FEZEER] 1996~
o Z%E (Heat Pump){FEZEE ] 1998~

o HEfFHEEEfE /K (Electrolysis Water) fEEZEEF] 2004~
* Web-based wireless monitoring and control 2007~
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‘related research

EE= e Automation

R e Culture

HREE/RER e Environment / Energy
RERS e System Integration

SENF 2RI ERRIEEY LR
Semi-closed type Plant Factory for
leafy greens in Taiwan

(mostly, no supplemental light)

2011/4/13
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—;—:MOVEFtO #:I China in 200 5/

2007/06/31 16:41
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S|Iver sprout and bean sprout production by
Tainan Agri. Improvement Station

Grow indoor in totally dark Transfer to Greenhoufie
condition automatically

Harvest: Silver sprout Harvest: Bean sprout

2011/4/13
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In Greenhouse

In Greenhouse

after harvest

2011/4/13
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Tainan Agri. Im ment Station, Talwan

BRE® HEE

18



e EEJJEHIJ% HIEFEEE

| aEdEmREnTE |

o R & e

Closed type Plant Factory for various
crops in Taiwan

(artificial light only)

% w~ Tissue Culture Plantlets
fx\ﬁ Mushrooms (don’t need light for certain varieties)
~#¢ Seedlings

3% 5§ SProuts (don’t need light for certain varieties)
- % Leafy greens

n‘i‘;

am my my _’pﬂ .
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1998
young Phalaenopsis seedling production
Using movable (retractable) light

% pAKRNE APy £

R

PLANT FACTORY IN TAIWAN USING MOVING LIGHT WITH MULTI-LAYERS, ISHS 2001

[ Moving light: 3 sets/bench J

e — .
B8 4
e
I e
[ ] [ 1 10
. XHm
il
13 i 4
B
® 20
4
+ Hm

>

Fig. 2. Schematic diagram of the moving lamps nside the plant factory

2011/4/13
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}mlo Tech (Branch of Royal B: Royal Base Group )

Tissue culture F-fF B3 5 154 1 B = 4B 1C £ 12
for Phalaenopsis seedlings production
Using movable (retractable) light mounting fixture in 2000.
In 2004, test on LEDs.
A EE S F LEDK KRS
2000 2004

2011/4/13
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Light_Movie.htm

LED f5£35 (%- 1)

LE LT IR T Y

1. A TC vessel with double lids
was developed.

m ——
8!
'

—~

[/

‘v
—L—V
—-
-

e can be autoclaved
* transparent Poly-Carbonate

EHEdst 3 ERLEDRRZBERAY

2011/4/13
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http://www.ntu.edu.tw/
http://www.bime.ntu.edu.tw/index1.htm

2011/4/13

TC vessel with double lids

— outer lids with 6 different spectrums
(essential 6)

— 6 spectrums + 2 with IR (essential 6+2)

2. Upper lid of the vessel contains
6 LED lamps, each with 6 chips

iy

/ 0% \
\ 969

24
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http://www.bime.ntu.edu.tw/index1.htm

2011/4/13

3. Elec. Consumption can be reduced.

This research

<t i SE R E T -.:l;_-;
| " 1 h {'_' ;' ".‘b‘ Y 3/
Distance from light source to plant

was greatly reduced. ** Intensit
*4\ . . - ) - &
\[‘ﬂ/ EH g €3 ERLEDL R BEHFE R

4. Light distribution highly
uniform inside vessel

This research

25
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http://www.bime.ntu.edu.tw/index1.htm
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High space
utilization
vertically

Double the
number of
layers compare
with traditional
bench

6. No pollution from light
next to each other.

EFefs X3 FALEDX AL BRFRFE
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http://www.bime.ntu.edu.tw/index1.htm
http://www.ntu.edu.tw/
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Side dividers prevent
pollution from others

7. Light quality adjustable

Blue 9R1B CW

o ;P
L ie20"
(oo )
> ¢ o

ww
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http://www.bime.ntu.edu.tw/index1.htm
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http://www.bime.ntu.edu.tw/index1.htm
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. Separate
intensity
control of each
layer

8 x5 =40
vessels/layer x 8
layers = 320
vessels/cart

EFrefn X3 FALEDX R RFEEF

Timer controlled D/N cycle

28
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10. Easy, t&y e

\
‘L y

Plug and play

Each vessel has

separate power input
i

29


http://www.ntu.edu.tw/
http://www.bime.ntu.edu.tw/index1.htm
http://www.ntu.edu.tw/
http://www.bime.ntu.edu.tw/index1.htm

11.

Allowing 5 replicates x

64 treatments

Great tool for
Experiment

Highly

efficient for & w*"“"’f‘» =

Mmass M!

production

Traditional lab.

E-Light

138 vessels/m?

482 vessels/m?

i, 2 8.TH®

DN 4992/ (4.5% 8) |320/(1.07 x 0.62)
Productivity ratio 1 3.5
Power consumption 2560W (80%32) 1100W
Power consumption ratio 2.5 1

2011/4/13
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Excellent 20

7 - AUEHERS g i A

SR3BIIR 4R3B2IR

e
fffff 2TV e

40 /layer x 8 layers 12 /layer x 2 layers

110VAC/12A 110VAC/0.61A
220VAC/5.5A 220VAC/0.3A

EHEhs % EALEDRRLZBESFY

3R4B2IR

2011/4/13
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From LED Lid to LED Panel

Development of HOMe growth
Light and Control E Light

LED panel Rgloigal=ReigelsERlssli
made from [EOgte umol/m2/s)

LED Lids

32
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Home Growth-Light
Hardening of TC papaya plantlets

Florescent Lamp. . LED (8R1B)
::r'r:r:r:%i':;éz'&ks LED irradiating 2 weeks

EHeH %3 BRLEDR R BFHF Y

33
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AIf If,asprout production - Taiwan Sugar Cempaﬁy/

N

7}\9“‘? i) fa"?&}—ﬂ—)
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Rota-Tech
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Talwan branch'of'a Japanese comW
T B o As @ (Bras) 2010

Ice plant, Lettuce Strawberry

Bu;mess model: e

Demonstratlon of hardware (Northern Taiwan)

2011/4/13
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,/

Business model: 3 #3% ss cemops
Production site next to the restaurant. (central Taiwan)

¥ m"i'i?

988 612 IJG

At least 2 similar systems are under
construction in Northern Taiwan.

 Demonstration-purpose: - /

1. PFin front of the entrance of a dinning
room in a recreational beach side. 2011

36



- Demonstration purpose: /

2. PF at the first floor of a 2" floor
river side restaurant. 2011

// . e —
Plant Factory To Be (in 2011)

36 mx36 mx12m

2011/4/13
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## & £ 7 2 7 GenesisPhotonics Corp: |

‘Reactivate of a discarded Factory in Yi-Lan
T WAL 2P RAAS L 2010

i = Lt 1EE M2 | © B
it o ki 108X 0.75m?
6 £ 22 fEl « BLPEF 84X075m

o 1it%  2.4x0.75m?2
- A%
| L] o o TR 123 i 184 0 42164
. #5402kg - Pl :43.2kg/k
616 4 18/ £ 7 4 4 778kg

86

FE 6 2 7 GeneNEPhotONIESCorp |

Discarded Factory now Reactivated = s & % g f12 2010

WEBE: 3% ¥ & @

WEBE: 4% Bp o ik 6 & @

@ & =
X

==

»
- =
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%’5"& S o - —Genesis Photomg_(;\»r%l

*D’ﬁgarded Factory now Reactivated = g3 & % =i i 2010

SEREFRAT
2011.3.6 HHEIEE

- MBSO - HFE00

Eﬁi"h.ﬁ: ummm\m E S
PR N ¢ BMGRRER
PRI R  BARERN
BWARE « RAFEHERE
P kS ESRE ¢ 201057H
P RETE  #9508F

72 IR 2T

P BRI + SERNAT B H S R et

N
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* 20 EHEIES xa

* S5 LED & Ts

e

/

oA S I R T 20

07~now)
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T Th LT
BIME Contamer type PF Eaaa™

TEEABHEAEY TR (2oo7~now)/

o NI J¢tH!

° RN > 13.2m?

* U ILAG /KR JE 2R 6%
° J¢JE: LED & Ts

84
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v 3 1604

3 WRGB LED##:5%

el | B
F 3 W RGB. LEDAE i N j\
B4 1] x 40 48/51 x- 3 W/E o e ow e e e
—4x 120 W ‘\ i EU%T EEU,?TBT%
S SIS IT’EH:(Duty ratio)sEEeE
FegsEEa L (ELE

2011/4/13
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~ 2010 TaipetFloral EX‘QQ/

demonstrates Plant Factory

t‘

Air-Inflated Double-Pblw
| o b .

e

50 °C hot water in
for heating

Stalk Initiating Greenhouse

10 °C cold water in

for cooling > 3 ’. |

e

2011/4/13
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Si-based PV on the roofyefRE
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_Ubiquitous Plant Factory /
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[Skyscraper typeVertical Farm |

rm is still in imagination.

5 © Skyscraper type vertical

¢ Ubiquitous plant factory is something that reachable,
4 something that can create new business models for
people to promote.

103

Ubiquitous Plant Factory
I

* Hobby type
y yp * U4t : Ubiquitous #| R 4% » &R F 4
* Demonstration type s
o AR - TR - BHER
* Research type CRRA EHRS - AREE
-'Kti'. SRR RER - EHERD
« Mass production type o O

* Home use: Future kitchen
— Home appliance, Furniture, desktop, countertop
* Business use:
— Street side shop style, supermarket, restaurant
— Cargo container type

— Factory type

2011/4/13
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Consumers at home/supermarket/ restaurant,
workers at office/factory, students at school

can learn to appreciate the beauty of life and
learn to understand the relationship among
food, environment and land through the
promotion of Ubiquitous plant factory.

HRELEFRRH/RBA
LA/ TN
EET L 22 RRCDE ]

U il dh o 4 #5/ ML/ 16 A
MELez A
B AR ~ SRR bl IH] R

¢ 2011/2 3%z 1
« 2011/3 B 42 A » & ik
1,354cfk » & #+= 100 4%
e Fapm a1 by oA
(B35 3 {37
e 2011/3 21

2011/4/13
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BREMAFEER (NTU_BIME)
o BV KENY) T M ENTFE 1993~
o AEECHRZE (GH) BEY) TR (PF) el {T14EH4T 1993
o BHISERE /)N (Young plant) & ZEHEY) TR (PF) 2 317 1998

o BEREE S04 & 5 (TC plantlets) B ETEY) TR (PF) 2 17 2000

. FjifE i (Tomato Seedling) & ZEE Y T i (PF) 2 17 2003
» 2010 COA PF project
» 2010 NSC PF project
» 2010 NTU PF project

o BOLIEE BILED fERZEIEM] 1996~
o #47% (Heat Pump){E25EEH] 1998~
o JE[EHEEEf# /K (Electrolysis Water) f£ 234 EFH 2004~
* Web-based wireless monitoring and control 2007~

e Quality measurement 2009~

107

2011/4/13
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EHREEP K E

L2
1PT-100 RES WS
2HM-1500 RZ &M B
3THP-BTT ZAZ&NS
4RHU-500M 22 &M S
SoRARENS

[E 531
7.2 IP Camera

RLERAR 17
iwitatiess &
REREFRAEE A%

LEiad
KA L0

LLL LT

¢ g

B~ %
(A Cloud monitoring and control Sys was established.

6 RE2Z#HELTIS 1.5 +
#% 3 101.6 + 15.5 g - (Afteradding CO, enrichment control, the harvest fresh
weight of Boston lettuce can increase from 77.5 to 101.6 g per plant)

=
.3
fL

Py

Development of a web-based monitoring and control system for lettuce production

2 fEd doh 2 B RUP2PIONIC 3 %4 5 i
BUERSARER LT FEMELRRFT TALE

16. 7g

IR EFSREERETLES (2 2%) 2009

P1/2

Development of a controlled chamber for on-schedule leafy lettuce production

Sensor Controller PC

Power
Signal

== == Control Signal IP Camera
——Data
——Signal Input

+ «++ Ethernet

Wireless
Router / . Router

SNV1 YNV1 ENV1 ZNV1 INV1 NVYM

Wireless

Internet] |~

SNV1 PNV1 ENVT ZNV1 INV1 NVM

|

8 A .
e A r:t;‘»‘- !

X g carts

Set Points:
Light Light Day Night

On Duiation  Temp | diop degC

RH

Day

RH
Night

RH co2

Max

0200 1600 A 5

mn

il

il 1800

2011/4/13
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R EFSRRIE2 22 (B2 2%) 2009 P2/2

Development of a controlled chamber for on-schedule leafy lettuce production

O RGB LED Panel : L120x W55 cm 2 «x X EFES = x =
4 LED light bar/panel x 1 panel/layer x 4 layers / bench - . . f -0

O RGBLED Bar : 10 pieces of 3W RGB
LED per bar (RGB : 625 ~ 525and
462 nm)

O Intensity, duty ratio and frequency of R,
G, B LEDs are adjustable.

O Two stage production

® Seedling (21 days)
® Production (21 days)

O 45 plts/layer (82 plts/m?)

® FRHIFRE XX 2 FRER CTHEEFRBREFEREL I PR ELE

PERED R RBPTET NS BFRETERY

FHFEHRLEYL63.7H12.8 g> F R 97 fc32.8kg> - B odjed 11 kg
:}:’,‘;i% 42(13.2m2) P& 9 25 5 - Y 100 kg o

#7¥ JcE 100 x 365 / 21 / 13.2 = 153 kg/m?/yr

RuN

B P AL MR B A E 2 (e ad) 2000 P1/2

| Improvement on bench system for Boston Lettuce Production

C REHEVRPOEI - ARAFHATERIBP Lirs R BRI HEF
¥ ( Lactuca sativa ‘Boston lettuce’ ) :
o ML T ARITEMEF PIORFE Z S
o ZHAKk#H ( FTXS25GVLT, Daikin, Japan )
o PP AN
e A1 kH(HFL%EF FL528L, Lixma, Taiwan )

RIEAF REE
TRE(RR/ES) 25°C /20°C
HEEE 50% ~ 80%
A #: 150 umol/m?/s, DLI : 13 mol/m?/day
HE 1S : 230 £ 30 pmol/m?/s, DLI : 13
mol/m?/day
CO,RE 1200 + 100 ppm
¢ IBHA(RA/HS) Bl 24/0 - FIEHA : 16/8
ECE 1.2 + 0.05 mS/cm
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B EP AL EDR AR E 2 F (rad) 2000 P22

Improvement on bench system for Boston Lettuce Production

Various arrangements to improve distribution of light intensity on bench

Treatments ]':/IS;; Intenm;:l df umol/n;:l/asx) Power consumption (W)
1. FFEREHE 246 85 348 168 (6 TFL)
2. EEEREHES - RS 215 63 284 168 (6 TFL)
3. F P L R (R e 236 45 286 184 (6 TFL + 2 short TFL)
4. 12 3. REE RIDARD AR 337 40 405 184 (6 TFL + 2 short TFL + reflector)
5. 1 4. IRIF TR G E 230 30 282 128 (4 TFL + 2 short TFL + reflector)

HBEERT (FEEEAH 1)

B % (FRIEA 5)
—

Std. reduced from 85 to 30

)

- Power consumption reduced from 168 to 128

* Under treatment 5, Boston Lettuce, i X # & £ > *>35daysens s pr i > Tio@ £ FW % 1016+
15.5g. (Equals to 23 kg/m?/year. For a 5-layer bench, the production will be 115 kg/m?/year).

o - s 5Bk 140x65Cm ALHEEFETE 7R > v A 28216 5 100g/4k 1 5 K *16 R/ *
0.1 kg/tk * 365/ 28 /(1.4*0.65) = 115 kg/m?/year

BITERRLNESRT 56

Seedling production of Boston lettuce

2 F g

* M 5 MBM (5 tyves of comercially available sponges)
o — M@ ER(EC12mS/em )

; R n Add nutrient solution from day o
=XR%& |
After 3 days ® CDEa&+HLHN4E  BELABRASREAA
EHHBHARATEA
R o o ARBESTHETERRE EBRATHTRRRE -
After 7 days TEERHEFERY

Fresh weight of seedlings at 14 day after sowing

Investigate on the

timing to replace tap C I I I
water with nutrient :. 1

solution after sowing.

B TFER ()

T N N I N

14RFEHEE (g) 0396 0448  0.524® 05920 0.335¢

P AFSHMATSTERENH pE S EREBEEEREN
C ARMAEALCEHB SRS TER  FERFRIOHE
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Effects of Strategy for Supplying Nutrients at Seedling Stage under Six Types of LED Light
Qualities for the Production of Lactuca sativa var crispa (3 £ %) 2009

s 455 nm
R: 660 nm

Fresh weight, shoot length (SL) and root length (RL)
under six light sources for 12 days

B: 450 i
G: 525 nm
R: 660 nm

5000K 2700K

Environment factors :
Temperature: 22 °C

EC of Solution: 1.2 mS/cm FW
Light intensity: 70 pmol m2s™ (mg) Shen) - Rbjem)
ww 168.20b*  0.66cd 8.04b
Iresh weight : RB > RGB > WW > B>R>CW I cw 145.80b 0.84bc 6.94b
RB 252.00a 1.02b 8.02b

RGB 241.40a 0.72bc 10.06a

RB vs. RGB : add 10% G, does not help. R N 3.42a 6.94b
B 161.80b 0.34d 7.76b
l:der R, seedling has the longest SL, but the FW. Fresh weight of lettuce seedlings grown for 12 days under six
s low. = R only is not a proper light for this crop: light sources and three treatments (unit: mg)
Treatment
1 2 3

Experiment of timing in supplying nutrient
—Treatment 1: tap water only (EC: 0.14 mS/cm, day 1~12)

WwW 16.75b? 168.52a 34.75b

—Treatment 2: nutrient solution only (EC: 1.2 mS/cm, day 1~12) cw 22¢ 161.83a 72.17b
—Treatment 3: Treatment 1 (day 1~6) follow by Treatment 2 (day 7~12) RB 30C 252.00a 70.2C
RGB 31¢” 241.40a 66.25b

Offering nutrition in early stage can get higher fresh ]; zilz 112‘1’";::: ;ig

BB GHETELIEZBE (EPERE) 2010

Effect of green light on the growth of lettuce

= —. .
OFwm— FRLMHEF &R (18K) #a;;;ff;ﬁ;&i?&&m#
e ., y .. fi+ 2 f85 pF 0 i E
. i;’i;z W AR AP £ 5100 pmol m? st
- ERAE i o KEIERIEEG B AMEIR

; & § % 150 umol/m?/s A KRR B S 180
/m
60%
0,
50% op” 15% 50% 35%
- ™ 250 15% l‘- ‘ 15% 65% 20%
B Y W WD W WEyv - A N, .
256 G 506 % ow R T

RREE ERIE wHEE
Light source Lesf  Leafarea 151 Dry weight | Lisht source Let  Lesfaea TP Drpceighe [Light souee Leafarea 2P By eight
®AD v.(a?n - D e w:ﬁ?ﬂ s SPAD  Lesf mumber g, 3 w(a%hi P

0G 185a (47a 76.9a 282a 0.147b 0G 234a 62a 64la 236a 0.107a 0G 251a 57a 47.8ab 1.68a 0.086 ab
25G 19.0a (46a 76.7a 3.15a 0.181 a] 25G [24.4 a 52b 47.0b 1.83b 0.096a 25G 259a 48cd 403bc 146ab 0.093a
50G 18.0a 43b 547b 2.07b 0.116¢ 50G 21.7b 48b 350c 1.16c 0.064 b 50G 238b [ 4.6d 349¢ 1.22b  0.071 b]
FL 149¢ 47a 757a 257ab 0.117¢ FL 195¢ 51b 430bc 136c 0055b FL 193d 52bc  50.1a 144ab 0.076 ab
cw 165b 49a 70.7a 2.58ab 0.120 ¢ [\ 212b  51b 36.0bc 1.15¢ 0.050 b CW 208c 55ab  Slla 1.66a 0.079 ab

Meansfollowed by the different lettersin each cohumn are significantly Meansfollowed bythe different lettersin each column are significantly Meansfollowed by the different letters in each column are significantly different at
different at 5% level by Duncan’s Multiple Range Test ifferent at 5% level by Duncan’s Multiple Range Test 9% level by Duncan's Multiple Range Test.
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EEERE

Fresh

Light source SPAD mIJ_;i r LE.;;H a}_;ea “‘E ;g}ht Dry E;;ight
0G 18.5a [4.7a 76.9a 2.82a 0.147b
25G 19.0a [4.5 a 76.7a 3.15a 0.181 a]
50G 18.0a 43b 547b 2.07b 0.116c
FL 149¢ 4.7a 75.7a 2.57ab 0.117 ¢
CW 16.5b 49a 70.7a 2.58ab 0.120c¢

Means followed by the different letters in each column are significantly
different at 3% level by Duncan’s Multiple Range Test.

EHEE
Light source Leaf Leaf area Fn_zsh Dry weight
SPAD mumber {cm?®) w;ght ) (g)
0G 234a 6.2a 64.1a 2.36a 0.107a
25G | 244a 52b 47.0b 1.83b 0.09 a
50G 21.7b 48b 350c 1.16c 0.064Db
FL 195¢ 51b 430bc 136c¢c 0.055b
CW 212b 51b 36.0bc 1.15¢ 0.050D

Means followed by the different lettersin each column are significantly

different at 5% level by Duncan’s Multiple Range Test.




HHEEE
- Frezh .
Light .
ghtsoutce  bAD  Leaf mumber Lfmigﬁ weight DI}'{";EM

(=)
0G  251a 57a 47.8ab 1.68a 0.086ab
25G 259a 48cd 403bc 1.46ab 0.093 a
506G 238b [46d 349¢ 1.22b 0.071b)|
FL  193d 52bc 50.1a l4d4ab 0.076 ab
CW  208c 55ab 51.1a 166a 0.079ab

\eans followed by the different lettersin each column are significantly different at
%% level by Duncan’s Multiple Fange Test.

B LLGIRTELEZBE GepgL) 210

Effect of green light on the growth of lettuce

©  HIBX PRIE A N PR 0 By

OFH- I RTPEE LR RKRATR) B£8R 540 miz e
R o P/fif 32518C £ EAE 16| B
| v 2 o PR F i pUER @4 1200 ppm
%% ~150 umol/m /s ©® Hyponex#1#% ;& » ECE 3 & 1 1.2 mS/cm
60% O ORI ERITFIARER 22T -

0,
50% op” 15% 50% 35%

15% 65% 20%

) \
15% 25% 15%
A - —= S — o ‘ — :——i.—:‘.— ;j-_'-—-:‘%
256 506 ow FL -z
FEmEa(F18R) HH(EITR)
Light .
source rmsh@“ﬂght Leaf number L?La:r)ea Fresh weight (g} Dry weight(g)

oG [(34a 68a 0939a] 1227b 43b
235G [2.9 b 65ab 866 a] [m
506 23d 60ab 729b 1199b 44D
FL 24cd 58b 67.1b 932c  37c

CW  27bc  6.0ab 69.7b 93.0c 39bec

Means followed by the different letters m each column are significantly different at 3%
level by Duncan’s Multiple Range Test.

With 25 % Green is preferred.
No more than 50 % Green.
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Effect of Light Environment on Runner Plant Propagation of

# Strawberry were obtained from a

commercial nursery in Miaoli (Fragaria x Experiment 1 Experiment 2

ananassa Duch. cv Toyonoka), Taiwan K
6 Lamps K
# 4 developed leaves - R
T p| oo e o et ] % red light
inches plastic pots
Nes plastic p _ e | LED 9
#  Medium -2peat: 2sand: 2perlite: (15 light) .-100 m-:‘unmmmw

lvermiculite (v/v) pmol m? 5
# Fertilizer — Hyponex #2,20-20-20

(in 1000 dilution)

G
209 blue light + 109 green light

¢ Table 1.Effect of various radistion source on leaf number, Table 2. Effect of various radiation source on dry weight, SPAD
width, length and crovn diameter of strawberry plant for 8 value, soluble carbohydrate content and starch content of
weeks strawberry plant for Sweeks
Radiation Tesf  Leafwidh  Leaflength  Crown diamel Radision  Dryweight SPAD value Soluble carbobydrate Starch content | o
source number (em) (em) (mm) sourse @ content (mg/g) (mglg) g
3000K x6 9.8abe 756 17.00ab 20952 3000K x6 9.70b 55.66ab 54418b 763.99ab ;
4000K x6 9.0k 7314 16.40abe. 20422 000K x6  120%a  5494ab 59875 499.27h H
S000K x6  106a 7782 17.78a 21972 S000Kx6  1l&2a  5674a 633.66 856952 5
6500K x6  10.2ab 7.57a 16.46abc. 22202 6500Kx6 11.30a S654a 638.27a 84161a £
4000K x3  90be 657h 1600 abe. 20422 4000Kx3  678c 5470 59795¢ 77L73ah -
5000K x3 92 abc 581c 15.10¢ 1536p  S000K X3 558¢ 54523 513.08¢ 480.520
GS00K x3  Bdc 586 1536k 1577 SSWOKx3  6S4c 5252 52793¢ 84161ab N VR ©
- The days of treatments

™\ Table 3. Effect of various light quality on leaf number, leaf Table 4.Effect of various light quality on dry weight, SPAD value, ‘ Table 5. Effect of various light quality on ramet num

width, leaf length and crown diameter of strawberry Lt Tuble ‘bohyds and ch of strawbe: fo
e = ¥ plan Solue carbalidrate. content and s@rch content of stravberry for crown diameter , chlorophyll content, soluble carbol
and starch content of stravherry ramet
- - - Tight  Dry weight  SPAD value Seluble carbohydrate  Starch Y
Light  Leaf  Leafwidth Leaflength Crown diamete o - ot o content (uglg) Licht et Drvweicht Crows  Chlugioll  Garboledra]
quality _number (cm) (cm) (mm) ' quality wumber (@) diameter (mon) contents(mg/®) contents un]
R 6.31ab 40.85h 248.7Tab 1330.50a
R 0752 8742 27732 148lab R 475 050a  529ab  06a 17122
R+B 7.09a 44.74a 20442a 1365.29a
RB S00b 057 537a 078 192692
KB .60 8362 2650 RBG S07c 43Ina 237078 1137.76h
RB+C 620a 0453 317h 0332 156611

R+B+G 9202 826a 2210 13.52b

_—

Table 1.Effect of various radiation source on leaf number,
width, length and crown diameter of strawberry plant for 8
weeks

Radiation Leaf Leaf width Leaf length Crown diameter
source number {em) {cm) {mm)

000K x6 0.8 ahe 7.56a 17.00 ab 20.95a
4000K x 6 0.0 be 7.31a 16.40 abhe 20.42a
S0KE x 6 10.6a 7.78a 17.78a 21.97a
G500 K x 6 10.2 ab 7.57a 16.46 ahc 22.20a
4000K x 3 9.0 be 6.57h 16.00 abc 20.42a
S000K x 3 9.2 abe 581c 15.10¢ 15.36h
6500K x 3 84¢ S586¢c 15.36he 15.77h

Mmzes Follomond Ty fhe diffeemnt Jotiers dn mach mohemen am sipificathy differms 2t 10 dovel by Droncze’s Mistipls Rangs Towt
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Table 2. Effect

of various radiation source on dry weight, SPAD

value, soluble carbohydrate content and starch content of
strawberry plant for 8weeks

Radiation Dry weight SPAD value  Soluble carbohydrate Starch content
sourse {g) content ({mg/g) (mg/g)
000K %6 9.70h 55.66 ab 544.18h 763.99 ab
400K %6 12.02a 54.94ah 598.75a 49927h
S000K x6 11.42a 56.74a 633.66a 856.95a
6500K %6 11.30 a 56.54a 638.27a 841.61a
4000K x 3 6.78 ¢ 54.70 ab 597.95¢c 77173 ab
S000K %3 5.58¢c 54.52 ah 513.08¢c 480.52h
6500K %3 6.54¢c 51510 527.93c 841.61ab

Mz followsd by e diffeent Jattens in sach ohemn 2 sdpnificanthy Jifffrant 2t 50 Javad by Drancan’s hinipls Rangs Toat

a=1

The number of runner
b

3000 K -
4000 K -
5000 K »
6500 K -
4000 K -
5000 K -
6500 K >

LPE IR PR PR - O = = O =

b M il

0

14 28 42 56
The days of treatments
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Table 3.Effect of various light quality on leaf number, leaf

width, leaf length and crown diameter of strawberry plant

for 6weeks
Light Leaf Leafwidth Leaflength Crown diameter
quality number {cm) {cm) (mm)
R 0.75a 8.74a 27.73a 14.81 ab
R+B 0.60 a 8.36a 22.66b 17.32a
F+B+G 0.20a 8.26a 22.10b 13.52b

Ml fiofiomned by the diffeemnt Jatieers in sech oobemen 2 sipeificanthy difrent 21 334 Jeved by Dronceen’s Minipls Rangs Teat

a=1

Table 4.Effect of various light quality on dry weight, SPAD value,
soluble carbohydrate content and starch content of strawberry for

Gweeks
Light Dry weight SPAD value Soluble carbohydrate Starch
quality (g) content (mg/g) content (mg/g)
R 6.31 ab 40.85b 248.77 ab 1330.50a
R+B 7.00a 44.74a 294.42a 1365.2%a
R+BHG 507c 43.12a 237.07h 1137.76h

Mo fioflorored iy s clifisement Jadiery dn woch oobemen 2o vigeificanthy diffrent 21 53¢ Jved by Drencen’s Mnlipls Rangs Test

a=1
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‘ Table 5.Effect of various light quality om ramet number, dry weight,

crown diameter , chlorophyll content, soluble carbohydrate content
and starch content of strawberry ramet

Light Ramet Dryweight Crown Chloraphyll  Carbobydrate  Starch
quality number (g) diameter (num) contents(mg'E) contents(mg'E) contents(me'g)
R 4756 050a 529ab 0.69a 19722 a 1024.60 a
R+B  500b 0.57a 537a 0.78a 192.69 a 878.47a
R+B+G 620a 045a 517b 0.88a 156.61 b 1005.66 a

Ml fiofiormoed Ty the diffessnt latiers in soch oobemn a2 sipeificanthy difnent 28 50 Jeve] by Drencen®s hindtipds Range Teat
a=1

IRATHEFREB TS L aRiJ 2P GEPRE) 2009 P1/2

Effect of light quality on the growth and anti-oxidation capability of sprouts

T8 f | miemm ey |

| R R p Anthocynins |
| 12|
DPPH| fid 5+ ee——

8 types of light quality were studied : Blue, Red, WW, CW, 9R1B, 8R1G1B (shown above)
2R2B2IR, ¥ £ % (FL)
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FRRTHEFREBE TS L BRT 4 2 BF GEPRE) 2009 mmx

Effect of light quality on the growth and anti-oxidation capability of sprouts
L == sl L =
..=‘7€. a2 ﬁ\a * ..=‘7'a= % 3

% SL ®RE FW Vit. C #& %
LN significant diff; I—
e NO3' =4 4 Anthocynins # % Ad %’i—"f + 3 DPPH

R o 1) | =]

# § % <400 ppm =

CW(LED) | i BB Esme vig :
AN Fpt kg d s RELLEDE MA

TN ERM Ak BAKT

EfopkE FEHEY 2 L2 BE (e %) 2010
Effect of Light quality and duration on the growth of radish sprout

P1/2

{2 4

3, 5, 7 days

'S

. # & (umol m? s) kb 4s] (%)
AEA= Red

Green Blue

1.Red 100 0 0

’ 2.5R1B” 87 0 12

: L12/D12 hrs 5 " 3. 4RGB" 30 10 0
120 pmol/m?/s e . 4. Bhue 0 0 100
15 5.CW 22 65 13
6. FL 35 51 15

7. Dark

“4RGB #9851 ¥ LA KA LED SR B8 REEF A

A2 ARAREHEHRRARLIRERSR RIAAAERBBHEMARISRAERS RAFAARRHEHRBARLTRERS

HHBEF2HE HEBEEZHYE HBBEF2YY
Fresh  Dry - Fresh  Dry Fresh Dy
. G i Plant Nitrate 2 = E Plant Nitrate " " ; Plant Nitrate
h\lg‘i’tty no phl:'s no i cone L‘ﬁ; oo o ln:ls B contect uuf]?:y /1:: lants /1"0’% e B content
. A R GO ) 5 & o (™ e % & e (e e
RED 144b  008b  66a 565.0b RED 257a] 0.08b 81502 RED 284a _ 0.10b 970.0 a
SRIB__175a 00924 59a 6200 b SRIB 2290 104D 75502 SRIB 2.53ab 0.12a 113D  667.5b
4RGB 1.73a 0.10a 62a 786.7a 4RGB 215b 0.08b 105b 735.0a 4RGB 2341 0.09 be 12b 52800
Blue 1.09¢ 0.08b 62a 300.0d Blue 191bc  0.08b 99bc  208.0d Blue 2.06¢ 0.10b 114 b 163.3d
CW. 1.76a 0.10a 45b 4350 ¢ CW 215b 0.08b 85¢c 450.0 be CW 275a 0.12a 11.3b 3300 ¢
FL 1L10¢ 0.10a 27¢ 3300d FL 143d 0.08b 7.2d 4133 ¢ FL 272a 0.11 ab 104b 8933a
Dark 106c _ 008b  60a  4333c Dark  169¢c_ 007bc [125a] 5350b Dark  234b__ 0.07cd 95.0d
—




R2ARAABRBHEGRERARILIRE RS
HEBBLs g2 HE

Fresh Dry ;
Light  weight  weight gﬁ o
quality /10 plants /10 plants o) o)
€9) €9)
RED 144b  008b  6.6a 565.0 b

|5RIB 1.75a 0.09 aa 59a 620.0 b

4RGB 1.73 a 0.10a 6.2 a 786.7 a
Blue 1.09c¢ 0.08 b 6.2a 300.0d
CW 1.76a 0.10a 45b 435.0 ¢
FL 1.10 ¢ 0.10a 2 330.0d
Dark 1.06c¢c 0.08b 6.0 a 4333 ¢

Means followed by the differentletters in each column are significantly different
at 5% level by Duncan’s Multiple Range Test

//./. 5

ZIARABBEHES AR ARILISAE KRS
BB SEIHE
e B Plant  Nitrate

Light  weight  weight ,
3 height content
uality /10 plants /10 plant
y p o (m)  (pm)
(RED 2.57a] 0.08b [126a] 815.0a

5R1IB 2.29b | 0.09 a l 104 b 755.0 a

4RGB 2.15b 0.08b 10.5b 735.0 a
Blue 191bc 0.08b 99bc 298.0d
CwW 215b 0.08b 857 450.0 be
FL 143d 0.08b 7.2d 4133 ¢
Datk  1.69 ¢ 0.07bc [125a | 535.0b

Means followed by the differentletters in each column are significantly dlfferent
at 5% level by Duncan’s Multiple Range Test 2
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==
- RAAEAABRBEHBRIEBARILTRERE
BB Y
Fresh Dry ;
uality /10 plants /10 plants
. é) p) (em)  (ppm)
(RED 2.84a 0.10(%] [12.8a] 970.0a
5RIB 2.53 ab 0.12 a 113 b 667.5 b
4RGB 2340 0.09 be 1120 528.0b
Blue 2.06c 0.10b 1140 163.3 d
CW 2.75a 0.12a ] 113 b 330.0 c
Fl.i 272 a 0.11 ab 10.4 b 8933 a
Dark 2.34b  007cd [12.7a ] 9504
Means followed by the differentletters in each column are significantly dlfferent
at 5% level by Duncan’s Multiple Range Test
T RS FRARRSBYHRBARLIX
R ELF2VE
Light Eik¥a E8%F0 £8F £4F
quality (mg/g) (mg/g) a/b a+b(mghp)
RED 0300 0.10cd 3.15b 0.39ab
SRIB 0.29b 0.10cd 301b 0.39ab
4RGB 030b 0.09d 353a 039ab
Blue 033b ([0.17a] [192c| 0.50a
CW 029b 0.10¢ 281b 0.40ab
(FL™ 037a] 0.12b 2.89b 0.49a
007¢ _ 0.05e {o12¢

at 5'6 ieve! by Ouncan s Multiple Ranqe Test

y
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99 b 034b
. 320a 043ab
2.02b 0 37b
233 be
2620 0.44 ab
271b 0.54a
Dark 0.03e 0.03 e 127¢ [0.06c]

Maans followed by the different letters in each colurnn are significantly different
at 5% level by Duncan's Multiple Range Test

a/b a+b(mg/e
72480 034c
- 2.82ab 0410
3 : - 238b 046ab

} (157c]) 0.49a

— e.nSnb 284ab 0.52a

0.30b 0.10b 3.12a 040b
Duk 0.08d 0.12ab [0.73d]|0.20d

Meaans followed by the differentiatters in each column are significantly different
at 5% level by Duncan's Mulliple Range Test
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REBARAARE AR ARILHMEE L
SRS 2§
Light Carbohydrate content (ppm)
quality  @je3%  @RILSE RILTE
RED 670.51 a 309.74¢c 414540
(3R1B 632.00a 490.39a 472.3%5a |
4RGB 665.70 a 346.11 bc 4019201
Bhue 688.42 a 312.11 ¢ 354330
cw 681.24 a 380.84 b 36393 Db
FL 668.45 a 33289 bc 267.24 ¢
Dark 52198 b 521.19a 414540
Means lollowed by the different leers in each column are significantly
different at 5% level by Duncan's Multipie Range Test

£ FRAABBAB L EILENYED R

BREEIVE

Light Starch content (ppm)

@AY 3k RIESK RACTA
RED 891.40d 1,947.21 bc 1,945.46 ab

1.063.14 ¢ [(2.48273a 2.188.72a |

4RGB  1,148.52 bc 1.824.12 bc 1,620.52 ¢
Blue  1,256.32 bc 1,543.55c 1,900.21 be
CW  1.587.09a 1.698.69¢c 1,730.19 be
FL 1.313.68b 2,014.88b 1,615.85 ¢
Dark  1,038.03c 2,093.05b 1.973.46 ab

Means followed by the differentletters in each column are significantly differen}

at 5% level by Duncan’s Multiple Range Test
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CW ~ SRIBA $i 32 & & B i1 B R

2 ALEDA# B 8 2 {24 A7 58 & 8 3
FLA:

cCWEMERGESRLLE - AN
FREERFabLM - MSRIBE &%
{HE AT NSRS h BTG
o A

« HAME BTSN » CWRSRIBYH
REGE2ERAREZIRRE - CW
LED - SRIBT A~ #AKRHHEE
ReRZBREAMEE -

kR R EY Ry 44 RE (g E) 2010

Effect of Light quality and duration on the anti-oxidation capab1l1tv of radish sprout

A 2. R B AR AR 3
e ik HaCL Y
’ 3,5, 7.days Light qualty 57— ‘t""occm‘;“'@m)m

4RGB lZlJ 3 bc

1276.7 bey .‘;

\b—m-uwmaa-—mm-dm‘a—.-wb et a1 %
v by Duocan's Maltiple Range Test

» Llz)IDi2 s ARy R . 3. F B AR R R AL 8

umol/m?/s 3 3 MR LA YE
= ) ’ : & Carotenoid content (mg/g)
Light quality —%v 3% @iesx  RIETx
RED 010b  009c  007¢c
SRIB 000bc  011b 010D
4RGB 0.10¢ 0.10c [012a)
Blue 0.13a 0.12 ab 132 |
(o 010bc__ 0.11b T
& 5. R Fl AR ER BRI 3 . s i
# 6. F B B3R AR AR5 - ﬁ S HRR At - Dark 005d __ 004d _ 007¢
3 % SDPPH; frrﬂnzwg HRAMLIIVY
] ; e A4 R F] AR SR LA 1 8
—___ TowlPolyphenol _____
Light qualty m57e3 s ETx Light quality Mt ROLREFESEIVYE
RED 9134 9456 b 70d e e T
S| S d RED  6437cd  $3.80b 39424 Light qual Anthocyanins (unit/g FW
raB | ooodbe] [o424b B SRIB  71.70b 54.57 ab 46.26 ¢ g #iE3x  #ILSK  BALTR
o : 2 4RGB  59.88d o 50216 RED 172cd  0.58d 0.94 be
Ble. | 76.85'c SoSae SSEIE Blue 22 % _ |5 SRIB 1434 114 be 050 cd
cw  |o0s7¢c | |o3a0c 965 b) o RGBS fibe oMo
FL  [o004d | [o200d | [sesic 2
Dak (94062 ) |97.20a 9380 e o TN ane
Measa followed by the diferent ettersis each e sgmfcancly Gffereat at 5% — . 5
e by Ducan's e Bane Tt ,.'T;‘“'n.:,:”um.- s Dr;k logg ?:;:c ?:;;d

Mdeaes fllowed by the diffressltres s each columa ae signiSicastly diferst at 5%
level by Duncan's Mulriple Range Test
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# 2. F F] 2R B R AR AL B ]

HpCL LY
Vit. C Content (ppm)

Light quably S$TE3% RIETR
RED 2% e :
SR1B (:::‘3 ;;i 1386.7 a |n93.3ab
4RGB  1213.3 be 1170.0 ab
Blue
cwW
FL 11150b
Dark m 0 ¢ 396.7 d

\umuwmmwm--ammmmwym-mm
level by Duncan’s Multiple Range Test

# 3. F Fl IR B8 B e A A o o] #

MARDFLEXIUY

: . Carotenoid content (mg/g)
Light quality  —9" 3% @MLsk RIL7X
RED 0.10b 0.09¢ 007 ¢
SR1B 0.10 be 0.11b 0.10b
4RGB 0.10¢ 0.10 ¢ 0.12a

ue 0.13a 0.12 ab 0.13a
CW 0.10bc 011b [U0I3a)
[FL 0.13a 0.14 a| 0.10b

Dark 0.05d 0.04d 0.07¢
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7&4 7F r] %ﬁ%ﬁﬂﬁkﬁt&ﬁfﬂﬁ
BOMEFELE2ILE

Anthocvanins (unit/g FW)
Light quality 2070 3%  sitsx  RILTX

RED 1.72 ¢d 0.58d 0.94 be
SR1B 1.43d 1.14 be 0.50 cd
4RGB 1.35d 1.15 be 0.79 ¢

(Bue 3843  207a  168a)
[ 2.15b 141bc | 0.71¢c

1.98 ¢ 091d 0.61 cd
Dark 2.20b 1.49 be 1.00 b

A\feans followed by the different Jetters in each columa are simificastty different at 5%
level by Duncan’s Multiple Range Test.

_—

5. R Bl R E B AR el #
BORAMTIZLYE

5 Total Polyphenol
Light quality 9735 @icskx  RILI%

RED 64.37 cd 5380 b 3942d
SR1B 71.70 b 54.57 ab 46.26 ¢
4RGB '

Blue

Dark 59.05d 499‘7b '
Means followed by the differant letters = each column are mly&ﬁumai%
Jevel by Duncan's Multiple Rangs Tast
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£ 6. R B AE AR AL #
B HBDPPHA R 22 L%
e (%ffuaO

Light quality < S R\ % it 5 X¥

Blue
Cw
FL
Dark

“
Means followed by the different letters in each are significantty different at 5%
level by Duncan’s Mult:ple Range Tast

P ERE OAFHT
Toward Ubiquitous Plant Factory
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