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As seen in the picture, irrigation pipes carrying nutrient solutions (water containing fertilizers).
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UV stabilization is used in
hydroponic systems to
sterilize the water to protect
from water borne
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Hydroponic and Climate Controller .........cceeueeue,
In order to properly facilitate the additional
production and equipment, an additional
controller was necessary. The CHSR program
currently has two IGROW 1400 controllers,
both were need for the expansion of the lettuce
project, Both controllers work together and be
necessary to adequately to control and manage
the ebb and flow, and the additional water
tfreatment equipment used.

This controller controlled the entire hydroponic
system.

High Output UV Stabilizer
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1) Be Green — 2012 — Moving on with vertical farming — http://botw.org
2) Despommier , Dickson — 2013 — What is a vertical farm ? — Columbia University

3) Despommier , Dicksom — 2012 — The vertical farm — http://www.verticalfarm.com

4) Despommier , Dickson — 2012 — Why vertical farming ? — University of Maryland
Conference Center

5) Eco Eng — 2004 — The vertical farm — Eco Eng Newsletter , No. 9 ; International
Ecological Engineering Society , Wolhusen Switzerland ,
http://www.verticalfarm.com

6) Inspiration Green — 2013 — Coming soon : the vertical farm —
http://www.InspirationGreen.com

7) Proefrock , Philip & et al — 2009 - Let’s make this clear : vertical farm don't make
sense — http://ecogeek.org

8) Scientific American — 2013 — The rise of vertical farms —
http://www.scientificamerican.com

9) TTU - 2013 - Vertical farm — Texas Tech University College of Architecture ;
Columbia University ; New York City — http://arch.ttu.edu/wiki/verticalfarm
10) Wikipedia — 2013 — Vertical farming — http://en.wikipedia.org
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o5 i e i by g 200 359 b gl AS g e 4B 8 IS Gl (S o ad lidig) L35 (e
ALl Jaga

%ﬁ)é\ﬁjj)j\ éé@&bh)dé&)ﬁ&u\&&@hjdhjsu ola 3 1 lia o)) gimy
23K e odliia) g Ay QLS e iad la ) Gl 381 g1 A (U o80T AELS aa) b AL

AlS A4S 58 ) i b g ke a8 ad ) A el Agldia 1) s ) ik U S e ID A (Gl
(8) 138G JLEA) 8 ddagy 2 gl 1y QLS (sl

AT 2 g o QLS adi ) Eioly AS Gl Q8L S (slalad 9 & gi ) Jilia (out door) ) 48 e dayl ys
2 Ol L33 8 Gl Calida Jay) i 3 W Y g8 i A jlira (O gl ) 65 e Ll ) (gl
3 (R 0 (A (g 2y () Adl g 1 Jal e i) O Ay Jal pa g (g g oLE £ 85 (sl
285 <A 9 (luminous efficacy) S Ol (W ciud 31 (g) 03 gana Ay GLALE L 3 5a 359938
(8) L (e Sl Adige M) A (ol g (eSS 2254 () e (colour temperature)

2% L8 baiay JuSl cilide (sl 7 ga Job Ll GLALE )2 il g aby) el et S ale aBly
s adaa ) a8 palie Qi) a5 fige Filugi® Al A Cilida (sl sa

< a8 J,-.' i s Y g (incandescent) (4l W oY ((fluorescent) ciiv)sld sla el
W ¥ ) ool by ASulla )3 adalad) e i 3 @ik Ulala ala 38 45 (high pressure sodium)
A GALE L e cinh L Ja8h 0k A )¢ ALl 4 Ol 85 (2 LED

S (il Sl LSS A3, (intensity) @ g (duration) e 4S 3dl 4idis i s e
(F) Alied Filwgi alad) gl Cilida GALE 3 (5 figa
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35 (CO2) "CnS L) 2" jguan o B A o5 B cage (photosynthesis) Jiiwgid (iis) g
2K 44 (02) 35 Ges) 5 "CEH1206" Ja B b JSo o (ol & aig S ki (H20) &

4 Taana W <l i g S ol File gih LIS g dliaia 4S (respiration) (oedi W (AiS)g 3 ASlls
(F) Mg o B35 ATP asds 58 5 & (S sl g2

(5 S s A0S AS W g IS SaS L g (chloroplasts) W g S JAl o Sl gib (RS)
Cullad ) Juala ciladd i 3 pdy 4 alad) (i jiiwa (thylakoid) "k sSH" clada cléds )3 g Alica
AR e U pan GRLE oy 0 g Ta g ls

0 ) (B K A4S Al au ol S A9 o g ga R QLAf.& gl Jdguls o Cuadly 9,18
U™ L AlS a quda (o) K bagana 3 1) By sh cinks (oW 5 (g i A T S™ a5 Ja B U
AS i (i) (o 431350 ) 4daa ) (cartenoids) " sl 8" 5 (beta — carotene) ¢S
a0 W Sy g S gatadl g5 ol Wi o IS ALS e (500 Ag i g a1y s sla ik e
(f) ..ﬁyiga 04 uda (alid, s Ay cadal)

Supplemental Greenhouse
Lighting Systems
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Co gy Ay (oa plad) MA T IS" 5 S gl il olh (el aS Ly 5 L Bl IS 0 il gt
Fova¥er) Sad g (Shagli deeafe) ol oo Koj)oagaaa ja W g lS gl i il cuda
11248 (ol 58 b Al GALE 1A 3,8 e g (ol U Aall ) Wi o3 S Ja gl g (e gl

dgd A dih LAl sW 7 g Jsb g Aied (Monochromatic) SSSi Wi 3 ) As gana
(F) 228 03538 Filugih e pu g

KHGT PRI 63),3?)4#‘ o AS Al (W b y8a Alile 4y (stomates) (2R W Ay b M il gl
(F) ) oo S headl g obE (i g I8 VAT (610 g

198 O3a @S 03133 1 (low meter) " sia ™ GRS U Siiassib g 5 03120 (Abis) ol
Cod A8 £ B9 Filugid jlala 4y i) gl e AR 5 G009 I CO2 gl dpulan g alewu (5958
(F) wb

Photosynthesis

23
-

6 CO, + 6 H,0 * C,H.,O, + 6 O,

Growth Storage Respiration
(new roots, stems, (starch) Ce¢H;,0;+6 O, + 36 ADP + 36 P, >
leaves, and flowers) 6 CO,+6H,0+36ATP
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r Flagd g el U
GUALE 35 (3 ANS 3 5 S () Gonga o QR g ol a8 A1 g bt &

g (oa

Jlugid ja Jlad g8 4al 3 4S (photon counting) (2 (sisd il ik ) 1) o JalS ik
iaie o gi g pa pdala )i pia I AS ik (5 i 0 310 QNS e dpulaa ca1jla 3929 (PAR)
AS 8 g8 il b 1)) (Aada Ga) LAl (e alad) PLm/w (ubie b i diib ke Gl
(F) sl o oy (S e omali ) olE sl K AR g5

Chlorophyll absorption spectrum

Plant sensitivity curve (DIN)*

t Sorel . é 019 ;—\ x
s Chioraphyl 2 - P Ry
. jr
§ ‘| / hiarepleyt b ® oaf \\ /,/ ‘1I
&/ no X 57 Y
§ I\ /| 2 03 \
< | v/ ') £ 02
9, e 01
w W %o K. & o
400 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)
«(¥) 285 R o3 (Y san
aal g s saldicdd 3l ga | adygd sl e i ; gl
LSJ;\g bj‘ﬁ‘ "‘:"J \ . " "ﬁ'ﬂ:‘i J JJM"
pad Cigh Gl adia ala \ \ |
(footcandle) | (= 25) (E93%)]
(lux) (Hr u5) (4s))
Umol/m2sl | ¢W agiilsS Rl | x Uy alelu | JUdy) clelu | Sldy) clelu
PAR ) PAR 052432 g.ﬁdjoul.ﬁ X ofe v VA ofe e VYVO X X o[ 0YF x
padi g padi Gigh x padi &g
W/mZ Jd@j)s\ cg.u.ﬁ.g.a o[ ¥¥F ofe¥Y ey
PAR 539334 (R 954
W/m?2 JS 3 ¢ pudiga oY JOgY o+ AN
(R 90

1 Umol/m2s1 PAR =5 footcandles (visible) sunlight
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«:(F) s Chaie gl ) guiea b W Ks £53 (Y 520»

Waaly e BY
W/m2 Sagili YO YA« | (Pyranometer) e gl
W/m2 L umol/m2sl | hagli ¥er Voo (Quantum) a sl sS
Lux & Ft-cd Saglh YA VY. (Photometric) <b sia 538
L Umol/m2sinml | & z.sa Jshb 3 dia o) g2 = 9 Ay
W/m2nm1 (Spectroradiometer)
Mol/m2d1 | = eeee-- (Datalogger) _&¥ui

D g g i Jalgs @l
Cr) Criaga 210 g8 (IS 9 Jhlug® p age &8 (environmental factors) (s ol ge
PO A Le Jal e

1 CO2 sl (i

YV Jdaa (Gl o Cacd L ppm) o) g TV 0 L e 1R U3 35 e (i S deS) (63 Ol e
e dy ¢ 54 A ) o ¥ s B e W ANAE JA03 CO2 e i) Jheuad) aaa ) ey
OIS (0 1y CrS aeaS) (3 2 (Kl 4 55 2928 5 (AS 9 (LS L 390 (I 2 ga g
g O g ol o Y00 4 CO2 GBI (i3 L L3 gad (el (3 ia) Baob 3 L g 8 gy
(F) 238 (e 03938

A sl (@

A B3 s Alen ) S gl ST B el b alall g Jalge I (heat) <l
P ORLE 2a 8 e b 8 iy g Syl o e 0 Jia gl a3 Akl e Ol 38 aadly)
(f’) ﬁﬂg‘a&)&u&)\e’éy% ‘..51& Syla

L alie il (o

LS GALE S e ) 165 e W il s 3 Cams o(nutrition) gl ualic 33
A Jd g IS (B8 Al A4S 39 e ga L K (5200) iS4 (BT pmais 2 guaS 1 Sl ) giny
(F) ) Jiluigié g g8y aalS ) o
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D) G (@

Sl g £ sh g el 31 33 & e G4l (irrigation) ol Gk ) AS b AR 3 A O asay

o agh (clagiad) (ol gp W Adjgy cdia 8 o by agaas Jlad GRS Aile ) ol (g il g8 5l
I3 A e o€l b o A AL ) M cila il (ah Ay SIS g € gla o LB ) G diak e
W Jola 2 Jash 3 QRS (et S8 gy 3908 2 9 (oo e 538 b3l 3550 CO2 &) pila
(F) 29 oo QAL b Sy 5310 (o oS Eely haugia SEA £ B LS L

Peaks for red and blue are shown below. Our production models correspond to R1 and Bl

Wavelength (am)

P RS 53 g0
OV ol Gl Al g (Al g Clelu AT Jaa 4 (photoperiod) " sust Qs b Mg 8"
DA 399 688 Ay o ) (RIS g £ g A ) S 102 (floriculture crop) sxiaal N guasa

: oligS g LS (i
S 3515558 A4S M)y A Ads je 4y L (short-day plants) "olisS 5" L "SDP™ Gl
Al e Cda )

Pl o Je GRS (@
Ay B o 9 NI Flalaa 399 93 4 Cud (day-neutral plants) "l o " LS
LS e al8) Uil Al sl 39 b g i) sUigS Wiy o3 AN Ay Ll
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iy ) oA e 43 AS 5 e A 4y L) ki (long-day plants) "l Jg" b "LDP" LS
(F) S8 18 JBan 50588 0 sing on o 3ne <l 31 ik s) Ad 33

Chlorophyll and Accessory Pigments
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. Chiorophyll b ‘mmhm,, Phycocyanin

!i / 1/\

| Chlorophylla
& )
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A i
‘é\g( Y/ |
N A /A |
| Yol \
1 £ mluﬂ ...&‘n
250 300 350 400 &50 SO0 550 600 650 700
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Wavelength (nm)

Al L GRS GRS

0 (A Ay o) 059 351688 cua Lad (obligate b qualitative) o)V b S GhiS) g il L
S a sobiaa g ajile (B e aladl oligS 2 gy 98 Cad o) AN AS ALS 1 Jla o) girg 230

Effect of light on Photosynthesis

(F) o oligS Jg 0l8 &y sla

Photosynthesis
(Hmol per square meler per second)
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Light compeansstion point
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0 200 400
v

I

Dark respiration

Light (pmol per square meter per second)
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Light saturation point

T T
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"o S sl Ay o guiga (B Cpg Bk ) duaa (S0 g (olidg) e balad panddl B £

A Jaa BB JSd g0 4g MWy g S Mgl e Bl (LS el 3 4AS aTica (phytochrome)
B g ila sk " ag ST ¢ Gad s8 cad ja aSilia 335l 353 (inter-convertible) J5oiea
O il a2 g S STE" ¢ jga Sa B sl ey (A A8 352 Pfr 4 psw s« (far-red) Lo
A& B0 Pr 4 pgmisa o

Jsb bagaaa 3 "Pfr agSsid" uda gl 9 Sasil P70 7 sa Jsh bagana 43 "Prag S s Gia g
(F) 2y 0 G o sk e gli VYL zsa

Chloroplast

Chlorc<lml /
/

Photosynthetic Action Spectrum

Thylakoid - site
of light reactions
Grana

Absorbed

light 00 450 500 550 600 %0
Wavelergth inm)
e

Stroma ~ site of
dark reactions
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1 gl ALE g Alead) 2SS (gla gl

5B 1) patly 40812 AL |y ALK 5 (ol daae g L33 13 5L 48 ol Cisab) Jila £ 334
ciada JS 50 Jagili 8Y vaf Vv zga Job b Mt U ) - e Bagdaa o e b A W (AiSIg g i
And Qe Bdp A e unhilingg A<l

Gl o 9 3l apladl agili FueaVien la 7 ga Jsh Jaldi (o) 0a el cinh 4y (LS (AIS) g o fig
(photosynthetic active radiation) "PAR" L " s jilu s Jlad adadi" (haiu oW olliwd (ulul
g e 438 8 G g alk

"l e St 1 Cule sl ad pulla 9 QIS e S (o pa sE Bl )3 Gl g ] aia
AAgad oS (LS L 3 se Jsi b El AL 1A il (foot-candle) e Cgd g pad™ U (Lux)
hiaa (g 35S O e ) g3l sy (ill-suite) "ol paki" sl oliua Ay ghiia Ol (51
W (RIS g Gl I Ay o) s Ty (g U 8L e Sl QLS Al a8 g

(%) 3b &) GWLE (photobiological) e 5 s g si8™

Phytochrome

o Lesves percene and measurs the duration of darkness and Sghe through prosemns found i all plants
calied phatochrome

« Phytocheome exists 1 two mier-corsesdinke fooms Undes red light, physochrome is pemanly in the
farred absorbing form (P, ) Under farsed fght, phytodhrome convests pamarily 1o the red-
absorbing tom, F,

Phytochrome (P)

)
Pr

Prglily + Py = Pyl

P pestk absorplion 630um Pen peak abscrplion T30mr

s g e ) 1y g 3 (AL AL A 55 A JaSa (A5 o) sh plenia
Al 15 s Sslsh ) 0a g8 L AL JSG g e Ao lad g Gl GRS il anll) gla (AISH g (R
G AL T 3) 0 533 9 g Cra Ay 385 6l GALE ol 55 SIS Lisaa 55 ASILip T
(gl SLaie ) a5 gy b (g € 0 I A ailind Ay (g3 oad AS AR e (LS e gua ga
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6 58 Jaha Cp i 3l 4388 (23 8 (e AS ol () LS (8355 (g a8 0 31 (gl g g el
el (PAR) Jiieasi® ja Jlad gla g8 4y dgana 1) JaSa (A2 58 AdgRa 9 il i paa 4y 1) W Y
AL W S a4y 1t ) g

0 1Al da) g Ay audiia AS o) W QJSJQJ\&Q&Q\JJA@&%\ g)\g‘&n@&ﬁgu é),,\g o Al ¢y
S gaas AS Gl (A g8 g 38 ) o) A ¢ 9 3L 2 (micromole = pimole) " s Sm" (5 &
(¥) 25 (e Qe pald (g5 ) ASly G Adda 0 g8

1A sk WS gy Exhe /A Jsed LAS Gl yg sl zga Job (IS 1 ) Gl L&l 550
(Plank’s constant) &b <l Xl h

5w Sy ¢

() e i g sa dsb A A

Sl a3 gald o) AR s st 05 b i Aa L (5888 3588 1 (IS Juld (intensity) ol
DAk Ul g Gsis (IS L s i Gl () 2 lailid (g 8 0 30 g g
(instantaneous vaue) ! 45l (55 ) LMole/m2-sec 2l (<l

(%) A9 cas JS 512 Mole/m2-day a1 (<@

Autumn Foliage
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O5isd (el Jila PAR 5aLS Jluyl il 65 a4 S sian (grow lamp b grow light) &) U, S
ORLE (5 gusy AS Sl () 01 gl a0 ) 95 g 2y (i Jilan £ pudaga () Ll 40 2
photo synthetic photon ) PPF L (photon flux) W ¢isisd 3 (A st 9 43 8 e Sl

(%) Bl o (Flux

Fsa 88 W gsa dsb wlg ) (B o5 Gaob ) QLS ad) (il g8 0 I B gy
Ssa Wi dlald 588 6550 ) g e Al Ra 4l o) 5 il (PAR watts) Jiiwgid
MBa by ), "PAR watts™ b 4% a5 58 8 G et o i g alad) g e gl Ve of s

(%) b8 oLl Gl dalg 3 W Y 815 paa

Quantum ) " e p gl 58" 4y p g g4 cdig) 4 S PAR s S 01 (510 AS (il ol ) S
(e il g3 L ) T 9 QIS a5 oS 0 3] Cilida Jayf 5l 3 1) wdiped g8 JIaRa 4S WAL o (Meter
Ay 4y lhe ) 8 Ay (bl (g1 0 Cla) R 3 AS el (o padidia sl () L AS (e auli
(¥) 2L (o S Jasa 5 e
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D S Suaa i glia
Mddﬁwadmu\uﬂiia@&j\aﬁdﬂduhdeu&Jjﬁgugguwubdjﬁd\ﬁ
PO ke L) (n Aeaga

Pl Jla" s ()

pALS oAl U aigd o0 4Gl of b b (metal halide) "MH™ & "2l JUa" gla ¥ <y S|
el Aalg) Ol pda (s b Jalaa (g1 3 05900 1y Ll Ll ABAL Uil 9 g Jguad QLA 3 9 () lana]
il o) jsba fa g (For e K) 0B L (Ve vK) o st ) b e A g8 ai K e S
Gl da 1) A Aa s AS 03 8 e dsa gl GEAIRY ) A3 0l sad il (pa 2l ), (Vo v 0 v K)
(0) tbad Jodea 2l 3ga g calida Wb ¥ (s ola W 4 59 2 A4S (Kelvin) "Cmsis”

Measuring photosynthesis

Setup for measunng Photosynthesis

CO, Exchange Measurements

CO, analyzer
A
r Flow mater
ﬁ | — —
Photosynthess chamber

Photosynthesis = flow rate x CO, difference

TUBE for
sub imgating tray wathout
opening chamber

Light in chamber — combination of different saturated wavelengths of light to simulate growth of the plant :
various stages

L s e (Y
3 s adiea 330 e B g K o) Lagas (iS5, 9% (incandescent) "l sl quea¥

) AAK GALE (g1 IS W qual 45 g8 3) i s8 0 Gl YV e v agan o gaS B 558 @la
A 38 Jgara GULE gl s Jg 298 o 03Wiul (highlight) Sl s
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A i gy LD S ssla (digd e Al e )l Ay Al (Gl Olsirg AS el W Y I A
I GALE iy g s A AT gSaun B pdaga (il S o A9 A B g e ) AS AT o KO
gaa JUEL ad) o) Galadl ) a8 e Of il Sl g A cink ) e f gl dida b Ll
a8 (s ) ) alilad el 2l o8 Adsgn Sl g8 (o) AS (6 50 Ll Lala gy i s el VO
(0) <l QLT bl A8 e ) Gl Ll sl s

Effect of light on Photosynthesis

10 16 23

= Increasing light increases photosynthesis and thus growth.

= These begonias (top) and petunias (bottom) received three light levels.

i gl la cua (Y

YVeeaVAee 5 gl sagana po gtha 558 @) a b (fluorescent) v std sl G 094
2303 GRLE 5 il Sae (53 619 Y para 3l e s 5l (ol Gual ALl e (et (sl
W b ol 859 e oali) o gy S (sld ARALE (g ST g 0ad A sl ka0
S Gua¥ U b 3 8 e 5350 (Watt) Sy A 1) 4 "orm sl L @D e 59 Tgan i
(lumen) "grasad" @ SN ] ) el SR Yo ) Gl Gl Job b gia g A o 2165 algl)
[ Alall Gy 3 )2l U gpane gadi g ) Juala g5 Jlaa by )y adinddi aa) g

1N W i SR 25K a0 g ) lldigs O s G il sl (ol qua¥ SR 5 i i )
Al (5 S slgy 9 JIM Al s
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osb Ll 1 g atiea Sl IS ) 8 Culi (HO) Moasl s il BB (sl caaY A e A8
Sy 0F cipan 13 A Moal Ly W Culu gl 81 pE a0 gy dg0aa sa5e8 s T 3 R
50+ b qua 4B o g basina S a5 5i 4l (£ad) Memnd™ B1 v v Jiaa 530

(0) ol el H13A Ve agan o Culyglh sla Y dda ol S AL e ClS YV

o A AG YA &ysa (Dual Spectrum Fluorescent) "DSF" L "'z o) <l sld" sl Y
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Types of Sensors
| Semer  Specum  Umks

Pyranometer 250nm - 2800nm Wm?2
Quantum 400nm -700nm umolm2s! or Wm-2
Photometric 380nm - 730nm fi-cd or lux
. umol.m3s-'nny!
Spectroradiometer Mménngimwgual or Wm2nmr?
Datalogger mol mrid-!

Datalogger
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CO, and Temperature Effects

CO, Effects Temperature Effects
* CO, outdoors is ~ 370 ppm (parts per mikon) = Metabolic processes, incuding photosynthesss
* CO, Inside a greenhousa can drop as low as 200 ppm with ncrease o some optimum temperaturs.
a lot of plant material, high ight, and low ventitation * Allow lemperature, enzymes are not aclive
= CO, can therefore be supplemented as a gas or through * Al high temperature, plant damage may occur

combustion

* As CO, Increases to 900 ppm, photosynthes:s rate increases
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)08 LS sla Al 9 AT Ay Kl (Sl 4y (alidig) sl 092 i (i il 23 8
ala i S50 (R g8 ASGlla o I8 e g 5 1) oliS sla i g aily sl S, W I (A Asdls

(&) Midiey a1y alS a ) lagia Gu LS 5 aily oWy ad g oligS W gy

R oS Alida sl 7 ga Job S g <l (photometric) L s S o 1) sl g (lux) oS 5™
A0 ¢ giag 1) S 1™ Salg § guaga cl 008 oo Ll Ay Cled) adiy Cigliia sl (RIS) g il AS Ml
(8) Wl oa ke W (g SIS 4y A58 Al 3 (S uealiall (g 58
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DS (R )68 3 IS 3 ) ga

indoor ) s3d JAIS sl basa )3 L8 c(horticulture) W 08 (g o8 3 (lidig)

sddlul (food production) (1% 313e 3455 5 (plant propagation) <l sua)) «(gardening
g (g0

2 Jald A (e 0 g ben ) Gl My (lidig) ) AS (oW e

Ailua (aquatic plants) ¢ GWLE Giusus s (hydroponics) sy g

G 2 OV (oo W) D) Sl g Ml (o (il (6 ) gbaiS 7 sha )3 2y (i 308 3 ) g S
(8) w88 8 e 3 SA g

Shown here is The Main Controller
which acts as the main On/Off
switch for one or muitiple Inda-Gro
Smart Light fixtures.

We've plugged an inexpensive Kill-
a-Watt meter to track instantaneous
and cumulative consumed watts.

A programmable timer is located
inside the Main Controller which
allows the end user to set the day &
hours of operation.

The Main Controller has a Maste
Sensor mounted on the bottom of
the cabinet. In our case we
decided to set the Main Sensor to
power up when detecting sunlight
conditions below 500 uMoles.
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LED Advantage

Advantages with LEDs
photon flux
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Important segments for horticultural LED lighting
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Key Data LH W5AM (660nm)

Golden DRAGON Plus and OSLON SSL LEDs with their efficiency of 37% are among
the most efficient light sources on the market in the deep red range (660 nm wavelength).

» Golden Dragon Plus HyperRed
» Peak wavelength: 650-670 nm
» Typ. output power: -320 mW @ 400 mA

» Perlormance increase planned shorlly 1o 4D0Dmw

» Alternative package: Oslon SSL 80" (LH CP7P)
*-> no secondary lens required
*=> compact design

= higher robustness

&
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hra el M| G| G| H| H| H| H| H| H| H| H| H
"Pelargonium"
Gosin 55 M| G| G| H| H| H| H| H| H| H| H| H
"Rose (miniature)"
"Salvia" & e M| G| G| H| H| H| H| H| H| H| H| H
"Schefflera" |_ld M| G| G| H| H| H| H| H| H| H| H| H
"Angelonia" L skl M| M| G| G| G| H| H| H| H| H| H| H
"Aster" L S M| M| G| G| G| H| H| H| H| H| H| H
"Iberis" 1) M| M| G| G| G| H| H| H| H| H| H| H
"Vinca" (&5 n M| M| G| G| G| H| H| H| H| H| H| H
"Celosia" (505 zU M| M| G| G| G| H| H| H| H| H| H| H
2590 M| M| G| G| G| H| H| H| H| H| H| H
"Chrysanthemum"
"Coleus" <o g G M| M| G| G| G| H| H| H| H| H| H| H
RS M| M| G| G| G| H| H| H| H| H| H| H
"Coreopsis"
@ o s K M| M| G| G| G| H| H| H| H| H| H| H
"Cosmos"
"Croton" Uysis S M| M| G| G| G| H| H| H| H| H| H| H
"Dahlia" <SS M| M| G| G| G| H| H| H| H| H| H| H
"Ficus" LS M| M| G| G| G| H| H| H| H| H| H| H
gt M| M| G| G| G| H| H| H| H| H| H| H
"Hemerocallis"
(§ o R iy oL M| M| G| G| G| H| H| H| H| H| H| H
"Lantana"
058 s M| M| G| G| G| H| H| H| H| H| H| H
"Lavender"
(b)) s tas K M| M| G| G| G| H| H| H| H| H| H| H
"Marigold"
"Peunia" k) M| M| G| G| G| H| H| H| H| H| H| H
"Phlox" (S st M| M| G| G| G| H| H| H| H| H| H| H
"Sedum" b S M| M| G| G| G| H| H| H| H| H| H| H
(s 3ara Y ol M| M| G| G| G| H| H| H| H| H| H| H
"Verbena"
ESPRRHY M| M| G| G| G| H| H| H| H| H| H| H
"Pansy (Viola)"
"Zinnia" sl K M| M| G| G| G| G| H| H| H| H| H
"Caspicum" s Jilé M| M| G| G| G| G| H| H| H| H| H
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(and 0233 8 ah) 8 W Ad 3R Gl 3B (9 i (A8 ) oaliiu) (Sl (B phaliay A1) AZBL (g g

el i Juw Fo ) Gl ¢ 2 (high intensity discharge) "HID" b b @ad b (Alw (A6
S e 438 S Cladd 4 W A 3 JaSa (A6 b gadi (i

P el aig) (oo S L AJAKE A2 58 (5) 3 A4S "HID" W Y ) Adgal g

Jaldi (PAR) Jilesid )3 Jlad ) ga) <) guay 1) s ) sa) (o idin 4S (MH) "l JUia™ el ()
(aa) (i gy 2y il g ) AS 200 (pa Jael (ol sio e 2 g Slaglli de eaF e

it 3 -5 035050 53 1) (PAR) Jiieasi 43 Jlab ) gal 4S (HPS) "Lt ) asus® aa (o
(i) i) 3 2 £ o8 lyygpd ) g el (e Sl ) Sagili PO -0

2 54 3 patiyl (A3 83 JSES (5) g (ld G gina AS 39l ABiale 4l "HID" 5 ales Al 0
Yo O Gl Y sh (restrike) e (b @adi W 593 100 "HID" W ¥ dla ) 5a 3ga
ol das e Cigliia g9 danl pd 3 L el A gl L A e8 J IS 1A Al (o) ARy
Gl 4y "HID" W ¥ 38 b S e dia e 1) (A gl 8 cilad g3 A4S K la ABAK 0 45 6800y
WAL (o (R Slles aali aas Aol g A4S A gl e i g ) W AR asaY g g3

b dimming) U 03 JAIS (g1 (A (A3, W alsu s "HID" sl ¥ (S sk

(%) MK i Ak (rebates

LED vs HID

Luminous efficacy of HID lamps is overweighed

Emission ‘LED' H‘D) and sensmv"y curve = Re‘d r. ‘C"E‘On]nnﬂ & t'iLle ': '450 nn\-) are thf? rnO'S[

appropnate wavelengths from a technical point
'.)f Vv ié’.\'.’

Sensitivity curve DIN « Much of the HID spectrum takes place in the
f ~_Radiant power HID = SP S P

14 | Radtant power LED
yellow and orange range

LED N 192

B 1
| \\. I‘ J !
08 : 't 1"" v ™o - alag il - a 3 C
\ Z1HN } ->Theoretical calculation leads to a factor of 1.9
‘--‘, ,‘/'/ 2| | higher efficacy using LED"
! | \
) - i | \.
0.4 A, 11 1 i HID [ 1.00
\
|

=
()
p—

3

Normalzed absorption spectrum and
radiated power [a.u.)
o
=1

4

S Pt = High energy saving potential
400 450 500 550 600 650 700 750 ;
Wavelength in nm => Best ratio of blue and red needs to be

determmed under realistic conditions
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W ¥ Ol giny g Aliea )i Cula sl sl ¥ )53 ) (induction lamp) SE W cuY

(o 43L& (Electrodeless Fluorescent Discharge Lamps) "EFDL" & "9 a8l ¢y g uiu j ol8"
A9 e odliiaa) 3 0 gan Ll aS glala ) L8 S 0 o 1 K o) e Ayl el Ad g8 Cldla o A gl
(%) BN 58 o)y g ) o) Al (o) Adindi A (g0 Ledl AT 2 8 A g la A U

o ESlu 3 uglS Yo Uiy ol)I0 caliad ANy W3 gasl) g la AS "HID" W Y ) S5
A a8 g At Y ek <l Gla el "HID™ Y LAy (o S ages dalla gl g 2L
(¥) i (auto-dimming) U ad Lhigala

L gAC @R g VY aYVY olaflily b Lgdl ) 438l () 03 yiu 340 S 0394l "EFDL" W ¥
Alled gl BB W 5 b alBa s gla W Y ) Jad ) L AES e S A 80F e il
S5 A AN (55,0 Jaad (51 "HID™ W ¥ b delBa o (g il i S ) "EFDL" W ¥
saliicil "HID" W ¥ (slag "EFDL" (s ¥ ) A4S jgua o 2068 QLS ool S8 (g, 68
(%) 2 AT Ve ) G Ay g S W e ala Jld oK 35

L e 3 LT 3 & e "M Y g o 58 VAR s 3 by (ki "EFDL” sla ¥
A ey el dda gy lgs Gl 381 () (g et 38 s (incandescent) (gl s Y
Voo U g Al e adgi el jln glad L caa 46800 00 K e (e (Amaa s 50 g A ) )l
| A 5 0 gl i guany st LG SA" ) R1 sl cua¥ SRy AL e o) g3 sl iR
() S " g ouba 57 ) ke s cuad 4 1 el

Standard 1000 watt HPS Greenhouse Lights
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PAs (pa Al ) W Gig el j3 (RS s ) o)) dias GRS L
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_AJ;¢M\5\COZ£%A~ALﬂMS&QQ@jJJ‘QU}QS\~~.ﬂwﬁﬁﬂ(«,\

(%) 2L 0 SRS Y A dida 1) A s g Jlala (@

(%) B s ¥ L HID gl ¥ dulia (D] 5230

(@9) BAras s34 | (mg) e ik Y g g
LTSN VA HID
foo Y4 | (induction) A&l s Y

el A Vo (o) ol 39 e oaliiad el 108 Vo pae o L "HID™ W qua¥ ) ASiila
@l For @l b "Inda-Gro™ ¥ el 4SS pa 0 Al (e Sl £ 68 Gl ) Y Ve A dy (R
() 2012 55 "HID™ ¥ A aga cly dgan 53 (o S b g 4S 20 K g Aad 350k il g

INDUCTION LAMPS - EFDL

Electrodeless Fluorescent Dvscharge Lamps

':'.up‘_v
Argon Gas Combined with Fousirg
Rare Earch Phaiphors

2" Diameter
Sealed Tube,
Typical Al Wattages
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3 9328 saliia) Juw cilida Jguad 3 adipgd g8 ) (s i5a gy g lad K 0n sl AUAK 3055 4S
() S8 o g OALS Al 2y () e 58 JBlas

:"pro-420-PAR-DH" Jx "Inda-Gro" o=¥ 4 j2a
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Cr Ady )M Electrodeless Fluorescent Discharge Lamps) "EFDL" b cuici ;g1 39 50 ¢ gy
| podiadi i c e g AL pa AR08 3 g ST S LT Aliea 390 0a BN oW ¥ 3 o30S
AN gl Adelu I8 Ve gae

AL JAI )y (R 68 O e clila gl gk Al 6 e g Alleid b 58 b Olsad () o8 ik (g )0 L
() Abad 0 Juala (o) AIAKE O puana g8 b 3 )5 50 s Adpa Cnidn Gkl

2 J) Al "EFDL" L ¥ sl e (nsodas

ALS 4 G 550 "HID™ £.58 ) Olad W ua¥ ) S dapa Ve Tagas (il

Al GRLE gy adiy Ada e 358 ) lilay "PAR" ) (g) 0d e ik b ajdia old Y (@
algd Cela JI3R Ve jila adadd AALS M jd Vv Curdg U AS Alld al g cela 108 Voo @Il (@
A MR Sisa

O yas Jsb ) (a8 Ghgald g (g A4Sy ) ghay Aliead 3533l (duty cycle) ) ouss iy gl (@
AR e

NG e o) AR ALE O gana [ 8e Al () g (g itk (5 ) gid g ik bl ) (&
oAl (auh (UG da) pl uladl g 2 pa B0 -Y v Gl e Al GUI S i (7

AN (Ada A8 e by Gillaa 5 dian (&
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dg dagl yh (b 3 O 88 (0 (g (s B T g8 a0 68 ) S ghaa (g R o jURT g G Uy
o) aSfal) W gl g Ad By LAy e (R0 laS by LS L ) 9e 3y (lidig ) pulils
My padiyl Ag ) g s 5 (e Ad e e U agal ) g aS o) ASgKe 1) W el (ol U aiRa
(il G LS

da o Ly Y %Yﬂoﬁdgéﬁwmﬂ@\J\J@U&JJ}\SM&QQ\J FY. u.:u‘i:dﬁ'u

) @MJJ

Gl Y YeYVY aéjdegéijlﬂJ

FoA 0eaf e agan 3 il

+/39 353 3 (power factor) < ) gisid

dad Ve ) AS THD

DA DA Gl
High setting : 400-800 iMol/m2-s (fullbright if <400,dimmed to 50% if 2800)

Low setting : 250-500 LLMol/m2-s (fullbright if < 250 , dimmed to 50% out put = 500)
(7 2ala)

lighting accessories
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1) E.L. — 2012 - LEDs for algae and plant growth —
http://www.environmentallights.com

2) GROWACE - 2013 — Grow lights — http://growace.com
3) INDA GRO - 2012 - supplemental greenhouse lighting systems — www.inda-

gro.com

4) Peiler , K & et al — 2010 — Horticulture application : grow lights — OSRAM opto
semiconductors ; http://www.osram-os.com
5) Wikipedia — 2013 — Growth light — http://en.wikipedia.org
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Rootstock and scion stems are severed at a 45-degree angle and united with a
silicon clip.
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Healing chamber constructed on a bench In a

greenhouse. Plastic sheeting holds in water to maintain
Approximate dimensions of a vegetable grafting . ion, humidity, and shade cloth fimits light to reduce

healing chamber. photosynthesis and water loss from the scion.
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Narcissus cyclamineus Cyclamineus daffodil \
Narcissus Sp.double flowered cultivars | Double-flowered daffodil \
Narcissus jonquilla Jonquil Y
Narcissus poeticus Poet’s Narcissus , f

Poet’s flower,

Pheasant’s eye Narcissus,
Narcissus tazetta Tazetta Narcissus o
Narcissus Sp.trumpet flowered cultivars | Trumpet-flowered daffodil 4
Narcissus bulbocodium Hoop-petticoat daffodil v
Narcissus triandrus Triandrus daffodil A
Narcissus tazetta papyraceous Paper white Narcissus 4
Narcissus odorus Campernelle Jonquil \e
Narcissus intermedius Texas star Jonquil AR
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Symptoms of Basal Rot of Narcissus @
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Small scale Hot Water Treatment (HWT) of bulbs @
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