WO 2010/014600PCT/US2009/051949 PLANT GROWING ASSEMBLY STATEMENT REGARDING
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT [0001] Not applicable. BACKGROUND
Field of the Invention 10002) This invention relates generally to the field of growing plants in climate
controlled faBiftd* &% pecifically, the invention relates to a method of §rEWHREBMEAEIn a growing
room. Background of the Invention (0003] The commercial process of planting, germinating and
hardening of plantlets typically oBEUANT |G B IVEEND uSeSFRERANhis process, individual plantlets
are grown in small plastic liners dispersed across a flat. The flats themselves are distributed
throughout the greenhouse on various racks or benches at a uniform height. This arrangement creates
a number of inefficienci®5Ad TGN+ BIRE

adjacent plants and poor light tranggdgsigictireye b iherfiatsegeitonally, the care for the plants
requires extra manual labor to move the liners and remove the plants from the liners. [0004] A growing
room sch%éidigabmlﬁblﬁertz, U.S. Patent No. 5,511,340, incorporated herein by reference,
demonstrates a green house structure for increasing productivity by vertically arranging and growing
plantlets on hanging sheets. 100051 Thereﬁge&g&%&g ow plants for extended periods of time in a
controlled environment. For example, growing systems are needed for growing livestock feed, grains,
and food Ereigsiiibe bortratked environment over extended periods of time. Furthermore, as the

population &ﬁi‘“%%si(flqgéﬁggﬁ%%%%%{‘%%a{& 3. SxPaANG %

Ip dﬁ) ,nlglm]‘orf d,(%ro stvvi increase.
There is also the nee dresst | requirements ﬁ&%gpﬁaeve%gjﬁ% %ygﬁéot Ce{j seedling or

sprout stageildifd. dieist esgifiealberivvaverigsynsiatele plamtind afoerothadadiity forrgantng. Further
there is aggd for a growing system that allows the private homeowner to grow plants in high density
urban areas to cultivate fresh produce.

Backeround of the Invention

[06063] The commercial process of planting, germinating and hardening of plantlets typically
occurs in large greenhouses. During this process, individual plantlets are grown in small plastic
liners dispersed across a flat. The flats themselves are distributed throughout the greenhouse on
various racks or benches at a uniform height. This arrangement creates a number of
mefficiencies in the growing process including obstruction of light, dead air space among
adjacent plants and poor light transmission through the flats. Additionally, the care for the
plants requires extra manual labor to move the liners and remove the plants from the liners.
[o004] A growing room such as disclosed by Kertz, U.S. Patent No. 5,511,340, incorporated
herein by reference, demonstrates a green house structure for increasing productivity by
vertically arranging and growing plantlets on hanging sheets,

[0005] There is a need to grow plants for extended periods of time in a controlled environment.
For example, growing systems are needed for growing livestock feed, grains, and food crops in
a controlied environment over extended periods of time, Furthermore, as the population
continues to increase and urban areas expand, the demand for food crops will increase. There
is also the need to address the spatial requirements of plants developing bevond the seedling or
sprout stage and do not require removal of germinated plantlets from the facility for replanting.
Further there is a need for a growing system that allows the private homeowner to grow plants
in high density urban areas to cultivate fresh produce.

[0006] Consequently, there is a need for a new vertical growing apparatus to maximize the

benefits of the vertical arrangements of a growing room.



[0006] Consequently, there is a need for a new vertical growing apparatus to maximize the benefits of
the vertical arrangements of a growing room. BRIEF SUMMARY 100071 An apparatus and method
for growing plants in a growing room includes a hanging member having a substantially planar
configuration, oriented vertically. At least one carriage is disposed on the hanging member to support
wowing plants. A nutrient delivery systemBRIEE stiditARYeliver nutrients to the hanging member
and to re %gbe unusegl nutélentfsh([ 8] In a furt rembodlment an apparatys for supporting
growing 'Containers i the Grow r%lgm MprSes 45l tlgl?eI%‘t%W%atB‘t’ B GeAibaNE S8 pported
in the grmmbamaﬁmgskehémm@]y@mﬁtd@aﬁmaadﬂr@ﬂaﬂﬂomddmmmfl@i’édo@ﬂae:é}hﬂg@rﬁ racks to
support rowin co tainers. 1000 % In addltlonal embfdlme ts, a nutrient dispensin system to
dispense n%% fients to pﬁant%l%%% 59 S EORINR ggtr\)?t‘ﬁ‘?;\e 'ifrlr‘?B“T"Pfeg ?ﬁ‘b as a
communicades witkelver ppty@ﬁmmﬂ&rﬁm@mgtﬂembadmﬁ haseaypicralifyuotaazalestasspray the
nutrientzo%%J theapﬁ%elgs the move on a track through the row room. A reservaqir collects unused
nutrients ahd cOmmunICatSR Gath Bt SRP AN i ﬁ s%%ﬁ%ﬁ?é’h%g%‘rlﬁ §t&Hee under
the trackdnrtheogrpriseo ansuppoatchetioa selmttiiert wnm&ﬁﬂﬂydﬁmo@&bﬁﬂeﬁy@mlt&mugﬁ the
system. 10 firs 3s ct there rovided an a tus for growing plants, the apparatus
comprrsr#gﬁ)goﬁalhlaqrﬁ%gersnem %r? r‘?g?/rhegn %11 %u ﬁt.gﬁnﬁtﬁiﬁ?%&ﬁﬁg?fr%t%fﬁ BHEhi8 FURR ALt " having
at least grmvﬁage;omﬂaeram the hangrng member comprrses an upper support member conflgured to
verticaII ortt \l\éelght P hapgln Iurallt of su % ort members dlspcised on the
hangin ber oluirafity Of Vericaln elg 1%3 t?i RESSHOHE SRR BN face;

and a nmepmmlweqnmtejmmamm@oonﬂw@mp tordelb&npuﬂmtmtoatb@Mng@@pmgmber
having a v%ssel fo gapture an yrec lle pyse{j nut |e ts from rﬁée vessel to the conduit loop, and a
conduit {0 recycle any unouséT‘1 AGt sraw érein e har? &Pl %8?%%/%% llﬂ?tﬁt%s %urt loop
to spraydiquid mutfient&k)nfnmhgma}n@nggamemm 10009kdrntnin seltens aspeet, theterns psayided an
apparatus for growin n the rising: a han ber a S bst ntially
planar conIPgﬁ%atﬁ\o\{ns%ﬁen% g VeRR ally‘[‘%t(&l%1 g{? § anee noern 8%8%2 Tsﬁpl%)‘ apted to
be vertidadhk Supipopiecircarg roveaob ey e sulpjenttrakefétarnt m@jgtﬁtllgg"c&tﬂﬁ@@hﬁgetmgﬁhpport
member and the support skeleton having a plurality of horizontal racks disposed at different vertical
heights a%g glsposed on opposite sides of the planar hanging member to support growing containers
for growistggelahtsaafiditfespntthelgintsiviphirithel gznovsipmmus 100080l ingaihinc aﬁne epﬁkkafesls
provrded an apparatus for rowi lants in 2 1, com sing;. a han member adapted
to be vertrcaﬁrP nL%spe ﬁtﬁfen%r%v%vg {, Rg r"i‘te‘r% %%‘ gﬁoﬁlgo er %ﬁ@éﬁt
memberhaxon@g(urbdstoouerfmelwdmpmorﬂméamgiggm&ﬁt@mmgmmemhqapeatsqu&h-tw@emﬁtcal load
carriers ha\ﬁn ! Ven],t]taaﬁhed to th ﬁé@pem pRMLM mber; ap (Flrty of hor ontaﬁracks extending
between ?ﬁe 5 vertloa ATTIers at diferent vert thﬁnr%s 8h oap%8§ L3590 SHRpE hanging
membernpfasteredspordeastitiy: thm fiog zoatdlaacks rtblthﬂe:jooﬁjvearcﬂ rscightd & plusplity @bbages
disposed, d orizanfal racks and t atain owing Iants 00 1lin af rth aspect,
there is %r%g\][/ld%e%daén %%%?ra‘tﬁgk%ﬁeg%wrhg p anc%s8 ) %g%rgfn 5 cvmﬁrls#ﬁagaghan mgglfer%rber
having avsutsstandially plapagconfigerabivnngriernted vertigally; havingeldeastehefaneyapibrality of
support me isposed on the hanging me er at a pl rallt of vertical hel hts to support growing
plants o?th%%%iggst%%gne acleitéoc c%cur gor suppofrr&:g and crrcﬁigatnng & plurait f‘ IE)I?gngmg
membe&ﬁﬂmughmbgremﬁouba;@hdthenwmm dediveny wstehqdn@mn@lmmndwtﬂmbdﬁgd@ver
nutrlentsn%nguee hanging member, having a vessel to capture and recycle unused nutrients from the
vessel to the conduit loop, and a conduit to recycle any unused nutrients. 100101 The foregoing has
outllnedlﬁaﬂhﬁrlbr@a&ﬂgothﬂeafmmuréheamdsteobmdm! anl\pptages 6btheawienihdimis dﬁdeipthﬁﬁﬁkse detailed

description of-the i ybeb tter und rstood dditional featu dvantages
of the |n\?en LE I%”Ilab aéé) grf\éigr‘{é ertsh F %alltlh ec gA tt a’rr%%egtf effiht/ceahtyOn It

should b@dpp@nmwﬁwthm@a@kgledﬁpgm selthar ttdemorh ¢e rbt:oremdllh ewppecifit @mbpoiments
disclose lg)(r;ﬁpyﬂhee le a asis difying or, desi n|n ot r stru es for carrying out
the same purposes ](%%Hek?%/er?ﬁohc “%t?éuﬁt& afi%%?bé)érg |Szle ;}% osgren Skined i L{e{l arﬂ?r%(t%such
equivaletitlstersthaziizh s dowrelitie parhéromnthk spikit dﬂﬁ;bomdpetoﬂﬁferenverwomhstsghfmrﬂndn the
append%gs}%%@%n opposite sides of the planar hanging member to support growing containers for

growing plants at different heights within the grow room.



100111 Thus, embodiments described herein comprise a combination of features and advantages
intended to address various shortcomings associated with certain prior devices. The various
characteristics described above, as well as other features, will be readily apparent to those skilled in
the art upon reading the following detailed description of the preferred embodiments, and by referring
to the adeenmpdnydrigidaspiegstiiBRIERHDESCRIPIIONOE FHEDRAWIME Sh1DgiRInFproadetailed
description of the preferred embodiments of tq?e invention, reference will pow be made to t
accompe e L B e T O b SR g
illustratesaagirgntadeizw lofvangravwapgesseppdor manber,reonip[06d 4] FgiediBupmerbsswsegiional view
of the gr i.Q,g] ?h et at Detail 1B.shown in Figure TA; 100151 Figure 2 illustrates,a frontal view of the
growinggstnéeet o%ﬁlgtﬁ}%rgcéreﬁo#eiga%%gﬁ%‘f%rr{%aéﬁg\?vdl\ﬁmi %ﬁauerrééjfg ﬁfu&%?e%%uﬁaeer view of
the growimgpstieetitematplreabitpotiediptas ok a grend oo b0 Théigurecithidrvadesmiérontal view

o« SRS A S s sl s
the horizontal racks to the load carriers; and a plurality of bases disposed on the horizontal
racks and adapted to contain growing plants. _

[6009d] In a fourth aspect, there is provided an apparatus for growing plants, the apparatus
comprising: a hanging member having a substantially planar configuration, oriented vertically,
having at least one face; a plurality of support members disposed on the hanging member at a
plurality of vertical heights to support growing plants on the at least one face; a closed circuit
for supporting and circulating a plurality of hanging members through a green house; and a
nutrient delivery system, having a conduit loop to deliver nutrients to the hanging member,
having a vessel to capture and recycle unused nutrients from the vessel to the conduit loop, and
a conduit to recycle any unused nutrients,

{0010] The foregoing has outlined rather broadly the features and technical advantages of the
invention in order that the detailed description of the invention that follows may be better
understood. Additional features and advantages of the invention will be described hereinafter
that form the subject of the claims of the invention. It should be appreciated by those skilled in
the art that the conception and the specific embodiments disclosed may be readily utilized as a
basis for modifying or designing other structures for carrying out the same purposes of the
invention. It should also be realized by those skilled in the art that such equivalent
constructions do not depart from the spirit and scope of the invention as set forth in the
appénded claims.

foo1x] Thus, embodiments described herein comprise a combination of features and
advantages intended to address various shortcomings associated with certain prior devices. The
various characteristics described above, as well as other features, will be readily apparent to
those skilled in the art upon reading the following detailed description of the preferred

embodiments, and by referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] For a detailed description of the preferred embodiments of the invention, reference will

now be made to the accompanying drawings in which:
2a



[0020] Figure 6 is a schematic of a top view of the growing room; [0021] Figure 7 illustrates an inline
elevation view of a water recycling system for a grow room; and [0022] Figure 8 is a perspective side
view of a water recycling system for a grow room. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMEW?%“?&? %he following discussion is directed to various ehb& RS bFthe invention.
Although one or more of these embodiments may be preferred, the embodiments disclosed should not
be interprigtes, drigttrerwiskused, afdimitingithe sgapenyf thetdisclgsurerdociuding the claims. In
addition, killed in rt.wil rstand th e followin SCHRII as hroad lication, and
the ciscut oy d o N R
intended tdintimate that the scope of the disclosure, including the claims, is limited to that

embodimeptsil OfgHRefaring initiely o TigUWede thekens ﬁﬁ%&ﬂaﬁmc%@é%@in% RiaRt growing

apparatus 10 of the plant growing assembly. The plant growing apparatus 10 includes a planar sheet
12 havinge8pitiréiity of plant holders 20 attached thereto for supporting plants in plant media. The

sheet 12 payberighamsmaierialcapableial srproingitheneight alibe arqwing mediarand plants. In
embodiments the material of sheet 12 is translucent or light penetrable, such as translucent polymers
or plastic$ t6f tH&propagation of light through a growing room or greenhouse, the material of sheet
12 is subgtamialfcirsrisiticarttsuchidhat theypdéntskceoaivapight for gitaws; [0025] In alternative

embodim the sheet, 12 includes areas without material such as.cut outs.14. These cutouts 14 are
Contigure T b e s £ S Bl B B S o et
S2009/050849 plagtwihibutisseding thovplaiesskpiswthsuppesmigranisifig the structural integrity of the
sheet 12. i&%Gmggtg){ggl%h%@g%geg%%@%m%p&%lg&%nade of a material that is gas

permeable. Synthétic polymers, such as polyethylene; polypropylene, ABS plastic, poly-acrylic plastic
or others, ¥ knid@ncd SHe SRR aTHHeC AR JApefmasbRe st WaRSYiantior a grow

room; and

10022} Figure 8 is a perspective side view of a water recycling system for a grow room.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS _

[0023] The following discussion s directed to various embodiments of the mvention.
Although one or more of these embodiments may be preferred, the embodiments disclosed
should not be interpreted, or otherwise used, as limiting the scope of the disclosure, inchuding
the claims. In addition, one skilled in the art will understand that the following description has
broad application, and the discussion of any embodiment i3 meant orly to be exemplary of that
embodiment, and not intended to intimate that the scope of the disclosure, including the claims,
1s limited to that embodiment.

[0024] Referring initially to Figure 1, there is shown an embodiment of a plant growing
apparatus 10 of the plant growing assembiy. The plant growing apparatus 10 includes a planar
sheet 12 having a plurality of plant holders 20 attached thereto for supporting plants in plant
media. The sheet 12 may be of any material capable of supporting the weight of the growing
media and plants. In embodiments the material of sheet 12 is transhucent or light penetrable,
such as translucent polymers or plastics. For the propagation of light through a growing room
or greenhouse, the material of sheet 12 is substantially translucent such that the plants receive
light to grow.

[0025] In alternative embodiments, the sheet 12 includes areas without material such as cut

outs 14. These cutouts 14 are configured to allow the maximal passage of light and gases to the



[0027] In embodiments plant growing apparatus 10 has a width If, of between about three feet and
about six feet, preferably between about three feet and about four feet. In further embodiments the
plant growing apparatus may have a length /.", that is between about four feet and about twelve feet,
with a prefer%éﬂ%ﬂ@t‘ﬁ%? about ten feet to about eleven feet. It can be erfVididngd HattHe plant
growing apparatus 10 has alternate dimensions dependent on the user, the plants, the purpose, and
the mateniddrftovithsitichittdinghibeplbitis gomstrusteatnfOORBINE ththwnadisposedray ahthinderporated in
the lower gdge of the growing sheet 12 is a tension weight 16. The tension weight 16 may include a
bar, rod, or other rigid linear material configured for applying a slight tension to the sheet 12 and

holding thétptandgedividlappatatisiantic dhgbries ailpsietichr anadsiafat ol iRns[8629] In an
embodimgegt{ba,rheehheiandihRldersdl ArporRmsiEigeh} éﬁ;%i@l@gi&ﬁbq%m?&wm@ an organic,
e

renewable alternative to petroleum based %olymer material. Cellulose, starch, soy plastics and
pressed pRATA BIBIEYRIAIKIBRIENE RS DI AR RE REE e Rh BRI EHd holder 20 to
support thegmovingrplaniseriy prefiesrediamippaimeants tive shiaet9il Ofandheldars.2ateregnstructed
of cellulose.,Cellulose f om Iapt_ rl1d g]_it(\:;obial ori i'{hs is edible by éhetBPvid:i_le g‘an}ily¥i§ﬁluding cows,
goats, shéa AP tHEIKE a WEIFAY pige BY §POWing Thdortaiive Mo e bs ol edd Etoplements
like oats, babelipalialfGapidnvireatiorapsatitessheetsdkOad o thold st 20bcanche feditdotief@nimals
intact. This_represents.a labor savi h i holders 20 ca fed to the
e, o R e o e 1 ¥ 020 n
further ensbodipnedthatldstpitatigiverogsprataion it ieatire dBiaoshdercnpanian ecastered and
have an innencatesbeahsd ofRQbReGMAeHAl IRhSHPRQUING theskegld?, and a removable inner

and/or outer covering sheet 13 of an alternate material for supporting the growth of the plants. For
example, H&8infersreditnoett 4 ing iBer Bt Bt LWBRdED o BIEMRESTstids Bnd the inner
and/or outedseaveEnRasieerslddiay Reigamprised:ef arlluinsenl0f3didn kedtairemaediments, a
seed is integrated into the surface of the sheet 12 and/gr holder, 20. In order to integrate or insert
oo SR BrA Lo SUTAINE ORI 13 SrTvic A0S AR M REteie HR e roosely
woven, orlbave geloods matitxl ahdndteaatoligrieh 2010/014600PCT/US2009/051949 loose matrix
allows th ts.of a grqwi lamt to anchaor the plantin the material of the sheet 12 and/or holder 20.
By mear B B G B R SR, e ! fed
to livestockcFusther othensheetch@blnchoteidi 2 0oapt agicaummdased tpofirsectierisbed Whilesthe seeds

germinate, Graigs i particular RIS ERTHG RS/ IRALOR LS Fuale dal e shieek 12 andlor

holder 20, as they tend to be grass Like and capable of growing to high densities in a short amount of
time. Addiiseialiy et dinidardrivagepras sheearivestbar dimersFrsdraragprestons shssthidht growing

apparatus; 1 wilirintegrated seeds-may barseid toquiNaie-CHsRPRS WIOERLIAY WHdthe sheets in a
garden. 10%

2) Further, the plant growing.apparatus 10 comprises,a means for supporting growing
Diants in RGP TR e OB o PO S ShOE 15 YHb BIAHPsL ot

structure grawary hnddenzOimaytdad depduich fecpcokplracstobip: arasintilatesiruicilibe aispdsad on sheet
12, suitable for retainir owi edig withqut Limitation. The plant holder 20 may, be analogous to
the romitg el B L B o s L 0 B REr e e FOE o0 (e naiucted
of a materalipgefiepablyhierppermeriblel foanditeldbat28llowd e &sl exdhangenslichdthamaolaet] plastic, or

other matgg@a@%%%qﬁ%gtggﬁgﬁqhgﬁgdq_ggrgm%%m&pjgm holder 20 is impermeable to water, the

plant holder 20 is constructed to allow water passage through the %rowin media. In alternative

embodiméites] tHe Supisermabrddnpe ol igimiadofierososes it ielB S gy ifglit serideghdédnavich as a net
or woven gaatgtal %ﬁ&@aﬁmﬂmmwamhﬁ@@hﬁm&w%@ Wighhwp brtweeniabout one
y

inch and about one foot. The plant holder 20 may have a length Ip between about two_inches and
about two?fet TR HIJRIGT HHen I ST RS IE R e PraTRIH BIEEH 907 VBRI Size
dependentrowtheflanbRiplafs: hainapdrows pndhecplantgrowingappamiys k. dh fusihen
embodimen}s rows of plant old%r%héo. are SR%:ed istance .dr agggg I?istanc% d, beiQ%G%JEf}cient to

allow the PIATREES GPEW et AR rom RSTadr 2T Withib b Titetferdnce, - May be comp
cellulose.

[8031] In certain embodiments, a seed 18 integrated into the surface of the sheet 12 and/or
holder 20. In order to integrate or insert seeds into the vertical surface 25 of the sheet 12 or into

the holder 20, the material has to be loosely woven, or have a loose matrix of material. The
4



100341 The plant holder 20 is sufficiently sized to hold a seedling, and in fiwther embodiments the
plant holder 20 is large enough to hold a small plant. While preferable to grow micro-greens, bean
plants, herbs, spices and other small vegetable plants, it can be envisioned that the plant growing
apparatus 18R @éﬁgb"l@%f supporting mature plants. [0035) Without beirf)gCEfHﬁfg(H”B {’H’éory, itis
possible to entirely prevent gas exchange at the root level in a plant by increasing the moisture content
of the grolwing mrédkeaioaspbinbofs setu mtiomemisitumiibori$enfavonathiefeidis pfodcessdf growing

plants and makes g, [H&ans %@%@é%ﬁ‘&e@%ﬁ@§§e}ﬂ‘ﬁ‘iﬁ5 %%%95?%@%5‘9&%@iPE%B%@%\ScJISDUS the
holders 20 include a drain 21 to remove excess water. WO 2010/014600PC17US2009/051949 [0036]

The plantgrswing-appaeatiad Gidelipporekd Ferdea Nibshachahahddaidard 30 aHevanying means 30
includes ahanging nembaiR2andsheelatachmentmambepsdaliiie hargingdnpembel32 may be a

AtachmeH BB 82 A RS Ao, 08 BAETTHE Fam g TS, SO B Mxed to
the plant gipnsRG ApRAIBIS :byomliRsHMeans il eNbedimaniihelppeisnaohshget 12 is
the bar 35 BLR U BRHS oA SBCTE AT TherBeP 32 pHOSdLa BUGH B pEhg i the
loop and iistegmpjédetids_mB$bmetdptoipﬁﬁ&BmﬁﬂhmbawBBcd@@&?@xRémsﬁ@mwgﬁ&i@ure _2, there is
Blanar s e B R 12 Paving

a pocket #lané i ceiverartinmid avbskwoolafew tloé e seshtns wheske! hahufadanreerbyrGrodan
Hydro pon&ﬁ&%@(ﬁ%@ﬁé@%ﬁ@%@/ﬁ@?%@ﬂﬂ% gl xvgz%\é/is? HighareshalienteR.and gas

permeability properties. The grow cubes 46 can be between about two inches and about six inches. In
embodimé?ﬁgié?g@maa}%&wn@%ﬁgrgfa‘éﬂa@ wsfisupieH betirden abbtPho sl Piockwool
cubes 46.[0331 ke ROGkel A4 isnorstiitiadofthe same Naleral asiheskaet 12 angiisticapable of
folding fl a[%ajr:% thicgrqw shgi(%lz In ce,rlfin_%{n (ﬁliments, t!}g pocket 445 aﬁiﬁed to the sheet 12
with adheSVERrd 1RSI Sirtd: o aitEat 4 T2 8N aPRR EBRHY T RioH Fhe BolkRY'Ei§8S 44A fold in
half verticatiyhaape sivd pogketybaitoriz4#Botadds:inaadfishtexahysibch ¢ hattaitbudace 4dasifits flush
against the face 4 vertical sheet 12. In embodiments illustrated in Figur t] ocket unfolds to
rovide o e At T R L A Y IR R T
growing appsasstubringhdhfogmioba sikdietdn digmpont SOrteodohdplatis sTihwykaletoresugport sheet 50
includes &(fgagpo 2 haing kepiallycxiending oadcauiets 94 sauplecy an upper support bar 56

and a plurality of racks 58. The vertically extending load carriers 54 may be any structure and material
suitable fdP%8hsiie Sepsserestiphashrepeime, lmaiﬁgfiﬁaaypd?%?gnaaée&@%ﬁ prahyAagraketires without
Iimit%t_ion-_oﬁeitafd.e "ﬂ}}@tlﬁrd;c@dsﬁp@wd% ﬂg@&%@?‘@@ﬁtifg%ﬁ%e@%m&a% fmmogsi@%uﬂija@gw "
combinatigns t ereort. In rther gm odiments t e‘verrtl al 0 C rrl_ers’ 4 ay Qe or a rigl material.
[0040] RabRS SH Bra RN B R B A A U oy R Bt
supportedanhskehatan slappddihd crbhe: acks pBargreoinglegpiadhe Merticdlidad aabtidisdd by
fasteners 59 and dis d between the racks 58 parallel to the ground. Fasteners 59 may comprise a
Soron, & DO RAL Oy 37 g S LS S A B gl
2010/0_14@@@%@@@8’2@@91@5&@@9_haﬁ%ﬂ&&&@mbmﬁmm skilled in the art. In further
embodimets, the,ragkpR.and yeticatdondcares RAmaY% beMAIIedAS RSNgIe AR

embodiments, the racks 58 may be further supported by at least ohe supplementary load carrier 55,

located bébfddmitthelderilals Fagecaeis’s B4bgbba spalhplaabndindietrSpratk ©eERTitalfty at least
one liner grhase,oh &sqaﬁa,%uﬁpgﬁcei ahoied plantpdurbeembedinentsinghastmaticomprises a
|

pot for retention of a growing media and plant. The number of horizontal racks 58 is variable
depending AFeRAHE B BEBHPI S SRME G RO R B URF Bt size of the mature plant. The
dimensiongnsd the skeletemplinie Siilaese;Heiplpas drowsngapRasatus i seattgditinia grow
room. In furher embodiments, the handing skelefon SupRorts; 0. <o nistsages etivgen plant
growing apparatus T dhd'36ina growimg room.

saturation. This situation is unfavorable for the process of growing plants and makes a means
of draining excess water from the growing media preferable. Thus the holders 20 include a

drain 21 to remove excess water.



[0042] The skeleton support 50 is supported vertically by a hanging means 60. The hanging means 60
includes a hanging member 62 and sheet attachment member 64. The hanging member 62 may be a
hook, a loop or a clasp to vertically support the weight of the support 50 and the sheet attachment
member 64 ??48&%%?&6%0%1 clamp or other connection 66 connecting the ﬁ%ﬂﬁ%%é%é? 62 to the
frame 52. In an embodiment, the hanging member 62 is connected to the upper support bar 56.
100431 AlgtilstidmepliniFitres 4rpathEs the ek d2edispoisetibetvwcmgiogicakivatl caltiers 54, are
designed fgr g sHaRONEHRANER'S Mg okl Smal SO RalS: EBRRASIEIREA My kg configured

to support the pots along their rim, their base, their pot sides or a combination thereof. In further

embodimBfigiiEeaNES 270 Aade ertuinRIR Rtidl trarde sy isalbagmreticlesupigbitel thhe baskets
70 are magigofwire uiheraatanial @pdire senfisidreiadeialy aReieRalamphegets between

about two inches in digmeter and about six inches in diameter, preferably between about two inches
and aboub#bur i AELIRE ARG 9@%8&%@&%@%@%&0&%?%?@@% Ay afdidout four
inches in digmeter, Ascitibstiiated, hEigye brihefhaskets 70 fargepesiionedd aha itedangledOfr) relative
to the skeleton 74. The tilt away from the vertically oriented skeleton 74 giyes growin ts additional
oo for DS ERALE A LRGeS B € HEhaa aBb Ut o R eab Okt Varical and
about onemkdice onhamtigahcprefefidiyshetieaniaboopdgsgrdedoandaboubdfidegrées from
vertical. In glter gﬁgﬁ%@%g@gtﬁit can be envisioned angle (3b can be moved or changed
dependent on the plant species being grown. [0044] Referring now to Figure 6, there is shown is a
grow roor#B0 sheitarte fest Hidowsedithyrs 1pshesie 3miicrabadinituratihe Rjrslestissis, such as
plant growina-apRarpis wARs 2BaRM.{ 4o TReraw roem.8Qdeckudes aa.seiReptinadiank,82 onto
which is removably connected % WO 2010/014600PCT/US2009/051949 to the hanging means 30 and
60 of the PRI GOMAGEHTIL RS CABF 256 aMBPPE Fhimiagie PR SbiasssivovEhBN stipport the
plant growogvaRparaiisubl, 40 sbth andntée aanfembarinencdnehBngingaRparals isadmoving rack

in a grow room such ag shown.in U.S. Patent 5,511,340. The growing room 80 may be a greenhouse
or otber STt oL R SEA A RSl R S R 580 Ther iy PSR B0 W dgPlihe orowing
lights for Gbatimomgubpedétionddbrirvgeuntenmenthsios imglepnentationtiss a Inarebglisesdike structure.
Additionally, ' ilatj lr [tioni em, Circu air through the.grow room and
maintain ?ﬁ?ﬁ%‘?‘g&gﬁ%& %%m@gégt%@r()a%%% é%%h%%;ﬁﬁﬁ%hrél\%’# é?rtﬁgrgé%vé?é)lw%%e%g%aratus 10, 40,
50 and 74%804Thanadke difculatorrieislndchssmmdondiveiy antlyrolvirigl dpperatiwenedle4df 50 and 74
to be proviged itk waiss, fertilisersnautrients and otbanshamicalsaheaniralsd inisrvals ulo

embodiments a nutrient dispensing assembly 90, as shown in Figures 7 and 8, is used to provide
liquid nutriBFRs to HHE piastiye Idp farasgasiohashesh arid! 7ehapst gedmMG tholide stinkler
systems aigeefiantivedan peovicinRdhe grawhsharlistiguithRuigBNS dbraugir the SIBVsieRmdpowever
they allow much of the liquid sprayed to he lost down the drain, A fogging or misting system, such as
the SyStRED I Al ) AR R 8 15 AR el AT AR orma
disclosedhiptieS AR dte pd & &L hB48, tnayphideube ddck endinfad noakhulidifyepiabout 70% or more in the
growing r [Q046].1t shoul appreciated that the plant growing apparatus 10, .40, 50 and 74 may
e nun R T R PASAIE PR B A e
hanging aspltenusipney beé ta fixkdpdintrctires skadbressanpeitirgaruss incidgeedrmoase. fENBgrow room

80 may bedused {onanyiRlaph SEing %&ﬁ@%@é@&?ﬁ@%@@ﬂ%ﬂ@ﬁ'%@%fﬂ%ﬁ% of racks

previously-described herein, that are moveably circulated through a grow room in order to expose
them to light. [OB47 A& SHaRdINAE rEETSaHUBAtHRS BrantiEteiingidsseisi sHEbBthe nutrient

dispensingagsemiyroBMBeare theRlant &roine: arRArGURA0rdQx88ARY (HRASSURERsR
dispensing conduit or.logp 92 an Qve{llﬁg}olding rese{vojr 94. The loop 92 has a first end 96A and a

second enFEBEHiSHIERS BRIGH SRR B SRHhR4RNES irPtheYRLL RIGiCEAPIHEY I8HdEis disposed
about theqolabirgtionsngeegpparatdethe; 4dbbiianas/hanetibs hadging apparaius 060 riidlternative
embodimglrétt%ﬁ%rl\e loop 92 may be disposed as a semi-loop, or only partially disposed about the plant
growing apparatus 10, 40, 50 and 74 circulation path. The first end 96A may be coupled to a pump 98
and in fluidigoim Rankicatiors withighech oidirgteeskovieimgd siheipuhmp B8 oumips watemapthmstrients
through the HSRENSH AR 36;bA BISSPHG.SNITAISRL B GIRAE SR APIR.AQAAIR A9 fisposed on

loop 92. The'second end o
fasteners 59 and disposed between the racks 58 parallel to the ground. Fasteners 59 may

comprise a screw, a bolt, a rivet, weld or any other means to affix a rack 58 to a vertical load
6 ’



WO 2010/014600PCUUS2009/051949 the loop 968 is a structure configured to maintain fluid pressure
throughout the loop 92. In embodiments the second end 968 may include an additional pump to pump
fluid throughv;t,hez(glig ensing loop 92. [00481 The reservoir 94 includes a first end 94A and a second
end 948 with firdt end B4A of the reservoir 94 being functionally deeper tHan (R LBEBAY tnd 948. The
first end 94A has the loop ends 96A and 968 located more proximally thereto. The second end 948 of
the reserveirionSié & dngateth and ilkdtbwn, the atmbafistofroolibeting the tbxceds Wrippingrhigelid from the

grow shegfsas,haysaqninge 4 mave huugh.the orov iRm0 along e sagk 82,0fthe grow room

80. In further embodiments, the reservoir second énd 94B extends along the Egth of the track 82 for an
elongate SEReHEd. by cbresitt ersoBprertapclondiaresisShelprain dsbrrerthesteirdlalastt 100 feet.

In these ipgtanees, the second end 94B remains sloped toward the first end 94A such that water will
flow downhill into the deeper end 94A of the reservoir 94. 100491 While the preferred embodiments of

the inventitithate BEEPEhEWH Shid et FBEYI B AIEATIONS tHETEbPEST hEHTANSBYBHY &killed in the
art withouiaeparting frorfutiherspitib dinctheathings:afthenipveationot he enshocinentgdesesibed and
the examples provided hetein are exemplary only, and.gre not.intended to be limiting, Many variations
and modifications o?%ﬁ% i?lf\}eieenlfiuomnb fs%%gg\éﬁ%e%ﬁ%?égo%gi e a}t%ge Félg\!}vl f‘fp%etﬁ;%grﬁé; Of the
invention photobding Eyf,om&t;bi{b@ @fm@é@i@m@mm@plw.tﬁ@déwiptm sétioutalotve, but is
only limite yce-claims Whsh et el seensneluding all equivalenia bl sypigghimaer of the
claims. CLAIMS We claim: 1°'An appara%us or growing plants, the apparatus comprising: a hanging
member KERAGES LSt H atfalcEn figetio AV o rte dverieafly, ivavisg aldelastoriagface,

wherein thg,haRAING MMEMPRICATRLHEeSAN upper support member configured to vertically support the
weight of the hanging member; a plurality of supgort members disposed on the hanging member at a

plurality ofVtical el LOpROR GIow B it 4 A bak B8R &faRe Snd B it delivery
system, having acantiitioopdatelivenidirientsio thehangng.membssahayingRevessehto capture

and recycle unused nutrients from the vessel to the condyit loop, and a copduit to recycle any unused
R R A

nutrients, Wherein the hahiger MembertAvels thrSugh tHe €6 By TRt nts onto

the hangingdrttensbent. attachment member 64 may include a clamp or other connection 66 connecting
the hanging member 62 to the frame 52. In an embodiment, the hanging member 62 is
connected to the upper support bar 56.
100431 As 1illustrated in Figures 4 and 5, the racks 72 disposed between vertical load carriers
54, are designed for the support of baskets 70 to hold small growing pots. The baskets 70 may
be configured to support the pots along their rim, their base, their pot sides or a combination
thereof. In further embodiments the baskets 70 include circumferential braces as well as
vertical supports. The baskets 70 are made of wire or other material and are configured to retain
a pot for a plant. The pots between about two inches in diameter and about six inches in
diameter, preferably between about two inches and about four inches in diameter, and most
preferably between about three inches and sbout four inches in diameter. As illustrated in
Figure 5 the baskets 70 are positioned at a tilted angle J, relative to the skeleton 74. The tilt
away from the vertically oriented skeleton 74 gives growing plants additional room for shoots,
buds, and branching. The angle @y is between about 45 degrees from vertical and about one
degree from vertical, preferably between about 10 degrees and about 30 degrees from wvertical.
In alternate embodiments, it can be envisioned angle @y can be moved or changed dependent
on the plant species being grown.
[0044] Referring now to Figure 6, there is shown is a grow room 80, similar to that disclosed in
U.S. Patent 5,511,340, for circulating grow sheets, such as plant growing apparatus 10, 40, 50

and 74. The grow room 80 includes a serpentine track 82 onto which is removably connected
7



2. The apparatus of claim 1 wherein the hanging member comprises a support sheet coupled to the at
least one face. 3. The apparatus of claim 2 wherein the support sheet comprises a plurality of layers
of translucent material. 4. The apparatus of claim 2 wherein the support sheet is edible by livestock 5.
The apparatwg SPHAHPY wherein the support sheet is made from a bioloﬁﬁ:gpﬁ%qwgpéﬁosen from
cellulose, starches, soy, peat derivatives and combinations thereof. 6. The apparatus of claim 2
wherein thetstipparinghsetrsoif prided af [dbastlonatayordispased db, d0lcdstwhédfadds whdrein the at

least one |ayar i, QY ADILAUEN IRYE he p ILHIE APRASUS Q. I81T 6 Ayhefein dhegrawing plant is
integrated directly into the face of the layer. 8. The apparatus of claim 7 wherein the growing plant
further cotfiprdBacatsdedhaoimy erappiait s GRATHitn 7 RiRer &P theostterIays rskosanfigtired for

placemenigmthe growns. 19 TheRRRaFaES 9 Glaitn & wherelniheatdeasiQnsuiamevable layer is
edible by livestock. 11. The apparatus of claim 1 wherein the hanging member comprises a support

skeleton, HEEBpHbrieRslstem Malingrduspbrd 16 StphPPS S appoRTRdMmBIINg 3 pparatus of
claim 1, fystiigfiinglugingionedrimorenpanidieideisigispasatosthephiatibual-slppeitmembers. 13

The appaz&adtclijiﬁoqaﬁgra,i%%awgge, r\?eigt:ﬂation and air conditioning system circulates air through the grow
room and maintains an ideal growing temperature range for the plants grown on plant growing
apparatus 10, 40, 50 and 74.

[0045] During circulation, it 1s necessary for the plant growing apparatus 10, 40, 50 and 74 to
be provided with water, fertilizers, nutrients and other chemicals at controlied intervals. In
embodiments a nutrient dispensing assembly 90, as shown in Figures 7 and 8§, is used to
provide liquid nutrients to the plant growing apparatus 10, 40, 50 and 74. Large ceiling
mounted sprinkler systems are effective for providing the grow sheets liquid nutrients through
the grow room however they allow much of the liquid sprayed to be lost down the drain, A
fogging or misting system, such as the System 1000 MicroMist System manufactured by
Baumac International of Mentone, California disclosed in U.S. Patent 5,511,340, may be used
to maintain a humidity of about 70% or more in the growing room.

[0046] It should be appreciated that the plant growing apparatus 10, 40, 50 and 74 may be hung
from any member such as a tree branch, home awning or other outdoor structure. The hanging
apparatus may be a fixed structure, such as a ceiling truss in a green house. The grow room 80
may be used for any plant growing apparatus for growing plants, including those previously-
described herein, that are moveably circulated through a grow room in order to expose them to
Hght,

[0047] As illustrated in Figures 7 and 8, the plant growing assembly includes the nutrient
dispensing assembly 90 where the plant growing apparatus 10, 40, 50 and 74 pass under a
dispensing conduit or loop 92 and over a holding reservoir 94. The loop 92 has a first end 96A
and a second end 96B disposed below the surface 95 of the fluid in the reservoir 94. The loop
92 1s disposed about the plant growing apparatus 10, 40, 50 and 74 and the hanging apparatus
30, 60. In alternative embodiments, the loop 92 may be disposed as a semi-loop, or only
partially disposed about the plant growing apparatus 10, 40, 50 and 74 circulation path. The
first end 96A may be coupled to 2 pump 98 and in fluid communication with the holding
reservoir 94. The pump 98 pumps water and nutrients through the dispensing loop 92 at a

pressure sufficient to create a spray from nozzles 100 disposed on loop 92. The second end of
8



the conduit to deliver nutrients communicates with a pump; the pump communicating with a supply of
nutrients; the conduit to deliver nutrients having a plurality of nozzles to spray the nutrients onto the
plants; the vessel collecting unused nutrients; and the vessel being in communication with the supply.

14. The app‘éﬁ%ﬁ%%‘flﬁgﬁn_la further comprising: a closed circuit for cir&ﬁa‘fﬁﬁgz%?éoﬁ%?ﬁ&ing member

through a greenhouse growing room; the nutrient delivery system having a conduit loop with sprayers
to spray lijeithoutiéhts arntaithecptonddigyral supportmeahndeps;staroulglowghich tivelotpsell clrcuit passes;

and the vesRELGARIYR0 SXGESS.IABSCIRRING PTG Al of suspar memhers g recycle

excess nutrients. 15. An apparatus for growing plants, the app prising: a hanging member
having a dispetamtdityipianar configuration, oriented vertically; the hanging member including a support

skeleton qaftedo DeN@iTioall SHRRCIER 18R groVLFRM.BRiURRRIBSkaleton nguding at least one
tensile support member; and ,
the reservoir 94 bemng functionally deeper than the second end 94B. The first end 94A has the

ioop ends 96A and 96B located more proximally thereto. The second end 94B of the reservoir
94 1is elongated and shallow, as a means of collecting the excess dripping liquid from the grow
sheets as they continue to move through the grow room 80 along the track 82 of the grow room
80. In further embodiments, the reservoir second end 94B extends along the path of the track
82 for an clongate distance. In certain embodiments, the distance is between about 12 feet and
about 100 feet. In these instances, the second end 94B remains sloped toward the first end 94A
such that water will flow downhill into the deeper end 94A of the reservoir 94.

[0049] While the preferred embodiments of the invention have been shown and described,
modifications thereof can be made by one skilled in the art without departing from the spirit
and teachings of the invention. The embodiments described and the examples provided herein
are exemplary only, and are not intended to be imiting. Many variations and modifications of
the invention disclosed herein are possible and are within the scope of the invention,
Accordingly, the scope of protection is not limited by the description set out above, but is only
limited by the claims which follow, that scope including all equivalents of the subject matter of

the claims.



the support skeleton having a plurality of horizontal racks disposed at different vertical heights and
disposed on opposite sides of the planar hanging member to support growing containers for growing
plants at different heights within the grow room. 16. The apparatus of claim 15 wherein the support
skeleton may be a rigid material or a flexible material. 17. The apparatus of claim 15 wherein the
horizontal racks have two ends coupled to the support skeleton. 18. An apparatus for growing plants
in a growing room, comprising: a hanging member adapted to be vertically suspended in the growing
room; the hanging member having an upper suppaiggember, configured to vertically support the
weight of the hanging member; at least two vertical load carriers having an end attached to the upper
support meser; a plurality of horizontal racks extending between the two vertical load carriers at
different vertical heights and on opposite sides of the hanging member; fasteners connecting the
horizontal fackeaatisddonehdarflenss. drdeapplataitpradfrisieses disposed on the horizontal racks and
adapted to contain growing plants. 19. The apparatus of claim 18, wherein the hangin?ﬁmember
comprises & STBRRI SRERIAIT 26 "HRAEAE 6f el 19, MR e UipmITpeingR o
disposed of i SHPRRHS KAKE Otinging member

a plurality of support members disposed on the hanging member at a pluraiity of vertical heights to
support growing plants on the at least one face; and

a nutrient delivery system, having a conduit lcop to deliver nutrients to the hanging member, having a
‘vessel to capture and recycle unused nutrients from the vesse! to the conduit loop, and a conduit to
recycle any unused nutrients, wherein the hanger mamber travels through the conduit loop o spray
liquid nutrients ento the hangihg member.

2. The apparatus of claim 1 wherein the hanging member comprises a support sheet coupled to the at
least one face.

3. The apparatus of claim 2 wherein the support sheet comprises a plurality of layers of transiucent
material.

4. The apparatus of claim 2 wherein the support sheet is edible by livestock.

5. The apparatus of claim 4 wherein the support sheet is made from a biological polymer chosen from
cellufose, starches, soy, peat derivatives and combinations thereof,

6. The apparatus of claim 2 wherein the support sheet comprises at ieast one layer disposed on at lsast
one face, wherein the at least one iayer is a removabie outer layer.

7. The_ apparatus of claim 6 wherein the growing plant is integrated directly intc the face of the layer.
8. The apparatus of claim 7 wherein the growing plant further comprises a seed.

9. The apparaius of claim 7, wherein the outer layer is configured for placement on the ground.

10. The apparatus of ¢laim 6 wherein the at jeast one removable layer is edible by livestock.

11. The apparatus of claim 1 wherein the hanging member comprises a support skeleton, the support
skeleton having supporis to support the support members.

12. The apparatus of claim 1, further including one or more plant hoiders disposed on the plurality of
support members.

13. The apparatus of claim 1 wherein:

the conduit to deliver nutrients communicates with a pump;

the pump communicating with a supply of nutrients;

the conduit to deliver nutrients having a plurality of nozzles to spray the nutrients onio the plants;
the vessel collecting unused nutrients; and .

the vessel being in communication with the supply.
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21. The apparatus of claim 20, wherein the support members comprise horizontal racks disposed on
the support skeleton at a plurality of vertical heights to support growing plants. 22. The apparatus of
claim 21, wherein the horizontal racks are configured to support plant containers. 23. The apparatus
of claim 21, wherein the horizontal racks are rigid. 24. The apparatus of claim 21, wherein the

horizontal racks are disposed on opposite sides of the support skeleton. 25. The apparatus of claim
24, wherein the horizontal racks are configured to support a plurality of bases. 26. The apparatus of

claim 25, WH‘%@S})%@'W@QW %p%%s gorrgp%gmfd_gured to support potted plants. 27. An apparatus for

growing plants, the apparatus comprising: a hanging member having a substantially planar
configuration cRE@NRsivertisalk AN 8- ALIRASERBE: tALR LR PUkalits AL SHRRASL-BagMbers disposed on
the hangingtmenrtber aképiusadigmofadnt cakbeightsde sitppotygrowingrplanisonthetdeashone face;
a closed cirél&‘i‘ﬁ*&f‘éﬁp imgrafiscifcenatimg ieh phareisiepdofitsaihghseemendbers through a green house;
and a nutrieﬁig@ﬁiﬁ& n%’g)g%%xﬁ%?ﬁdﬁ‘g%%gﬂﬂpf%ﬁr?@ defvi At iehfmecthe RRpYMP nisHiiser,

having a vessel to capture and recycle unused nutrients from the vessel to the conduit loop, and a
conduit tosregyeleaRR. HRYRKHHR BIERhe apparatus comprising:

a hanging member having a substantially planar configuration, oriented vertically;

the hanging member including a support skeleton adapted to be vertically supported in a grow room,
the suppert skeleton inciuding at least one tensile support member; and

the support skeleton having a piurality of horizontal racks disposed at different vertical heights and
disposed on opposite sides of the planar hanging member to support growing containers for growing
plants at different heights within the grow room.

16. The apparatus of claim 15 wherein the support skeleton may be 2 rigid material or 5 fiexibie material.

17. The apparatus of claim 15 wherein the horizontal racks have two ends coupled to the support
skeleton.

18. An apparatus for growing plants in a growing room, comprising:

a hanging member adapted to be vertically suspended in the growing room;

the hanging member having an upper support member, configured to vertically support the weight of
the hanging member;

at least two vertical joad carriers having an end attached to the upper support member;

a pluraiity of horizontal racks extending between the two vertica! load carriers at different verfical
neights and on opposite sides of the hanging member;

fasteners connecting the horizontal racks to the load carriers; and

a plurality of bases disposed on the horizontal racks and adapted to contain growing plants.

19. The apparatus of claim 18, wherein the hanging member comprises a support skeleton.
20. The apparatus of ciaim 19, wherein the support members are disposed on the support skeleton.

21. The apparatus of claim 20, wherein the support members comprise horizontal racks disposed on the
support skeleton at a plurality of vertical heights to support growing plants.

22. The apparatus of claim 21, wherein the horizontal racks are configured to support plant containers.
23. The apparatus of claim 21, wherein the horizontal racks are rigid.

24. The apparatus of claim 21, wherein the horizontal racks are disposed on opposite sides of the support
skeleton.

25. The apparatus of claim 24, wherein the horizontal racks are configured to support a plurality of bases.

26. The apparatus of claim 25, wherein the plurality of bases are configured to support potted plants.
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27. An apparatus for growing plants, the apparaius comprising:

a hanging member having a substantially planar configuration, oriented vertically, having at ieast one
face;

a plurality of support members disposed on the hanging member at a plurality of vertical heights to
support growing plants on the at ieast one face;

a closed circuit for supporting and circuiating a plurality of hanging members through a green house;
and

a nutrient delivery system, having a conduit loop to deliver nuirients to the hanging member, having a
vessel to capture and recycle unused nutrients from the vessel to the conduit loop, and a conduit to
recycle any unused nutrients.
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