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1 TITLE OF THE I NVENTI ON Pl ant cultivation system
Field of the Invention 5[0001] The present invention
relates to a plant culti- vation system Particularly,
the present invention is concerned with a pl ant

cul tivation system which enployd a filmcapable of
substantially integrating with plant roots. Mre

particularly, the present .i nyentlon.] -_10cer ned
with a plant cuItivat§§§E§§g¥b.%ﬁh&gﬁiﬁgﬁgﬁkable of

feeding water or a nutrient fluid. for cultivating a

plant in the absenceggﬁng ﬁy&Fgag%ﬁgntgﬁﬁgfﬂ}

acconmodating water or a nutrient fluid and
cultivating a plant therein. 15[0002] According to the

present 1 fNYeNtHaNThdfe%gN- tional hydroponic tank
(useﬁ—for—attonnvéat%ng—mater.or a nutrient fluid and
cul tiryabh Ny aryd aite dd1EY & N ehSi MOt SELESSAHY LO%1ant culti-

cultivating a plant and, therefore, the present

| nveght98ni 8y6RRADL! ep ot SAY1ng YRt ehéa ion i
t he hydroBon?c t ank. [O%OS] Fur?ﬁeﬁﬁém%gﬁgghﬁyggg%%ﬁfgn s

t ankebfcesfida (rhenh¥dpoBaRi euli@RkaReeS KR thé which employs
install ed horizontally wi thout inclination, which

requar esl@ tapgBlameinkubkteast a1 SYChnd eg@8iciny with plant
unnecessary in the present invention and, 25therefore,

the eostsof Mdwee espi-prEnlabegpmese | pesedt [HOBALibA is con-
the present invention, for maintaining a plant

sepacataddf whthgaopndnsochlvhivelibs eSedtenn whisei lis capable
cultivation or a drip fertigation, a water inperneable

mat epEafeafibng evaterwatrer nopeisnablfé uiet ddralclavdivading a
a 5wat er absorbing material placed thereon is di sposed

on théagtoindtbei hbswheeeofon aydowpondus tlhydr dohi ladccommo -
filmis disposed, to thereby formthe plant '

cul t fabingnwayerenroh nhérpeosefifluidvemd omledivieieng a plant
ground soil. By growing a plant on the nonporous

hydr BB@reie-fil mof the .

[0002] According to the present invention, a éonven—
tional hydroponic tank (used for accommodating water oxr
a nutrient fluid and cultivating a plant therein) is not
necessary for cultivating a plant and, therefore, the
present invention is capable of saving material costs
for the hydroponic tank.

[0003] Further, when a hydroponic tank is used, the
hydroponic tank needs to be installed horizontally with-
out inclination, which requires a large amount of cost.
Such a cost is unnecessary in the present invention and,

therefore, the cost of the equipment becomes low.
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10above-nentioned plant cultivation system it becones
possi bl e to prevent the occurrence of problens
acconpanyi ng the conventional soil cultivation and
drip fertigation, nanmely plant contam nation with
m croorgani snms (such as nemat odes), bacteria, viruses
and the like in 15soil, which are causatives of the
soi | sickness acconpa- nying sequential cropping;
pl antl088A1 ami Hathlsh RFeseResinvRNt bR ocheri BalBtaaning a
soil; plant growth inhibition caused by salts , ,
accuﬁﬂtﬁ&f:eéeﬁﬁrﬁﬁédsl#lrpﬁlcéré’ﬂm@oislqllal’f%ugfﬁ’o&ﬁd\}&e& in a soil
contam nati on caused by,Ieachin%_out of fer- ,
20t | FP2EA¥aL1PPOOT) ATHE 1pr d&EHE I ER 6h WL dapdfigrmeable
of solvingﬁhhe above-nenti oned ,probl ens _which are

e

causBat6y a4PREC O c R Th tREEHSH Nt Endraving a

O ol BAre? pheorbasenmaterinl Bt riiHaa Y aposea on
very, small anmount .of ter and fer- 3 tilizer Lt .. .
bocoiBE SESEPRI ot - M REEPERTY APPRIS Fha YR e Film
i. | . 0 iti it , ,
I iBIpdgBeRtl, co) Rl Ml B A it ion sys-
| fi ¢ oV i
D] anEeti AR riB! Bregd DA SOV I Al dd1 . By

| 000ZL B oG w38ne! JGaRl ARl A/ BRYSLAT O of che

t he presen ention, it also comes “possi e to de-

Cr eagg ol e mahih 3. dNich @R LONkAINESHh 14y & ante Wil &dnes

10i s nowadays consi déred problematic. Prior Art
possible to prevent the occurrence of problems accompa-
nying the conventional soil cultivation and drip ferti-
gation, namely plant contamination with microorganisms
{such as nematodes), bacteria, viruses and the like in
goil, which are causatives of the soil sickness accompa-
nying sequential cropping; plant contamination with re-
gidual agrochemicals in soil; plant growth inhibition
caused by salts accumulated at the surface of soil; and
groundwater contamination caused by leaching out of fer-
tilizers.
[0005] The present invention is capable of solving the
above-mentioned problems which are caused by the direct
contact between plant roots and ground soil. Further,

since the plant cultivation system of the present inven-

tion requires only a very small amount of water and fer-
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[ 0008] Conventionally, a wide variety of plants have
been cul tivated outdoors by field cultivation or

i ndoors 15by greenhouse cultivation, utilizing natura
conditions (such as sunlight, soil and rain). In both
of the field cultivation and the greenhouse
cultivation, the soil continues fromthe surface of

the ground_to the. deep part of,_the earfh. Ther for
it MeLAEE Sor Lt BEEGIS B0 EOF (hat Mrgistically décrease

' h db
oi | SHRY ERoPe T GFoRATat VAETH- the soi | i ckness
|
o olLREE) o FF ¥ Salt e Eééi’ﬁ‘l’gingge?% oF et RELED EEP o ant

soi | gﬁcggn%gs%ﬁghc %@o&%%.?ﬁé ii%ngQFd %$¥ghgn%ier watexr-

| ar g€ anount™ 0 tamna ought®

ot taf
Coi) SrEEPREes FohPRCTRe, B R, T At ST evatem
bronbgetggr E%@b%%th%Qe%ﬁicHPde the soil sterlllzatlon

difficult. Further, "a large-scale soil exchange is

sub- (ggbant i aby ythém@éélgfetﬁéoglsﬁeneme%aemgn system of
physi cal view™ points 0009 urt her

or gaRaphpsRRENLYS 1@%91@1%@? caJts AL b adhdegbdisashd o ge-
a large anount in the past have been contanmnati ng

gr ouegesekl thandieeakanmatierfcaddigida dtdnant which
crops with such agrochenm cal s has becone a serious

pr obli emokgayepkeseh dets A ghresiemaals. are difficul t

to deconpose and detoxify. Therefore, a |large-scale

soil exchange is al so necessary for solving this

problem [0010] In a conventional fertilization

nmet hedioa Ratge 15anmount of a fertilizer is applied to

the ground as an basal fertilization and, then, during

t he daboByat i Gmmeénaiphably, aafeifel vaeiety af piennt have
equal to 1- to 2-week dose is given at once as an

addi beenakufigivialtiedatiuddoodigc fova fdeviermildniatation or indoors
fertilization nethod is inpractical 20in view of the

r eal PYygrhanhense gudidMatdmsuntutgfliging natural conditions

(such as sunlight, soil and rain). In both of the field
cultivation and the greenhouse cultivation, the soil
continues from the surface of the ground to the deep
part of the earth. Therefore, in the case of propaga-
tion of harmful microorganisms (such as nematodes) and
bacteria in soil which are major causatives of the soil
sickness accompanying sequential cropping, it becomes
necessary to either sterilize the soil or perform the
so-called soil exchange in which the soil is changed

with a large amount of uncontaminated soil brought from
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fertilizer is absorbed by a young plant, and the

anount of absorption increases with the growh of the

pl ant. Therefore, the conventional fertilization

method is not only inefficient but also causes salt

accunul ation in 25the soil. 5 BEOO11l] Mbisture

contained in soil (especially, soil of a greenhouse)
mgrates upwardly fromthe |ower part to upper part of

t he aapthepypiageirrk gegbopsentrtive zeethoefpbaentserieélizing
transiently carried down with water by 5gravity, but

af t eFoihelfefuNhgRtdANef LhEr LeRELoORAINNehggdiSE Of methyl

m grates towards the surface of the soil and salts _are |
car r PEEME8RafaTt AENIGRAFACE BﬁstWéd§oﬁﬁebfcﬂﬂeSterlllzatlom
mgrating water. At the surface of the soil, on

wat efLFELFBAE - byF eVERRF at F oA T ERPEER ¢ FORCHE %Eﬂgnge is sub-
process 10l eads.to the accunul ati on of sglts at .the ,
Surf SEERBFALhY SBPPSSERIGeREPH CCPREMiSPTe ARchEtised view-
anDunt,og salts present in a cultivation environnent,

the BPYREF-the 1 evel of salt accumul ation, and the

cCeUThELT, P Sl BB L B BReLo g wnicn

pl an are very sim

t hosﬁaaf l?%gﬁg{l%)e/a()ii%} %%%%%aiamo Lnl S 53 %&}%{(&{a‘:&e!%\re been

scar ce. n wa rove sucn con rons Is to

eit hsgm\g?ﬁﬁ?\%?‘g?}ﬁgt B?oﬁ%&u @éli%t egnﬁalcto Eﬁdi@%tﬁcjrfarc&e agricul-

anmoun r“pérformal'arge-scale so

eXCthQSIL pek Sotﬂig,ﬂ: %Ef?le%%jfo%h!eﬁ{ig:%l%oﬁa% M2 serious

The ove-nmenti one icirent fertilization al so

causgs~ghi eMNAdvWet &5 n GORLABhHALL ogﬁr%ﬁamﬁﬁéﬁgl hzer 8idfe cult
used I n an appropri ate anount, e fertilizers,

es peebah&pmbbgegsﬁﬁf atettb:;diw.s, TRE@cE#BEANPASeHdrBE-scale

m croorgani sihs in the soil, wherein the fertilizers

are g¥hi 2aehzagel Ast BE sbole@WsRG16f dIY sdlving this problem.
or ganoni trogen conpound -* NH: NO2- NC3-. However, when

fertifbbzers are aseshvdnelogxTessraDunbtobnWiethble a large

activity of nitrifying bacteria in the soil is weak,

t he ahouatnefit pofegtotiicdati ds preddssl deethwiground as an
basal fertilization and, then, during the cultivation of
a plant, a fertilizer in an amount equal to 1- to 2-week
dose is given at once as an additional fertilization.
Such a conventional fertilization method is impractical
in view of the reality that only a small amount of a
fertilizer is absorbed by a young plant, and the amount
of absorption increases with the growth of the plant.
Therefore, the conventional fertilization method is not

only inefficient but also causes salt accumulation in

the soil.
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5 proceed so that NH4. and NO2- are excessively

accunul ated in the soil. NH4 ions are adsorbed to the
surface of negatively charged soil colloids, whereas

NGO ions are not adsorbed to the soil but, instead,

| each out of the soil and causebgroundwat er

contam nation. 10[0013]Irrigation al so poses the

followi ng problens. Irrigation of a plant is perforned
once[@%lgbveM&lﬁi¥ﬁ§ ESG g% rige SsHounteste kit Yy, soil of
and the soil tends to becone too_noist immediately

af t ¢ FFRETRPYHAL | BRITRLES bRRGAES L Yr T PUstRBefBMEYt RETTE to

.next _irrigation.

Thus, the 15 wat t lied to. .
the TPEET BRIGI 95 LGP SPbL comt oG kT {9 by efeRt1lizer
hi gh lit I t, h. I t . havi hi gh
conr BNl L P8R B3 R e o PRl WAL HAR S oy
hand, th i |tjvati th | l.ed, "dri
ror rohRTE Sof CRYEsf) G VAL 9B B 0RE SRk LR ci 8 P e
I t] i . t hi t hod | ti L ,
Comtiatt S etRrr S CRIHHE RanTUAFECh: Dbnths pRAY and salcs
I i i ,
o Nofl AOR ORI PH e ATTURL cO0LY SENERCNSBEI B the mi-
fhe drip Lo Lrigat : .
T T L e MDA S S ALOISE S AL P08 Folyy wacer
a f'Pédl$§€db§9e$§gb£atignltYk%géﬂftfﬁﬁfQE“%GSh. rocess
real -ti ne neasurenent of the contents of a fertili zer

and 1DL8t UFS tRet REcSRil at YORT SENsLNEsNHEr keBt s{h¥ade of the
contains appropriate anounts of not only nitrogen,

phosphpt | ¢ BeigbraihPOtESRS| RgdhItL1ed SOxdess amount of salts
m cronutrient conponents (such as cal ciun) required by

the pregdnt The Hasuttieat uohsentridbhfchert k@at haghake the

as follows. [0015]1) No basal fertilizer is used

(hovesesl ©f -sgabi gctanwelatlisnandndothecandivinuoBees salts
may be applied for 10mai ntaining and inproving
phystaedentisal gpoeprr inksbotiandof ar paagani stosdbt €ohs of
of the soil). 2) Irrigation and fertilization are

per fonciedsei/kryrdayerd) sMoptapr tat ehosei gdt desecatd soil where
fertilization are perforned based on the results of

neasta Bmeant §s ofrée hexbueme byt scantent Tne dBiheway to improve
noi sture content. 4) Use is made of a fertilizer

such conditions is to either wash away the accumulated

salts using a large amount of water or perform a large-
scale soil exchange, both of which require large costs.
foo12] The above-mentioned inefficient fertilization

also causes groundwater contamination. When fertilizers
are used in an appropriate amount, the fertilizers, es-
pecially nitrogen fertilizers, are decomposed by micro-

organisms in the soil, wherein the fertilizers are oxi-

dized in the following order:
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whi ch has a conposition matching the nutrient
absorption ratio of the plant and whi ch does not
contai n unnecessary conponents. 5) Use is nade of a
liquid fertilizer blender which is capable of
accurately nmeasuring and 20k} ending liquid fertilizer
conponents and easily chang- ing the blending ratio of
the liquid fertilizer conponents. 6) A flow neter is
provided for. recording the amount.of ,jrtrigagjon and
ferti??%%R?Qﬁﬁroﬂquﬁg%gfuﬁgd3 of “an i*éﬁggtpgﬁ'tube
(such as the so-called "drip 25tube”) which is capable

Hfewdt,f ey fiertigatieng the uBe@hih eatf i teksd GOUBINLAS
expl ai ned above, contrary to the soil cultjvation, the

omnilerf et gattiion tyedficed trh8yanguprstoFia hig fidie i99der
and water and, therefore, aneliorates the 5 growth

isrvesdt.s GwuSEOVEY MeREESNGEC QLPRE ST R TPHRE S ISt &Vt
the soil. Further, the drip fertigati.,on.is

plg%ﬁ;a‘ﬁﬁ acg%mtf &Hﬁr eadlﬂzl% t e gef}i) '\%eelry accumulated
. contam nation._caused by excessiVv riiLi [
ook SRRl BRI L L e o
reventd il sSi es i B
~SAEN DGR S et aBstanacpaaRaY, pone ore
n&é’fﬁ@%rﬁlfé ween dhefhamt,tr, 09hscand, t Deaspi but avd fie
C

agrochem cal contam nati on caused by residua

@ oghend L drvddivateid coheampatenbndocunment 1:
"Youeki Dokou Sai bai no Riron to 15 Jissai (Theory and
[Fsact i cerofidat iprFentscgaidses) ‘thepdgéioring; pedptens by
Hi roshi Aoki, Kenji Urezu and Shinichi Ono; published
1 byiGet bumdof Shipllkosha s pehfivem2doence] GD18aYe ARy days
di scussi on of docunents, devices, acts or knomﬂedge in
Lehng spberde cmowit iof iwadarded@ndo tEBRpFaiLh 567 HReT
context of the inventjion. It shoul%@not be gaken gs,. an
badare skem MPett amestiatrd i Stalt FeorfEdIpar P ot The
prior art base ar the cqmmn _general _kn ed LN
beePBsaANtrArivsh r%lh e(ﬂ?%%'lggﬁnglg é p?ﬁg%Ft§ﬁg
date of the clajns.therejn. 0QL7]5:FG vVipg t he
Wig%e? FET oM PTob en@@a clo%ﬁ.‘}[;ca%l?;i E&E?ﬁgﬁglgn\lsgnti onal

cgﬁick?g“&g&)’a{ﬁ?{tﬂeéﬂje dri midal tdgaticgn p1her e shas bees

evel'oped a cultivation systemcalled "nutrient fluid
ptihti MQ%_&Q@"hQ@h"Q%Qé@p@csh@&it, |5 tdier Mikthalitento flrdidtice .

cultivation, groun

[0014] on the other hand, there is known a cultivation
method called “drip fertigation” which exploits the
advantages of soil cultivation. In this method, only
fertilizer components required by the plant are given to
the plant in an appropriate amount only when necessary.
The drip fertigation is an irrigation and fertilization

technique which involves disposing a drip tube on soil

and feeding a nutrient fluid from a fluid feeding facil-
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30 and a plant are separated by a hydroponic tank

(bed) for storing a nutrient fluid therein and,

therefore, this systemis substantially free fromthe

probl enms acconpanyi ng the soil cultivation and the

drip fertigation, nanely the coWtani nation of the soi

wth the nutrient fluid and the infection of the plant

due to th]F ﬁonta Lnat ed soil. EOO 8% However ,

nut r H &Rt VRE ?dP% LFeTVaEPoR TS24 54y aﬁFééBSS@eHBtoénF%e con-

d bed d b
st 70 B AR 0D B R peres
th b talled, h
TPl SRR PO SR

I
Costend9L0050 B i LISE RLERLoAOLSL B S o

nut wpf@{oﬁugfﬂemtBoaﬁé;ﬁsatg; éﬁhgys 8 egﬁggpﬁ)' LKeuired by

easily resu I'n contam na _

Ther ChorB1ahtl S i WAl LN EL L LA I SféP@lgéasﬁ are
an expensive fa |ty or circulating, steri

and £kl te1ipgsthe nutrient fluid. Further, constant

i mersion of plant roots in the nutrient fluid results

in | aek19f vahemcsSt-853 rMCh CaAUSESs tied OWRSd\Ge P or-
the nutritive value and flavor of the cultivated

pla anl® @ah@fl&pgdéndZQbmnscéﬁa&embhérécaayp@el@gpaﬁed for
difficulty in producing a high quality plant, which

IS amd theh 1RI 0G| £ ihPLPB0inFUphREl ocBEmAcRNOBkeFerties of

comon to the agricultural productions by the nutrient

flui @n@uhitvadiganighl £ahtgne bar gReapwlly .of 2NUtFeghtion

fluid for cultivat- 25ing a plant within a short

periamdofett it zdhiosoake petflormedl tiveali day. 3) Appropri-

acconpani ed by | arge anounts of fertilization and

irrigbei bnyigadioheaddi pefeiligation, arkeperfammkel based on

menti oned a health hazard probl em caused by nitrate

ni t rogenraselinsl af edeasuaeheghscoficeher atitonent content and

plants, 5 especially |eaf vegetables, such as spinach

and ‘sha¢ ggolsbfre [ ooRu¢ntal oA) 1@, ispnadehofing faptilizer

l'i ke may contain high concentrations of nitrates in

pet i BrEsh Wie e ha apempas bF éopanaschhegebhe Augirieate apsorption

converted into a nitrite upon 10 reaction wth saliva,

whi cFERFP rPf et PLARAT| andonbéFRedORRt BOR ERNERABgERNECES -

nitrosam ne during the digestjon process. Therefore,

the REY aF@ROPRBRE - 0f5 N et bt ddade of a liquid feftilizer

blender which is capable of accurately measuring and
blending liquid fertilizer components and easily chang-
ing the blending ratio of the liquid fertilizer compo-
nents. 6) A flow meter is provided for recording the
amount of irrigation and fertilization. 7) Use is made
of an irrigation tube (such as the so-called “drip

tube”) which is capable of uniformly irrigating the
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becom ng one of the inportant criteria for quality of
veget ables, and there is a ?enand for vegetabl es
having a 15 low nitrate content. Disclosure of the
Invention Problens to be Solved by the Invention
~HOR22d; Fhe task of the present invention is to provide
a plant cultivation systemwhich is free fromthe
[ Hbove-A2 G srelt e chiprioshl ermn @ocanganyihsy e nut ri ent

fluid cultivation,.th oil_.cultivation d the dr.i
et fyEtin Sinahein o winee th sl Vi dhafied o
t HeComgr i Skeisd o ngid Séager Wheh, usetkdfodd) sSmbliorates the
specification is taken to specify the presence of
JEte P F et T €213 dyert List P B rfsbrient'dpuurface

04085 rboéiP.re@Jf@?ef,hetk%%ﬁft?efé)ftﬁjdﬁﬂdrPr&sOf one or
nore other features, integers, steps, components or

adjraoupsyaedes ebfr f0023]nd rttchisr gindiealicon, carlerpiresenn
inve&tors have made. 30 %qu}s{i ve d intensti ve dc,t.udi es

CRUIF Y B T oward S0l Vi hy 1 He Abov e mErt i onsd 9T P

f P o) £iBen Ass andesuddful tfohasranexpacd ety deen $aund
that the above-nenti oned probl ens can be solved by an

N§ HpxPEFTRAN G T | SRAYUH Syt SRRt th Wort i sesTa SRt &Y

£ A dTRES I DB & 18 1y NONROTOUS, Ny dr ophi 1 i ¢ fid @

ot &
wat er absorbing material 5 di sposed between the water
andrpereresdst @cinert era al camtan hrea hiorp oraws:e dhyey optd ddwa l

fil a. means, for_supplying water or a nutrient fluid
a?%oﬁeé“h%?% %sﬂ%iﬁ%%‘ateri al, and a neans for

Nd£esh ieh Mad ®fudn@ NUtFT@Nd kS | tibigo 054 hea UpperR Shdle
t he nonporous hydrophilic film wherein the 10 system
Jgowst nbthesey a2 df opont ¢ tahkDised ¢ A BORUI IR et Pages

21181 G GHLLG VY 1 O 0 NBRCE, <SRN ARPANSE Ik Pl s
pensive construction work for installing the

Oy driogoni shé¢drtky Seibuidf23ainkosionel mspert , 20 hk.
QeI o0, provigeg s A plant et velion o\
khQh1 e | VRLENGs asph @t dher&9Nis alfleluded to explain
the context of the invention. It should not be taken as
an admission that any of the material formed part of the
prior art base or the common general knowledge in the
relevant art in Australia on or before the priority date
of the claims therein.

[0C17) For solving the above-mentioned problems
accompanying the conventicnal soil cultivaticn and drip
fertigation, there has been developed a cultivatiocn
system called “nutrient fluid cultivation” or
“hydropeonics”. In the nutrient fluid cultivation, ground
and a plant are separated by a hydroponic tank (bed) for
storing a nutrient f£luid therein and, therefore, this

system is substantially free from the problems

accompanying the
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a feeding neans for supplying water or a nutrient

fluid to the | ower surface of said nonporous

hydrophilic 20 filmin the absence of a hydroponic

tank for accomodating water or a nutrient fluid and
cultivating a plant therein. [0023b] In another

aspect, there is provided a nethod for cultivating a
plant, which conprjises the steps of: 25(1) providing a

pl antSVut (T GH Qs taem ddordn iy fertheationt mspety the
of the invention, (2), placing a plant on the
nonpSTBUE O 19% Bhe MmO St gimtnetrienat fbaid and

syst an , 3) .cultivating the plant on the
ngnp%g%%ﬂ(’ﬁ I)tilrifa RIGRt Wie e ugpt yeortamtrated soil.

or a nutrj.ent_fluid by the feeding neans of said plant
cultiéﬁg%%%ls?gvgﬁ?rintbﬁen35§éﬁ8 dtuadngydspyatdon is dis-
tank _f ccommodat i n rient fluid, to

r ter or a nut ,
the POWSF -EFT4Ee TGt ?’H’\éﬁhd’%&h&}% Hy hrophi T2 & iryflroponic
-11a- 0024]..In odi_ment of the present
inveﬁfﬁ%hg%F%B ﬁﬁ%g%q SEREAH % WY R8T G¥e (e prarnsive,
cul tkyati Ssyst i,.s . di sposed _on .grqund soil  for
i i PR ERRS e BRRePRY Retth e amdape in-
irri [ [ rovi.ded so .as -t.o feed water or )
a nug?%ég?dgﬁﬁggZg%t?%gyth%%F%ﬁé]ﬁv%h%ﬂﬁﬁﬁQQTqu%ﬁh requires
throygh,a gagﬁ%uﬂgsg%bbggtnaterial di sposed on the
wat-er inpgrnea l'e material.” The systemof this

enboqdpaeeY i SpeARADL € %%é%%% %%saggésdﬁ£8&5§eim- _

prob!enslacconpanylnb ( . Sol
cul theakkaniangd hhercanvertiopal iR fiefld:qt i.gn.. e nutri-

nanmely the soil sickness acconpanying the sSequentia

Cr0p@hﬁgfmﬁiahwﬁﬁhcﬁééﬁgrQX,p@ﬁ?ﬁ@%%i%nga%%%ﬁfiﬁguéasily re-
sults in contamination of the plant. Therefore, this
cultivation system requires the-use of an expensive fa-
cility for circulating, sterilizing and filtering the
nutrient fluid. Further, constant immersion of plant
roots in the nutrient fluid results in lack of water
stress, which causes the lowering of the nutritive value
and flavor of the cultivated plant. In other words,
this system is accompanied by a difficulty in producing
a high quality plant, which is a fatal problem.
[0020] Further, as a problem common to the agricul-
tural productions by the nutrient fluid cultivation
utilizing a large amount of nutrient fluid for cultivat-

ing a plant within a short period of time, the soil
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12 nematodes in the soil. [0025] The plant cultivation
systemof the present in- vention is al so advant ageous
in that, since the roots of plants being cultivated by
the system of the present in- 5 vention are nmaintained
c&lﬁ:ﬂ%&%ﬂ@ra&t&gﬁaﬁﬁr@& he, arond SRidndy ddh&ertilization
above-nentioned ‘wat er inperneable material and the

anbriporiore: hydr apti |tite fditim fertibendnesn pddeits eano be

revent the cantam nation of the plants . with residua
g Ge e ol S Al FHE 1T R G 5t Skt 17 he
n 0B AUNE SQitul a{Q026] alhel g adin dad t amaildroni s ysiterosof
the present invention has still another advantage in
espralahe |leddage BTt aere s | FEs FhERIGED i3t 3Hed
und soil can be prevented by the above-nentioned
water inperneable mate- 15 rial, thereby preventing
[@0@l ackalmd atdah, ofpiseddls dnd tites sloile amy tdvedasiaciiigh
out of the fertilizers fromthe system, . [0027] Th
C%‘F%‘?ﬂtﬁﬁ%?%t‘?%r%%%?ﬁ of? t%eetjp%/]eesseﬁ"fhji%beﬁﬁ‘% S
patid lcranaider pdyantage 10 ddidderddy dirsos: 20i N upon
smal | anount of foreign soil on the nonporous hy-
rerophin il th | 99 bl ef fakeh viel ir H e dithg- Sl 15 aFfgufsted
1000 & TR | 280, A0S, WA BLa A O d N T LT G @ desi fon
betomes possible To economcally produce a hig
pXp@dsdy Thent fdye apply i mot natercettrests ¢ tdpetplaigs is
25[ 0028] The ﬁlant cultivation systemof the ﬁgesqﬂé
bSO MT B a“sh%tlrfr@%m%e?“a%%h? age’ i At hbtY t
vy ALy T 11 ¥ad | Ofe SYSLEM | Seh@RADESr OfcglecsIeBss Nt hey a
nitrate nitrogen content of the cultivated pl ant
ldpodh ebratte content.

Disclosure of the Invention

Problems to be Sclved by the Invention

[0022] The task of the present invention is to provide a
plant cultivation system which is free from the above-
mentioned problems accompanying the nutrient fluid
cultivation, the soil cultivation and the drip
fertigation.

Means to Solve the Problems

[0022a] “Comprises/comprising” when used in this
specification is taken to specify the presence of stated
features, integers, steps or components but doces not
preclude the presence or addition of one or more other
features, integers, steps, components or groups thereof.
[0023]) In this situation, the present inventors have made
extensive and intensive studies with a view toward

solving the above-mentioned problems. As a result, it
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100291As a result of the intensive and extensive
studies, the present inventors have found a novel
phenonenon that plant roots can be substantially
integrated with a nonporous hydrophilic film(for 10

hEXa e @ RO Y I | #Mng ASh & rasul dp e fpEddieIneq
studi es on such a phenonenon, the present inventors

piavieered staif dundsalatd tihe Pt antexotsi whicohl @iretion

substantially integrated with the nonporou
SHYdropHi 11T 19T e Capibl e of KBS0rDi 1o, YO the
ndfpdidug Heiidghzerc cohmenents it awi@bfrPmaterial

nutrient fluid which is in contact with the film
AR T h RHE' IV tH 781t TonPBrRmt il el a end the

' SSHPEC L, Ve t essar -

n%%ﬁcﬂsg'lﬂh%a%r esenftcE iﬁl\/%ﬁ?gapsﬁeh%\% al soﬁ%%%ln%l%%ga}ter
of ;@ rabsordingt 20id hee watervaner tdissdgring irgrerial, and

t h h the fil | ant having, it t
= (G ok & STTH T T 7 Gha o S ot o Moot
uptsd F Sz i @b hend apdnhat6$s engdt spradn #f fFCiNtyherein the

absorption of water, fertilizer conponents, air and
sY#eeT | k@S T rimh thee 25 RYAFeReR figsa bt 4R rigptd nutrient

030 i 1] h ' vig, f d
(PO P et s e

Wwat er "or a nutrti‘ent ul to the

e ddle moiype rowss teyde ojodn | werk | for | ind el absendes diydroponic
%Kgroponic tank (which is used for accommodati ng water
t a nutrient fluid and cultivating a plant therein)

[ G52 By ant ageoUss f Okt AChh&Vb Pgsdhe 1dsdist Din theoPI@send

i nven- 5tion. The present invention has been conpl eted
P bastedooht t ke moves LT nelPhigsL S119031] The pl ant

cul tjvati t . pr t=1nv I I

on the SHvE e T ana T hG: BRSNS iy PR Fhame
tisyysé¢@m ofnd he present invention has a l1lOcharacteristic

that a_plapt body to_be cultjvated is placed on a,
nonpor SURSHGATBRARS | % | PARRLPAIY oV Bte bubet ant it FSRT
1M QO ARG Wolkdr PLAPEAEQOLE, sHNET Rb LS NEUHORPAFOYRiLic
hydrophilic filmis disposed on a water inpermneable
£ ibin et atheli aleethge op £ t &ir budhopovat ek arbsoPbi ng
accommodating water or a nutrient fluid and cultivating a
plant therein.
[0023b] In another aspect, there is prcvided a methed for
cultivating a plant, which comprises the steps of:
(1} providing a plant cultivation system according
to the first aspect of the invention,
(2) placing a plant on the nonpeorous hydrophilic
film of said plant cultivation system, and
(3) cultivating the plant on the nonporous
hydrophilic film, while supplying water or a nutrient
fluid by the feeding means of said plant cultivation
system, in the absence of a hydroponic tank for
accommodating water or a nutrient fluid, to the lcwer

surface of the nonporcus hydreophilic film.
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15mat eri al di sposed on the water inperneable material.
[ 00321 The present inventiqqlaLso provi des a pl ant
cultivation system wherein Water or a nutrient fluid
is supplied by an irrigation neans to the water
[ G057 bt NG, MRt S & i Wi €1 £ Sl spased, betyean- (e waler
I nper neabl e 20materi al and t he ‘nonporous hydrophilic
witém inpQO3IL Fhenpresent ¢hvem i bhaal sou pr o dexn a
plant cul tivation st erejn plant. cul fiy
Lofh e B R o oL e Qe AN b e
sOONPOt SHSERyalrapdi o1 fidma 25 0034da Then presentis
i nvention also provides a plant 15 cultivatjon system
PHRETEFH 2C pRantC bbasA aficat nif chi Mgt F MY of LA cHR nige
nSRESELEE N £8A 51 | APEL M OUS b Qg Avas 6f 2 V@POLH & SHing
di'sposed on the nonporous hydrophilic film [0035]" The
npresent ¢hyventédnonl she prave desmpe phaatlSowtéwbal oriThe
syste erein, after the substantial Lnte- gration
SIS N ot (IR R ek gt TP oL
rébt M £ vahethanst &l @nNuictembafiying ti5c appiepit adedy
fed to the upper side of the nonporous hydrophilic,
SPH nFUulbi R eeR s20F Ehe FRWERRTbanal[©036] fahel prahen.
Vv 0 s n - [ :
B R B B S T
ctéepconvent clonas danpederyigathogpefioe lstorenga aand
15nutrient fluid and, hence, can dispense with an
expen- sive construction work for installing the
hydr oponi ¢ tank. Thus, the present invention provides
an econom cal plant cultivation system [0037]
According to the present invention, the nonpor- 200us
hydrophilic film (and the water inperneable mate-
rial) maintains the plant roots separated fromthe
ground soil to prevent the direct contact between the
roots and the soil. Even when the soil is contam nated
wi t h pat hogeni ¢ m croorgani sns and pat hogeni c
bacteria, 25the m croorgani sns and bacteria cannot
pass through the
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16 nonporous hydrophilic film (and the water

i nperneabl e material). Therefore, the nonporous

hydrophilic film (and the water inperneable naterial)
prevents the contact between the roots and the

m croorgani sms and bacte- 5ria, ¥ that the soi

si ckness acconpanyi ng the sequen- tial cropping

di sorders can be avoided. [0038] Further, even when

t he AP ARA 11N Lheortaind nat ed by resi dual

agrochem cals and the like, the system of the present

i nventi®Pli s Thpablanbf cpéivrhgonheyssam oft shenatiement in-
of a cultjivated plant by maintaining the plant roots
separfHd- 3 o HES FIVBY-AIROWoripbridiat hyelrmophi the roots of
film (and the water inperneable material). [0039] In

the prEdEr HeivshGUETvatas e SR aystperoddie present in-
mat erial_.is di sposed on the ground soil, the wa- 15ter

i mper BRI FEte MM AR L e SARATaRA 1w el ground

the |jke (fed,to the water absorbing material disposed
ot wEBH l 1Y i GO RROMAY Gaain dPRE TIRA g gFaterial

B o Ly e T RN O E N
AR S R Rl T AR M e e
co i aeaeats, Dothal IR S e

Lo pund g1 00 LT Sher vhen e LS are

ot evenie T he Tote iort bar ned P8 P el eEntde orpppme in-

prevents the root's In a rect con

t he 5@h€§oﬁnﬁastQ@&Q&oéﬁotﬁg§ Q@%ﬁ%ﬂ%@%fgﬁi?%k&hQ?%% Qakage

serious influence on the plant grow

pl anbrcabityat bepsSyabefhebrt RE LRl 3Nty AuENJ 1AM can be
the water stress applied to the plant being cultivated

can peevenye@abl/| ¥he0abbokLRENRY chBE RARRY QWD ermeable mate-

hydrophilic film thereby enabling the production of a

hi ghrtjad| | tyepéBPt preventing the accumulation of salts in
the soil and the leaching out of the fertilizers from
the system.
[0027] The plant cultivation system of the present in-
vention has still another advantage in that, by dispos-
ing a small amount of foreign soil on the nonporous hy-
drophilic film and effectively feeding small amounts of
a fertilizer and water to the foreign soil, it becomes
possible to economically produce a high quality plant by

applying water stress to the plant.

[0028] The plant cultivation system of the present



10

15

20

25

[0042] Further, in the present invention, the nitrogen
10 nitrate content of the cultivated plant can be
easily decreased to a |large extent by either of the
fol |l owi ng net hods: a met hod which conpri ses
feeding mainly water alopg to the |ower surface of the
nonporous hydrophilic film 15and feeding a snal
anmount of a nutrient fluid to the upper side of the
inMeARQHAUSa BY S OPhi dhstHd+ radrkidtager e s@ky eantrol [ing
the doses and timngs of the feeding, and, in a later

plshageudfivatipnasysien chargpnrpliche inglecreas ingutlef ed

fromthe upper side to water al gqne; an %ﬁg nmet hod
nikKpER 865%?9%%50@%EEPFWP%1qﬂﬁrqéiﬁlwqgﬁ 8%the | ower
boﬁgrgace of the nonporous hydrophilic film and feeding
water alone to the upper side of the nonporous
hydrophilic film [0043] In the system of
the present invention, from 25the viewpoint of ease in
[onastr ol ksng rheuleedf nghofimeensiig arst extemsaveri ent
fluid to either the |ower surface or upper side of the
stieAesr oGEShpELsBAt | 1RVEREers i RaVS FHred 89%g use the
so-called “drip.tube” for the .feed| FOR
PHERRRAPRE. BIPE TP RVERRT ENCA G0 4 R St he
1 8S8Rkd YAt hORMbbIoRE BYRFShHEd ¢ e 108 adflorDy
maki ng reference to the appended drawi ngs. In the
exex1anati pasyhekowileach né 4 heedwrtmsof panttheend " %

represents a ratio based on mass, unless 100t herw se
stepeest icad sucboasphehanenent t iRAtPEFEFY st ERSNILOTS  The

plant cultivation s tenﬁof t he gre ent in%gntion i's

hﬁKﬁaﬁHﬁﬂ'ﬁEGP@iggFFné § ptant ow° sﬁ%ﬁb otis
ORNINNG kMl 8RdCOIPh! 868 £ ous

° %ﬁbpﬁﬁ%#? i? gbﬁ1ang a neans for£§éiéﬁng water or a
nydtddent & lfdigh beet Baﬁbam@r o8 UsH 6L Dig | henmamo e

hydrophilic filmin the absence of a hydroponic tank
£iflon, acnamiddatd rgmwatenter andnuateenfrém (A drgpgient

cultivating a plant there- , ,
fluid which is in contact with the film, wherein the
fertilizer components and water are absorbed in
respéctive amounts necessary for plant growth. The
present inventors have alsoc found that, for absorbing
the water and the fertilizer components through the
film, a plant having its roots integrated with the
film grows a vast amount of root hairs, and the root
hairs enable an efficient absorption of water,
fertilizer components, air and the like from the
surroundings ¢f the roots.

{0030] In addition, the present inventors have found

that the feeding of water or a nutrient fluid to the
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in. 20[0046]Fig. 1 is a schematic cross-sectional view

of an exanple of a basic enbodi nent of the plant
cultivation systemof the present invention. As

apparent fromFig. 1, in this enbodi nent, nonporous
hydrophilic filma1 for placing d&%lant body thereon is

di sposed on water 25inperneable material 2. 19

[ 004 e j ty s . . Fi.g. is a schenmatic

cr os?—oé1 c??gﬁa: gV| éj\%%ngl:% L te tgjfe a%nﬂo Fers St hydro-
enmbodi e nt t |- aht, cultl ' . the

o oo arrant oyl o tedd e A BARBA 1 Fpaer or 2
embodi B Skentl PRI Q0 RANS Bitli®ifd-a P ) nj;i _
wat er absornbi ng mat g?llraal SQ%SU(#‘IJ' ggaa@onm%\&e% aIHac s ad

are gusRagReuan fhe Malieh P RHIPAR & LAl Bresent inven-

wher eupon "t he nonporous hydrophilic film1li1s

di spesed. TheeUsee9EnBUCAvERELBAl hQB BRARS cdnlieted based on
advant ageous for 10effectively feeding a nutrient

fl ui dhkaet heveanFahRUSigRy.drophilic film 1.
[ 0048] (Addi ti onal conponents) I n the enbodi nent

depi dbed1in Filge Rlant &estied:iphasisebht b¥atheNpresent in-

support 4 (such as soil) and/or evapo- 15ration

suppreasion Het @eisald oo @hg abde -hedmtdrRid i Pedlings .  spe-

mul ching material) which is either inpervious or

sem epéivadly,t cheaktgsteapaf M hradiaposatrait ivn has a

above the nonporous hydrophilic film1. The use of

suchcbkeapetatiisnisupheds si @i amet dodgt th dmbhels wadiesd is

vapor evapo- 20rating fromthe nonporous hydrophilic

fil nplaradoonhe armpophkerse hydriephddrdensiddn aragdigle of sub-

surface of the evaporation suppression material 5 or

i nsi @6ankéaplantingggriakdnigowidippdemts radtes ebsherein the

allowing the plant to utilize the water condensed from

t he ﬁﬁp@prqggohydp@ppﬁéﬁp dildm is disposed on a water imper-
meable material directly or through a water absorbing
material disposed on the water impermeable material.
[0032] The present invention also provides a plant
cultivation system, wherein water or a nutrient fluid is
supplied by an irrigation means to the water absorbing
material which is disposed between the water impermeable
material and the nonporous hydrophilic f£ilm.
[0033] The present invention also provides a plant
cultivation system, wherein a plant cultivation support
and a plant body are disposed on or above the nonporous

hydrophilic film.

[0034] The present invention also provides a plant
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25position of the water absorbing material 8 (such as

a 20 nonwoven fabric) bel ow the nonporous hydrophilic
film1 enables a uniformfeeding of the nutrient fluid

to the nonporous hydrophilic film1. [0049] Further, if
desired, irrigation means 6 (e. 4> 5 a drip tube) for
intermttently feeding water or a nutrient fluid may

be di 0 e par ydraphi_ lic fil .

1 TRERETEs B by RERNE MERIIPE, Bt He g 7 mlTening
means: 6.1 s..a ous f.ar .suppl: [ r
fert?ﬁ??é?rcgﬁgghgﬁgsH%ﬁg%lﬁ e%@l?gpg%dggFﬁﬁ%gaugaﬁf water
of 0 et kLl e [ t : :

ol anePREouEr CRETResBoFaLe Ry AraBRErTe fRaReriges) Filn-
In additizon. - . . vi . e g

a val oo for T A T e e it e Rt
f1ui dudkigadhbit 8¢s28ROChARKEaL SAlFULORNIBY R tantial inte-
15provi ded above the cultivation region containing the
nonpgiradschy dFophkl beaht! FobtsThe tusenef nh@d¥icls hydro-
sprayi ng neans 7 is advantageous in that it enables

t he phidirat EoImof waBekrnb@ENbEt aNhusRHaYIENF19fid Wa &fppropri -
for cooling, especially during sumrer seasons; a
nutraesely2@ébucd the appkirngitbe ogntheomnBpora® Hfdrophilic
feeding fer- tilizer conponents in the formof a

foli @&ilmpray; and water or a nutrient fluid containing

an agrochem cal for crop-dusting. The construction of

the systemdepicted in Fig. 2 is substantially the

sane as that shown in Fig. 251 except for the

addi Eféaatsf eft bthesIaxph&iiped above. 21

[ 0051] (Anot her enbodi ment  2)
[0036] The plant cultivation system having the above-

mentioned construction does not need a hydroponic tank
used in the conventional drip fertigation for storing a
nutrient fluid and, hence, can dispense with an expen-
sive construction work for installing the hydroponic
tank. Thus, the present invention provides an economi-
cal plant cultivation system.

[0037] According to the present invention, the nonpor-
ous hydrophilic film (and the water impermeable mate-
rial) maintains the plant roots separated from the
ground soil to prevent the direct contact between the
roots and the soil. Even when the soil is contaminated
with pathogenic microorganisms and pathogenic bacteria,

the microorganisms and bacteria cannot pass through the
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Fig. 3 is a schematic cross-sectional view of an
exanpl e of another enbodi nent of the plant cultivation
system of the present invention. As apparent from Fig.
53, in this enbodi nent, water inperneable material 2
is placed on, for exanple, grouhfl soil so as to forma
ridge having a predeterm ned height on the ground

'| h idoe. (f b
:n%t SPPRposy ﬁ}s{i"é%léﬁ%ﬁ pbF gﬂs¥ﬁ§§esﬁﬁf FReefy EhPpieable
nyar BeheTratl; Prffe B e Qlolir AR Bentlig £iln

dom gﬁ@ng%é hn‘g?gz?ggﬁmgér{ggsbiedast{aeng hg;ésltfggl@:%%e con-

i mper meab preven

cul t o ' ' d

The FiFi ToFFEBRPERe reoEh SHATRLE, niBLoprBadiSle ah vacte-
t t I t 1.9

! EEATR OB e BRI LA socon

retatDéﬂgcf@ﬁﬁlﬂﬁdﬁlQ&rée?ha§ﬁhcﬁen§§gﬁﬁéh wood or
the like, is disposed on the film1 such that a gap

for foo%&NY Walr@hdrS f@éﬁ%ﬁi%@éf&ﬂ@%l)% contaml—
20hydrophi lic film1 and the retaining wall 9. By t

use QAt&dChyaréet@hdl Ngg¥etheme¥gnsnhan the §.)L$ﬂéemt@1fe system
the present invention is used outdoors without a rain
shel dertisushegsnt palyhtnsal Js eXpebseWafet-cGaribey the con-
renmoved fromthe upper side of the nonporous
hydrophihacidnl of 1la26dutingtetieplahn, byheaehyadéndblg fghe
cul tivation under con- 22 ditions which are simlar
to thbzet i nsode sepacatetlyfrsuchhassaidr egnhbesaonpat-ous hy-
construction of the systemdepicted in Fig. 3 is
subsdeophiliy fhemssapdashehwatehonmpemrmERfle? mexeayital) .
for the features expl ai ned above. 5[ 0052] (Ml chi ng

mat ef@@9]  In the fregerdsdmnventanti orhen hghe water imper-
SO- call ed "mul ching" can be preferably used. The

"nul eerlpnde metesial nheediabessdchnashe tirbhndwsiodd i $he wa-
applied around the root, stemand the |like of a plant
for %?%v%@@%ﬁm%?%i%c@@%ﬁra@élE§€V§Oﬁ§thec@P§rlent fluid and
dryness,_etc. The use of such a nulching is , .
advariagkbke fErdehPaRBPnyathE abrecbivg Ba&cstakaddsposed
[0053]. In the system of the present i nvention, water
or PFHIFFRNTLE | APEPHTGRaL BEIFAPBILAE AdAPoRBEs the water im-

hydrophilic film1 either fromthe erside of the
y g %Qable materfaip from mlgratggg into the ground soil.

Therefore, the system of the present invention not only
prevents the salt accumulation and the groundwater con-
tamination, but also lowers the cultivation costs by
enabling an efficient use of precious water and reducing
the amount of fertilizers used.

[0040] Further, even when salts are accumulated at the

surface of the ground, the presence of the water imper-
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15pernmeabl e material 2 or fromthe water absorbing
mate- rial 8 disposed on the water inperneable
material 2 and, then, the water or the nutrient fluid
i s absorbed by the plant roots which are integrated
with the film1. However, a parit7of the water or the
nutrient fluid is 20Iike|y to be | ost by evaporation
in theagfrn1o v t he surface

% va ort rggl )
nonpo?ous hya 855? B PVERTE. “BGr T9RpFr £&5M e&ggw&@ha di

b h d
o WaeSt b PRt PhotBRrE I EREn ur?ﬂﬁgg%f% P he Pl Accum-
1 (05,108 §81£sp£8¥' Qsdsgg%sgnlaé uentc '{%gtethfsplant growth.

cul tivation suppo € COVEre

! 1h
guat glrml)g?lgaenarjb%he -ge}?t \C/éaq%lggrl 1 o O‘%%':nse <-fgh%resent
sur f aceeRQf i bhe HHECQéEanEE§EE§|a?g?ﬁeﬁn Bh%hglgﬂgpﬁ being

cul tivation support so tha nt “can ut

wat egqy PESR e r a -
[0054?(Irrgggﬁlgﬁﬁnggkgggymgggalyr?ggffg%lﬁgan §he gorper

6 (eo@s, hfdrBphibes) ol g, C@H@PESyoénhﬂﬁﬁhg‘EE%”bE%ductlon of
feeding water or a nutrient fliuid in snmall doseS to a

pl ang ﬁygﬁlqaalpays%pgﬁtt 10(such as a culture soi

and ground soil) us enabling the utilization of the

buf f eo 0] actFentiefr t ey 30id drhedadd | Mafdii M, &he nitrogen
pl ant. The so- cal | ed "drip tube" which is an exanple

of thetratrégadbhbenteapstieabletiftatba plresentan be easily

i nvention was devel oped in Israel where water is
15préecoessedntocanléegasedtént bgedinpeenbf whei Fullowing
amounts of water and fertilizers required for plant
grownditlpgdslri p irrigation. [0055] (M st spraying neans)
Duri ng greenhouse cultivation, shading and ventila- 20

ti on may den¢hpizod fvicient casprosasefeedsngesadgiynsgtiter alone
hi gh tenperature during summer seasons, whereas the

use & & al pwevneirfaner ofimyhienveeperotiiehydepghilic £ilm
costs for cultivating a plant. For solving these

pr obiRFrsfeeil5ng sprafahy ABanBt70fmg butpiewntdéduiid to the

apply the so-called m st
upper side of the nonporous hydrophilic film while pre-

cisely controlling the doses and timings of the feeding,
and, in a later stage of cultivation, changing the nu-
trient fluid fed from the upper side to water alone; and
a method which comprises feeding a nutrient fluid
to the lower surface of the nonporous hydrophilic film,
and feeding water alone to the upper side of the nonpor-
ous hydrophilic £ilm.
[0043] In the system of the present invention, from

the viewpoint of ease in controlling the feeding of wa-
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25shower to the plant. The m st shower is a spray of
at- 24 om zed water conposed of very small particles,
which is useful for cooling of the air by renoving
heat of evaporation fromthe air. The m st spraying
means can be used as not only alEool er, but also a
device for foliar 5feeding and/or crop-dusting. The

SpraXEQQOQfFWBh%ElgﬂE fﬁ%ﬁﬁ!%% LA @% fﬁﬁy(nﬁ%rface or

agrochem cals by the m st sp I'ng nmea

| abogyy @¥'die[gQSQLQPh@pgo%Bh%:t?ﬁf% H@i ]hp the . g pre-

present invention, the plant cu sys er rmay

have fyai-bQUs oSLERCEHECS o - %Qﬁﬁ%ﬁemﬁilgn@d%@uffdfseﬂgukeeding.
as the system has the above-nenti oned construction.

Her ei nbel ow, expl anations are nmade on the preferred

enbodi nents of the plant cultivation system which are
advaptsgeRusEf eORACRARAVIING bbe ehar agiemsione ef -

15f ects of the present Inveniion, such as om ssion of

cost gobes]an I@@ﬁﬁé@)ﬁm&hé%r@é&ﬁ@nkn@é‘ﬂtﬁéﬂpﬁiiﬁ be ex-
thereof, and construction work for leveling the tank;
prevpmaunedoﬁnthetamulbylm&ne&g gegefeady M$ the appended
sequenti al cropping, agrochem cal contam nation,
groudﬂamtagsconznZﬂm@nemplammtﬂﬁﬁsSBéloacceauhabfoahétterms
the surface of the ground; production of a high

qual 'pgrpl'aand 8kd repeebegtef at ratdiot batsednic agess, unless
content of the plant. [0057] (Preferred plant

cul tpvherwhssyspenifiedxpl anation i s made by making
reference to the 25schemati c cross-sectional view
showh0PA5F| g. (Blant awisivation system)

The plant cultivation system of the present inven-
tion is used for cultivating a plant on a nonporous hy-
drophilic film, and comprises a nonporous hydrophilic
film and a means for feeding water or a nutrient fluid
to the lower surface of the nonporous hydrophilic film
in the absence of a hydroponic tank for accommodating
water or a nutrient fluid and cultivating a plant there-
in.

[0046] Fig. 1 is a schematic cross-sectional view of
an example of a basic embodiment of the plant cultiva-
tion system of the present invention. As apparent from
Fig. 1, in this embodiment, nonporous hydrophilic film 1
for placing a plant body thereon is disposed on water

impermeable material 2.
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25 enbodi nent, water or a nutrient fluid is fed from
the irrigation neans 3 (e.g., a drip tube) to the
upper side of the water inperneable material 2 or to
the water absorbing material 8 dj sposed on the water

i nper neabl e ma- Sterial 2, whereatter the water or the
nutrient fluid m- grates into the nonporous

hydr opfid-1c fi(bgh;l_rdEgﬁBSa‘iﬂﬁBE ?Lit)ther the water
I wa

i mper neabl’e materi a or the er absorbing materi al

8. Plant rmQfs gry Vo ARSI A . .
nutrient fl S:a!td z\gj\hl%évhabhsas m gt%ac?g:dttclréﬁsf \(I)%t(ﬁ{el%# P%iw of an

[ 005&ddmAesidehnddid Sl Rans & (Len@'pléngrélgltivation
tube) for intermttently feeding water or 7a nutrient

Flui Gyped e digROSHL LhOTiRRAUE 416 BRRYIAMSNE from Fig.
hydrophilic film 1. The use of irrigation nmeans 6

enablzs ilbtdie § eetidinding, contipld &sh apoud oF (Maker 5 grip

r

or anutri- ent fluid to the plant cultivation support
4 (sunibeds ainl atand dissadhiany agaausi 4 0rs SUPRERMBAt A NSonwoven
water or a fertilizer conponent when there is a

def i diagndy: )ofarsntErsprrsdd@rdn |tz rwoop oierd ribédiele i Baterial 2
by the plant through 20the film 1. [0059] Further,
evapoitsrheup csu firee SRiruo rate hyalr pHil iz , £ Bl mul ché Ngisposed.
material) which is either inpervious or sem -pervious

t o wdther wsspwf maactbd mhispdsiedh imedrre Plintadvantageous for
cultivation system The use of such evaporation
25sugdfestiiye iyatferddiing e mablEentatidluad@por the nonporous
evaporating 26 fromthe nonporous hydrophilic film1l

i nt ohﬁflﬁéfoﬁ’gﬁdéﬁhéiﬂdm d -be condensed either on the

surface of the evaporation suppression material 5 or

i nsi dO0A9d pl Eddibienaht FempenppbEl 4 (e.g., soil),

thereby allowing the 5plant to utilize the water

condensed Ifr ket BELRLEENfa dgpdcted in Fig. 2, if desired,

plant cultivation support 4 (such as soil) and/or evapo-

F

ration suppression material 5 (e.g., the below-mentioned
mulching material) which is either impervious or semi-
pervious to water vapor may be disposed on or above the
nonporous hydrophilic film 1. The use of such evapora-
tion suppression material 5 enables water vapor evapo-
rating from the nonporous hydrophilic film 1 into the
atmosphere to be condensed on the surface of the evapo-
ration suppression material 5 or inside the plant culti-
vation support 4, thereby allowing the plant to utilize
the water condensed from the water vapor. Further, dis-

position of the water absorbing material 8 (such as a
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[0060]In addition, if desired, m st spraying neans 7

(e.g., a valve) may be provided above the nonporous
hydrophilic film1l for intermttently sprayi ng water,

a 10nutrient fluid or a diluted ggrochenical solution.

By the use of such m st spraying neans 7, it becones
possible to automate an intermttent spraying of:

vat emdrovoenol idlg:i @S ARCT aik | tyh &l i d e SONEEly §BESRNSi c@Fi1m 1
nutrient fluid for cooling the environnent and for

f eedienpfleys albtrilficred RHPORESS ik the: F O£ 0f18id to the
foliar spray; and water or a nutrient fluid containing

an agroogtvertssa lhyfdroptriopre usiiongl . [ 0061] (Preferred

plant cultivation system2) In the present invention,

for rl@ddcing Fhetheount f260ebiacgpecirkigatibayverable s (e.g.,
conponent (such as nitrate ni- trogen) contained in a

pl anta, dnip $ukesi daln yirgreafreitrtscht oy f e Dnd ywaeé €l ot 0a nu-
the upper side of the nonporous hydrophilic film1 (so

as t ¢rgearedtluite mege baulditsmyseaf awitor eabove the nonporous
conponents). However, for pronoting the "inte-

25gr &FewPrhdfl ith€ildagotls wiitle dhiepbisimibonifcslich intermit-
defined 27 below, it is preferred to feed a nutrient

f1 ui b A& Yoo Mefaae Gfis melvantadeo9062f senl ement -
an excess anount of water is fed to the upper side of

t he FPEMYRLEET GFe R iddisietqampasientie Wiemttpre i ba"a defi-
of the roots and the film 1, the plant ab- sorbs water

f r onCERECHpPEr YatEE 6 thfe FhliRehicImnenantss eraken in by the

vt 0P LRPb LR G AEB e oS GAFRAE B CWETARIR178 B Feoul (

the 1gbediat! B Qhalffoh20t? BET-ER° LiLD L209Ying means 7
(e.g., a valve) for intermittently spraying water, a nu-
trient fluid or a diluted agrochemical solution may be
provided above the cultivation region containing the
nonporous hydrophilic film 1. The use of the mist
spraying means 7 is advantageous in that it enables the
automation of an intermittent spraying of: water for
cooling, especially during summer seasons; a nutrient
fluid for cooling the environment and for feeding fer-
tilizer components in the form of a foliar spray; and
water or a nutrient fluid containing an agrochemical for
crop-dusting. The construction of the system depicted

in Fig. 2 is substantially the same as that shown in Fig.

1 except for the additional features explained above.
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10t o becone difficult. Therefore, until the roots have
been integrated with the film1l, it is preferred to
refrain fromfeedi ng an excess anmount of water to the
upper side of the film [0063] On the other hand,

after the integration of the 15¢bots with the £ilm
the water/nutrient fluid may be fed to the upper side

e LRI
cultivati t em of resent i nvent

Sy on_havj n thg
above- nen |%hed %%ﬁ%t?f&em Bf?o%ro%%eﬁe?% ?ﬁ% ﬁgégﬁcg an
R C A
fl ui
coﬁ;€¥§ %%B%ﬁa%gﬁ ﬁ%rs eve 558 éﬁ?aﬁ%g%ﬂgﬁﬁecone%rom Fig.
Possib'fntQhPéegﬁﬂédiﬁgnéo'taééfkgﬁ%ér%é253§"E§E¥kﬁgl 2 is

sequenhtial croppi ng caused by pat eni c acter

and peaBLedss, 'Po£h§x§ﬁ$iean rBhﬁ8t589@t§B1Q§tt8nfB¥m a

residual agrochem cal n thée soil [ 0065] Further,
eV_enr ﬁé\{riﬁg% f@@@ﬁgmiﬁadaheiﬁﬁtsaﬁf 86e gﬁ:ohha 80il.
soi l, e salts will not influence the 5growth of the

pIan@nbgggysg +1@y80i Fofnes Bt tHBt whbed impBEheable mate-
contact with the roots. In addition, in the system of

the prgrent i8HvEN4tE8, n@hpYRGuSOh dtépﬁ@yeeeﬂlmmtm t kBerein
wat er i nperneable material 2 which prevents water and

a nupetephefiligofedohe bhetHpprEnpbdeusfi hiAecbhimic film 1

10from |l eaking out into the soil. Therefore, it

becoaes pordedl @otmwpréveat atheochahgniinahi afioafy shel sides

and groundwater with the fertilizers. Further, since

wat eof stippl yidget herpédnbychhebwateasi iypeonkableedahygrial 2.

t he nonporous hydrophilic film it becones possible to

i nprdee preventing the plant cultivation support 4 (for ex-
ample, soil) disposed on the film 1 from falling off the
ridge formed by the water impermeable material 2, re-
taining wall 9 for holding the plant cultivation support,
namely a retaining wall made of a plastics material,
wood or the like, is disposed on the film 1 such that a
gap for flowing water is formed between the nonporous
hydrophilic film 1 and the retaining wall 9. By the use
0of such a retaining wall, even when the system of the
present invention is used outdoors without a rain shel-
ter (such as a polytunnel), excess water can be removed

from the upper side of the nonporous hydrophilic film 1

during the rain, thereby enabling cultivation under con-
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15the quality of the plant by enriching the nutritive
value (e.g., sugar content) thereof. [0066] In the
conventional soil cultivation and drip fertigation,
fertilizer conponents fed to ground soil spread out
through the ground. Therefore, #¥en when a 20nutrient
fluid fed to the plant is changed to water at a | ater

.0f th |ti ' ' it is difficul -
decrahetodna LT 175 o TubRkEnty abhanSof neraSen FoaARieY:
d h er _ "5 =
the Braht b  HRRErS: { BN S B S Chat htt fy Svstem

Vi oLl 20 s, g £14 0l £ o change. {He, pULELeBtLl Yider.

in tank t er during trvatron o

plan§h0w$09§7ii§p ﬁh%x?%éérf8§nghetfga9hégg ﬁé 1?%ged above.

cultivation systemo present 1 nvention

fol | pwh 59y adviaph@ssy Aalkea9nel | anount of foreign
soil ‘'needs to be used on 5the nonpor ous hydrophilic

filml, onhyrie SerOLRNeRf 1 BN TR0t sbLUET188 WaheEhing”
needs to be fed to the upper side of the film the

nut régntpd | prdresnnbe ghangedrid® Wabeenhddgh Ngebl8 a material,
cultivation of a plant; and the amount of nitrate

nitrogen 4€nRi AiNG, i vhide phagpptasdbervany tHeasbby¥, stem
decreased. [0068] (Feature of each part of the system

Her edmdvetiow, 1 ol @pad i phaht fedepesvilienfeptutest®bn against

parts of the plant cultivation systemof the present

I nveimkaon. cOVdh degpess, totsuciTHeaiss oSt (®lich a mulching is

functions), 15if necessary, reference can be nmade to

t he ddedniigeode- fscreéphanaingg the efifentior” uardof water.

" Exanpl es” of WD 2004/ 064499 which is a patent

appl [e@%3bn dh the presem dihndmt Eresdri06idntinrl) water
or a nutrient fluid migrates into the nonporous hydro-
philic film 1 either from the upperside of the water im-
permeable material 2 or from the water absorbing mate-
rial 8 disposed on the water impermeable material 2 and,
then, the water or the nutrient f£fluid is absorbed by the
plant roots which are integrated with the film 1. How-
ever, a part of the water or the nutrient fluid is
likely to be lost by evaporation in the form of water
vapor from the surface of the nonporous hydrophilic film
1. For suppressing as much as possible the water loss
caused by the evaporation of water into the atmosphere,

the surface of the film 1 (or the soil provided thereon

as a plant cultivation support} may be covered with the
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20The film 1 used in the plant cultivation system of
the present invention is characterized in that "it is
capabl e of substantially integrating with the plant
roots". In the present invention, whether or not a
filmis capable of "substantlal?§ integrating with the
pl ant 25roots" can be determ ned by, for exanple t he

Phe TGRS EeREd) £ PR CALAER i A SO B ding ma-
thatt%ﬁfai %n%ﬁgﬂfgéew% rsy %B@n 6a£ y Oﬂ&ggrg?lng the sur-
W th e plant 'roo as a Speci alrance

wall e, PEr G- - FEbIi L1 dﬁnae@rgspga@z;f LRYch¥@bEhnt cultiva-

per nea |I|ty I on pernea Ity ance

expl g BedsBehoyt L& tﬁa@rgﬁﬁggg #Paé neqsthe Ehgnhater

has such specific water |ty I on perneabi |

bal apsEde e @XEEbhePhe b@&@@?%éﬁwﬁen wat er
permeability and nutrient perneabil- 10ity which is

nost [ @PPL PP | @ls- il ilde videMyh of a culti- vated
pl ant (especially the growh of the roots) can be

easily aCE@ﬁﬂ@aﬁhﬁﬂ,m@@ﬂsSyCQnénse{ée?|en&rb§|@ﬁ§@s) are ca-
enabl es the substantial integration of the roots with

the pabre d5[ ORFOIhDrbset Dy tBedsist A et bheaphasentnt
i nvention, a plant absorbs a fertilizer in the form of

i onsfihtouph éhellidiosds andatpetaasounl tofatebhi bupebrt
conmponents fed to the plant are likely to be

I nf | (enciedabyatbelsalté ¢odh)apdrgeabhbi spial ,t beuki Eaabling
It is preferred to use 20a filmhaving an ion

per nelabi Wiiyisatlobs dB/ therbhéfsringt ernsoof ofinthe soil in
el ectrical conductivity (EC) difference in a

wat el vakigol of i anpsgst emTHhesECall T€@r Bacep i sube” which
determ ned by contacting water with a saline solution

t hr obghar hexanphe (ahereenirhégabien mpgnshessbllendn the pre-
solu- 25tion are placed _in respective conpartnents

whi cPenf elnganpheni vasndgveyoprhd in| Apragdd vhezsurphgr is
the EC of each of the water and the saline solution 4
daysp%$@%@u¥heaé@aF@nobetH%e@oﬁPﬁcﬁeeéﬁﬂgcépém B nAgun

the difference in EC between the water and the saline
sol AToRRE St j¥ater and fertilizers required for plant

growth by drip irrigation.
[0055] (Mist spraying meang)

During greenhouse cultivation, shading and ventila-
tion may be insufficient as countermeasures against high
temperature during summer seasons, whereas the use of an
air conditioner may increase the energy costs for culti-
vating a plant. For solving these problems, mist spray-
ing means 7 may be provided to apply the so-called mist

shower to the plant. The mist shower is a spray of at-
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5 of such a filmenables an appropriate feeding of

water or a fertilizer solution to the roots, thereby

easily pronoting the integration of the roots with the

film [0071] Film1 having a water inperneability of

10 cmor nore, in terns of watef4pressure resistance,

is pref- 10erably used in the present i nvention. This

is b S h film tes

ot coTe g, haPet BBt o, VErd IR BirtHetesynehich is
use g e%Hihf?FfEbgiFﬁgag%a%h%gﬁggsb o&eﬁ%@l heat of evapo-
provi ding sufficren xygen supply € ro

for prLeyent fRgm t? cqat.am i y g

bacteri a. [OO% agtggkﬁreggérgf?gssé ? ﬁgéﬁs The be

wat e essu r tan e r '
accoPg?ﬁg§§oﬁ§F88§% 9% %%g?%gg hk”bﬁgpg%bpgggigeg%r toliar

t hat féealﬂ?t ghapbesevbp-teskshancerpé tPealihly &f water con-
20used in the present Tnvention is 10 cmof nbre, nore

ad- Eéﬂh@ﬁgoﬁékilzgzé%boén@?bgaa@%@cﬁbmﬂcaﬁ%r%y'the mist

- advant ageously 30 cmor nore. The film 1 having the

abovgpieRt hgnpdaaRama Qrehs&tlltC&nrruabo&e SRQAREY.oUs and
hydrophilic. 25[0073] (Water/ion perneability)

In thheopeesentplidgiendubiivatids Pysfanyed that the
above-nentioned film1l exhibits an electrica
conduct i vihyth&Cprdibther engenaficd., StHS/ plant esdtdvation
det erm ned between water and a saline solution,
wher syatehem&g Hiafre Shetdenee sitsudetees, nednporenet beodl parts
conprising contacting the water with the saline
sol uaeohofQ. 8s%hy wgsfkm) hbkr cbgh ablw ef-mlemt iamedd construc-
nmeasuri ng the EC of each of the water and the saline
sol ution. atHepwinldwat éopl aeapéeas uace4nddgsonf tbe pre-
the start of the contact, and cal- 10 culating the
di f f 6pEREd Embpdimenisentt kBewallentasslitiyaddldmeysten which
solution. Mdre preferably, the EC difference is 3.5

dS/ n?8f RE¥3NtaAgonEsLopr arbighlipg? thedShargcteggstic ef-
The el ectrical conductivity difference is preferably

det eFBFhEdOEntERePFEEEBH AGVRREAOR f@[célom omissicn of
<Experi nental equi pnments and the |ike>

ot heFRPE8 SPECRT BfPeBRPEF ﬁ@ﬁttawaédrempr‘?@mks and Supports
appafatuses and _nmaterials used in_t om#nentloned
expeFHRBREL - (FRE CaP RGeSy O eS0Tt 158 ank
at the be 'nnlng N% the s ctlog npl es” descrlbed

bel OW%?&)%] ENEPROGORdr SHERBEFFnG CHRBAIANY Sequential
conduct|V|t .

roppin agrochemlcal contamination, groundwater con-

tamination and salt accumulation at the surface of the

ground; production of a high quality plant; and lowering

of the nitrate nitrogen content of the plant.

[0057] (Preferred plant cultivation system 1)
Explanation is made by making reference to the

schematic cross-sectional view shown in Fig. 2. In this
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Since a fertilizer is usually absorbed in the form of
ions, it is preferred to determ ne the anount of salts
(or ions) dissolved in a solution. The ion
concentration is determined in terns of an electrica
con- 25ductivity (EC). ECis al3& called "specific
conductiv- 33 ity" and represents an electrica

d t t I d h
SOOI Habe BB, LRSI, S e o
SRS LSRRI P Sty AT T S

ron 1s
ort Ot sbr 4atEF| RErement eH?ﬂ%%. o PORE (Whice e ab-

1/1Qg8r8§ §’%§le%§a§s%dd1 %Fﬁ %f%?%%ﬁgﬁﬁ%%gﬁﬁ%§ﬁﬁéable ma -

(Unl USG I N accordance

of UEEE:EFELS 29S{M. Whgsehn tgler %%ﬁ:%?:e%‘rs & Qﬁﬁﬁra]e)nt 'ﬂuld mi -

an actua msasuremsnt a anount of a sanpl e

exangggteg sakut il )nb @r@%%d’gWEq?ﬁfify“¥¥¥H 1‘Hl§bosed on

measdri ng portion (sens r porti an el ectrical

conddg iyt ¥ hEeLAE of-Ok nfRAMYYIG m%eejl%qt 4 G the water ab-
conductivity defined above, to thereby neasure the

15e|§6&bhﬁ§|mﬁQ@QQ&H'%'tYPQBnEh@oéﬁgp?@ow by absorbing the
[0076] <Sal f/water perneability test of film 1>

Ten 4@krgbanehel nateown®r Gialily waMal aklse niaptsrs@linto the
(for exanple, "Hakata no Sio (Salt from Hakata)"
descehibedibhel ow) is dissolved in 2,000 mM of water to
20prepare a 0.5 96 saline solution (EC. about 9 dS/m.

The meassgienent despesdpriedigstignaméaneveé (e.g., a drip
basket-bowl set". The sieve basket-bow set conprises

a si cubebhashet ianeramiident Iwhdreaditchevassieav e askaitrsent
accommodated in the bowl. Film1 to be tested (size:

200 ttduv260mam ke2dl sposEs et my alvvys dded rompdmreous hydro-
si eve basket of the sieve bas- 34 ket-bow set, and

150 ghdflimatfédm 4 .poTheduset oft herfighhion means évenables
basket. On the other hand, 150 g of the saline
soIuth@nfsﬁdpage@fa@o@@nﬁ¥qﬂ¥ﬂﬂxﬁm9ﬁﬁﬁu9ixWﬁtQ# @hed nutri-

si eve basket-bow set. The sieve basket containing
ent fluid to the plant cultivation support 4 (such as

soll) and is advantageous for supplementing water or a
fertilizer component when there is a deficiency of water
or fertilizer component taken in by the plant through
the film 1.

[0059] Further, evaporation suppression material 5
(e.g., a mulching material}) which is either impervious
or semi-pervious to water vapor may be disposed in the
plant cultivation system. The use of such evaporation

suppression material 5 enables water vapor evaporating
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5the filmand water is accommopdated in the bow
contain- ing the saline solution, and the whole of the
resultant systemis wapped with a resin filmfor

wr appi ng food (a pol yvinylidene chloride film trade
nane: Saran Wap, manufactured &&d sold by Asahi Kase
Corporation) to 10prevent the evaporation of water

L onsBh R i A S AT 0 g
iy i L e

f I t t

e tﬁlro'gag iR -

Lt g ek BRGNS A SREd) abllfe%bf allowing the

gl ucoseé permeabi he qu Se "per y “can
apprg%h%t el Jeuahuat %%eb%at%gc %&é‘ﬂé& WG GO r va-
sol ution perneability test In resent

|nv2?5%on it is preferred that the above menti oned
filmexhibits a Brix concentration (% difference of 4

or |a9%sa3 detsi dqed R§t ween c‘l@éffe@ndmﬁs@é‘ﬁ?é?mg means 7
solution at the cultivation tenperature, wherein the

Brix ( eogcentar QR ) ( W ydidel @reReRids AR -tr@m&&%ltafus hy-
a nethod conprising contacting water with the

gl ucagepnahutl @n1thrnowgh tlbﬁefﬁrdlrﬂdeﬂtqrﬁlgpﬁatﬁry@tﬁter a
and the glucose solution are placed in respective
conpaintieehs WGl are asepanaieet dpr-ddieertiddl) ,solution. By
nmeasuring the Brix concentration (96) of each of the

wat ethendsehefglsuchSadse seiriiiony e daysit kcomes possi-
hours) after the start of the contact, and cal cul ating

the Bilkf epenaeomatBr ax doteantitatdron sPHatheigween: theter for

wat er and the glucose solution. The Brix concentration

(sk) copfifiegeneepes imiily ghefieraldumnErorsdassss sta dutrient
nore preferably 2 or |ess, 10especially preferably 1.5

or |édsid [Fog7gpodWagerthgl wrosiewuiant empetmmatrdding fer-
test of film1> A5 %glucose solution is
prepiiédzagi sgraporemis dinalthe dnam & & giekiose spray; and

(dextrose). A "sieve basket-
water or a nutrient fluid containing an agrochemical for

crop-dusting.
[0061] (Preferred plant cultivation system 2)

In the present invention, for reducing the amount
of a specific unfavorable component (such as nitrate ni-
trogen) contained in a plant, it is basically preferred
to feed only water to the upper side of the nonporous
hydrophilic film 1 (so as to prevent the accumulation of
nutrient components). However, for promoting the “inte-

gration” of the roots with the film 1 which is defined
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15bow set" which is the sanme as that used in the

above- nentioned salt/water perneability test is used.
Film1l to be tested (size: 200 to 260 mm x 200 to 260

mm) is placed in the sieve basket of the sieve

basket -bowl set, and 150 g of wdfer is poured onto the
film On the 200t her hand, 150 g of the gl ucose

solution prepared abqve i laced .in th bow

o1 evBeLauket Ebil PERLETR EPeggeéaéké‘P £3RPh: Ayt ke the
filmand water_is %cggnng E in the bow containing

t he Pﬂﬁgsguggﬁﬁ?l th® %hol e of the resul tant

WZL?%EL}C ad u?g Wlth a Gabrg&kggahc%f agaté'@”fs ?&lia@o the
the’ ShBrEnFAdkee ?éﬁﬁ?{‘ ﬁﬁsys FEROLE' AR Boptikeio 9P the

L1 3Bt bR bAAPEEALUEC 0B LhE SHIAi90y SLEA $1ant ab-

(Brix con entra i on e water an

cosesggkg ggF??r%rgﬁaﬁﬂéeﬁggé%rﬁléé B%U%?.U%hﬁ% %H%Hﬂ<is

et er ntegration roots wth

i s p@égQEgegouQggbrbhetﬁ@ﬂ@b&;?@%uﬁﬁﬁbn&he necessity of ab-
10vermculite) mentioned in Exanple 2 bel ow.

SpeckhbipahbYwatep! 2RbmIERM hotest shs-rRRef et #1130 as a
days using two sunny | ettuce seedlings (each having at

| eastedulBi, ntheafhrebhareby ot @hai R Phatrs/thd Millm tends
hybrid system The plants are renoved fromthe

obt atBeBepbmat i Firh Bult15hyhei dEsyst ethby lcuhki pgotBehave
stens and the | eaves near the roots of the plants.
Test bepacineagracedcut thuthkr @mlivha ,f illtmilkayrmdfated to re-
roots adhered thereto so that the width of each test
spectErehni §rbmcfregdidgt ha kangkl ascalbouto2atmdr wid the up-
the stem of the plant being posi- 20tioned around the
cent perofidachft ebe $péwmi.nen. [0080] A commercially
available clip is attached to a hook hanging fromthe
spriig068]1t heos prheneptilype hrhdnceftandtbaeivhdgoatite of the
test specimen obtained above is gripped by the clip,
fo||gqgusby1técgh§|ﬁglmhetWQ|@ﬁ$e@ Anutrient fluid may be fed

to the upper side of the film when appropriate.
[0064] (Advantages of the present invention)

By the use of the plant cultivation system of the
present invention having the above-mentioned construc-
tion, even in the absence of an expensive hydroponic
tank and supports therecof which are necessary for the
conventional nutrient fluid cultivation and which re-
quires a cumbersome construction work for leveling the
tank, iﬁ becomes possible to prevent the soil sickness

accompanying sequential cropping caused by pathogenic
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25grans) (corresponding to the tare weight of the test
37 specinen) indicated by the spring type bal ance.
Subsequently, the stemof the plant at the center of
the test specinen is held by hang and gently pulled
downward to detach (or break away) the roots fromthe
film while 5recording the weight (B

dj I I hndi .
g “TBACREs ashRachafal Qabbe: B bty ) OB e

subt E%heﬁ%zf reny khis ge&e@hé&*ﬂealgsth%angi&tnus A

grans) hereby obtain a peeling strengt or a

Wi dt fo@Esh iy AHOH08Hyd ey @ﬁﬁfé‘taf@vﬁéﬁﬁrﬁﬁaﬁéd at the
i s advantageous to use film1l which exhibits a peeling

streggihaeé 48 enersspLe ﬂh&hsé§§§e§ﬁlionbhe1h§@h§n%% the
the plant. The peeling strength of the filmis

pref grabty 36 gherpmehe, béﬂﬁuﬁér@h@rgbgﬂa@béslggtgggk in di-
nore. 15[0082] (Materials of film1) In the

presestti cypbhtbnwithetBel sob@sparih cab@itibf] t &hi @Re system
Wth respect to the naterials usable as the film1 and

any obnveatppaaentaiaveatsonangbeutdedodd Hengoasrede with
filmis capable of "substantially integrat- 20 ing

wi t hthdewavet simp@&hmefblen mayebdad oatarical pweivehtiss water
generally referred to as a "nenbrane". Specific
exanphésaohunnientafFsunfl felnt® thel ugeelydidghilfi ¢the film
materials, such as a polyvinyl alcohol (PVA), a

cel | bphankeakingl butosetacehat epid.ceThateterajt iat becomes
an ethyl cel- 25lul ose and a polyester. 38 [0083]
TherRof8ihbe phet Pravant| thet aonbamihebipespécsctid ahel
thickness of the film1l, and it is generally about 300

pm oPrPerdwabesfwi bl Yhabsartslpaers - 2oEupﬁ¥eﬁnréince water
preferably about 20 pmto 100 pm 5[0084] (Pl ant

cul tFYRR1HntQuppdrpant canpkeqeasgilyegoanspd ledn byhghe non-

present invention, any of_conventional soils or
uItH?ﬁoﬂ%dhﬁdﬁ%ﬂh%élﬁséﬂlﬁs LtRePpranesc ROERIRLFokC 1mprove

su As_ su cuI ure nedia, there can be
neﬁ??%%e@ua%bFYe?g L P agBi yfsprlchlng the nutritive

value (e.g., sugar content) thereof.

[0066] In the conventiocnal soil cultivation and drip
fertigation, fertilizer components fed to ground soil
spread out through the ground. Therefore, even when a
nutrient f£luid fed to the plant is changed to water at a
later stage of the cultivation period, it is difficult
to decrease the fertilizer concentration of the soil and
decrease the amount of nitrate nitrogen remaining in the
plant body. Further, from a practical point of view, it

is difficult to change the nutrient f£luid in the tank to
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10use in soil cultivation and a culture nediumfor use
i n hydroponic cultivation. [0085] Exanples of
inorganic materials usable as the plant cultivation
support include: natural naterigls, such as sand,
gravel and pum ce sand; and pro dssed ma- 15terial s
(e.g., a high tenperature calcination product), such

as awaeek tih?‘ghgh‘&ﬁremc%iltii%t B8N biet 6, 9853 cs and a

car boni zed rice anpl es of organic materials

usabl@oay)t heypl @l SthdF LA N SMPROTInt n&lli‘gf\lr%té%on system

natural materials, such as peat npbss, coconut

barkoﬁedhé”prgggﬁk|inﬂ%ﬁ%i%ﬁ!h@%)tﬁ@deQQBwQE@S%dwantages:
(Sotan); and synthetic materials, such as particul ate

phenehlkeal BmaTheapbane- BBNtreReEnMBLENT #2de@R PBe used on
used individually or in any conbination. Further,

wovesher noapwesas hgbi-behimade fafimsynt BehkC of isRANS G3dbunt of
al so be used. To the cultivation 25support expl ai ned
aboventaienal flafdust ehtarnubedento 32 fe@ &o the upper
fertilizer and m cronutrient conponents) nay be added.

Wt hsidspeft the Sidh;athet nuenteaddédutid théy be changed to
cul tivation support, according to the finding of the
preswaterndantingsthet cudtpretépnedft a gpddna ;nehnd etle amount
to 5the plant cultivation support on the film1l in
suchoannahvahe astregenr edmanhihgt ha tbet plahtacphabe very
grows to a degree such that the plant is capable of
absoedphgywdeercased - nutrient fluid through the film

in other words, until the roots integrate with the

fi | m046pbosejHeariemt faaghi)part of \Whed sespett to

the nutrient fluid (or the fertilizer solution) used

in the prid@eetnbaler:i enplanaEéonsipompdet poukhe features of
limtatjon. For exanple, use can be nade of an

nut rPahtS fPhi BRe WAL eRt havethEehinBedYPhemhefcshe present in-
15ventiopal soil cultivation and nutrient fluid .

cul t YYRE1PF on W1y deeAPet i ror gt cLedkpbRenfer functions),
contapned in water a nutrient fluid whic

genet |?%C%%%%£Yasr§§§EﬁPFﬁ|Cesnﬁsn@ﬁ § F@rggggﬁpetailed de-
gromggkiégfgg ggntﬁg fE@éﬁ%ESHu”Qﬁd “Examples” of WO
2004/064499 which is a patent application of the present
inventors.
[0069] (Film 1)

The film 1 used in the plant cultivation system of
the present invention is characterized in that “it is
capable of substantially integrating with the plant
rocts”. In the present invention, whether or not a film
is capable of “substantially integrating with the plant

roots” can be determined by, for example, the below-
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20trogen (N), phosphorous (P), potassium (K), calcium
(Ca), magnesium (M), and sulfur (S) which are major
conmponents; and iron (Fe), nanganese (W), boron (B)
copper (Cu), zinc (Zn) and nolyg%enun1(hb) whi ch are
m cronutrient conponents. In addition, there can be
nmentioned 25silicon (Si), chlorine (Cl), alum num

(A) mesiedbHEB( Na)nt Q- 2080k hee kit ke %Byﬁé%&%f%eﬁo the find-

subsi di ary conponents. |f desired,
physkahggbeathy Betb¥grSURTLARESS My ke %@%%%ﬁ%d UMbt the

as the substances do not substantially inhibit the
ef f egh 10f chpappeesent cLBkeRhicaR119 Frurkhehr ithhe WMRte he
or nutrient fluid nmay be supplenmented with sugars,

suchpaangl veese~(Haxt LOSPLciFA¢ BANAACRCIHREwP08Rlter perme-
(Water inperneable material) There is no

part abillatyl et abhopewnbRbiasSpECl whe eth@ewaictbility/ion

i nperneable material as long as it is inpernme- 10able

t o watemeabXaiplebalhnwa) ewhiimherigeaklpe atpileer ballow. It is

i nclude a synthetic resin, wood, netal and ceram cs,

whi chreaymbd thathewhenmcbhk d&ifinl Mpsa ssledetsperiffliat avater

or a box. [0089] (Water absorbing material) 15The water
absopbimgabil étiydli chapetrheabiddtiyobadbnsepplay regosdilemt bal-
or a nutrient fluid to the film21 and, basically,

t heranfe hetpaeni waker pbemmecabiddtw ehdr espedento gdrmeabil -
wat er absorbing material as long as it is capable of
absotb¥nyhagl LetwPaEngrwarprieher dom. ther gx0erdnpifea culti-
use can be nmade of a sponge or nonwoven fabric made of

a syHeheti plaBs; rﬁsesaewéaégw abei grovitbed, téig pocdsd can be
powder of plant origin; and other materials generally
used®@814YpRaRCMBLLENGE: i 8HIs SPEEr BN s¥CR ldenfedalrge en-

and s. 25[0090] Hereinbel ow, the present invention
mﬁllggieﬁxth 4fubstantlal integration of the roots with the

film.

[0070] In use of the system of the present invention,

a plant absorbs a fertilizer in the form of ions through
the film 1, and the amount of fertilizer components fed
to the plant are likely to be influenced by the salt
(ion) permeability of the film. It is preferred to use
a film having an ion permeability of 4.5 dS/m or less in
terms of an electrical conductivity (EC) difference in a
water/saline solution system. The EC difference is de-
termined by contacting water with a saline solution
through the film (wherein the water and the saline solu-

tion are placed in respective compartments which are
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plained in nore detail by making reference to the
foll ow ng Exanpl es. EXAMPLES 5[0091] Exanple 1 1)
Test et hod A plant cultivation system was
prepared in a sinplified greenhguse as follows. A

pol yet hyl ene filn1(nanufactured3&nd sold by Ckura

I ndustrial Co., Ltd.) 10 having a thickness of 50 pm

a w %?FQEiénggagﬁeﬂaéeﬁggﬁ)Oféﬁgghéﬁéu§gh BnQUEOR s cacn

t he I nsi reénhouse a capi Fl ary sheét
SR- 130 t d d .d_b L l,n ha\i
& owi deh 5F 0 o S S enath of S ruas di Soeeafsat the

the pelLyet Byl eng EbhPhcA, t 9hal c8hch@al3R8ZEheS difference in
extending froman automated irrigation dévice were

pl aced gBRti;BenSHhbaggral Lhe ¢aRi st@&)&es'é%@hti%e.; e'it['ﬁe use
e

5 nozzles were positioned at each opposite side o

capi bFagMcahgetiWnt Bn2B1eM bAt 8ppebprilhenfedding of water
nonpor ous hydrophilic film (Hynec film having a thick-
20nesg af £62tpMi zBRNHbAGEYHA tan@heokeoy , MebieelbhNeakily
was di sposed on the capillary sheet having the nozzles

di sppeeflothageene OAtkheanappob@ushhy doopki ki€ hf ith® film.
was di sposed, as a culture soil, Super Mx A

(mangbactiir edridind s daor i1y Saked tteSetb&mgad Dl Bty of 10 cm
thi ckness of 2 cm and 25a total of 10 nozzles

ext endi mgrér oimahetrier outvanetegpred2umrer rgatlistandeyi de pref-
were al so placed on the culture soil. The culture soi

was evublgdusetihin thechiregehicl inwenchons SThieri®Muibebause
30 m (manuf actured and sold by TOKANKOSAN CO LTD.) On

t he hbechbagofi buchas fadwm piremxtes thgpdditegration of the
through-cuts in a line with 15 cmintervals for

pl antrPagspwanhsthhefélm: oughrthed. t Heet npough-eueh a film is
were covered with a culture soil, thereby obtaining a

cul t RAEENBAISPYEefPT[ 8892 YARTRVASAPar Slififdcient oxygen sup-
experinment, a hydroponic tank 10(i nner width: 45 cm .

| engPhY BonthgngCRERt ARA1S0FoPISVERF 1119 6§ Worraggnation by
of a nutrient fluid was installed on the ground and a

nonpBf bBSIRYEFoBRFFPELRi I m (Hymec film having a

t hi ckness. of 65 pm manufactured, and sold by Mebio
Inc.§09%§]disgﬁﬁégftﬂﬁﬁ%ﬁﬁfe(§??%ﬁF?Eﬁ% rous

The water pressure resistance of a f£ilm can be
measured according to JIS L1092 (method B). It is pre-
ferred that the water pressure resistance of the film 1
used in the presgsent invention is 10 cocm or more, more ad-
vantageously 20 cm or more, and still more advanta-
geously 30 cm or more. The film 1 having the above-
mentioned characteristics must be nonporous and hydro-
philic.

f0073] {(Water/ion permeability)
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drophilic filmwas disposed, as a culture soil
r Mx A (manufactured and sold by Sakata Seed Co.)

thi ckness of 2 cm and a total of 10 nozzles of
utomated irrigation device were placed on the

ure soil. The culture soil was covered with a

hing filmwhich 20is Silver Miulch 30 m

ufactured and sold by TOKANKO- SAN CO, LTD.). On

mul chfAgthel pregsniradavenk ixnshdped st prefghrregt $hat the
line with 15 cmintervals for planting plants
ebRVeugRNtipHechd 1Ry dugkhddid snwaie sd@mdrddadi aprgiuctiv-
yre soil, thereby obtaining a culti- 25vation _

ety (E§) Paddsrensedsiofrt -Susfy™ et d&ss Red dpamined
g%actured and sold by Sakata Seed Co.) were .

PEEVEST Hakede PG PaPadiiie SCHatd&BYs YHiedR imttdie EC dif-

R T s (R LN S
ALt B, L L MR PRSP oo

00 SoF  SISPL L Y 200 0%, s e e
B SO TN SR S S e
GPAES SoRAlnagsed, BT LAY LY LAD S ena a1
PRI o Liriabien 1969 SOl RERA hna che
B RSB A0 U0t e SaPREL g AeCHRCULMRLnce 1

5 .8i d8/8f okhe RANPAHAU IR 1Y IINoVaEs /m or less.
ornmed using the automated irrigation 20 devi ce.

EABUBY eot rii bhi1g@bneckANtithe i fildidhded)s t-d8anly de-
r side of the filmwas approximately 20 m per

teRfinEdl invaheokRabwatgramnhagront h fromthe
ting of the seedlings.
[0074] <Experimental equipments and the likes>

Unless otherwise specified, experimental equipments,
apparatuses and materials used in the below-mentioned
experiments (including Examples) are those described at
the beginning of the section “Examples” described below.
[0075] <Method for measuring electric conductivity>

Since a fertilizer is usually absorbed in the form

of ions, it is preferred to determine the amount of
salts {or ions) dissolved in a solution. The ion con-

centration is determined in terms of an electrical con-

ductivity (EC). EC is also called “specific conductiv-
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[0095] Nutrient fluid: The EC of the nutrient fluid

25was 1.2 dS/m The nutrient fluid was a m xture of

0.6 44 g/L of Osuka House NO 1 and 0.9 g/L of

O suka House No. 2, with which 0.03g/L of O suka House

No. 5 had been bl ended. [0096] 2B3Test results 5As

apparent from Table 1 below, the total weight of six

sunny lettuces after 1-nonth cultivation was 143.6 g
whenlhYafBf HBREEBEAGSTaneflartuasapr sendagtivdsy biggween
nonporous_hydrophilic film On the other hand, the

t ot aF¥ReP§RECEPIERe SBRRY NPFENGCcAsCHASS163Ct ignpd awea of 1
10 conparatjve experinent which used a hydroponic

t ankSM[ 0097} Firabre IParabentabfandtFrantesphi § cm from each
provi ded beIom1the_fiIn1éL) Ampunt of irrigation to
uppePt8Fle ofP% HELFT I RFER) TP LEMGRT ght!) ( gF1ef theafesvalue
and stem (6. plant bodi es) Use of water ab%grbing
mat ePi-af %BFEEE;HP ifivEAPrERFed in terms of S/cm. However,

since the EC of a fertilizer solution is small, unit
*mS/cm” (which is 1/1000 of S/cm) is used in the present
specification (unit used in accordance with the Interna-
tional System of Units is dS/m, wherein d represents
“deci-"”). In an actual measurement, a small amount of a
sample (for example, a solution) is placed, using a
dropper, on a measuring portion (sensor portion) of an
electrical conductivity meter for measuring the electri-
cal conductivity defined above, to thereby measure the
electrical conductivity of the sample.
[0076] <Salt/water permeability test of film 1>

Ten (10) grams of a commercially available table
salt (for example, “Hakata no Sio (Salt from Hakata)”
described kbelow) is dissolved in 2,000 ml of water to
prepare a 0.5 % saline solution (EC: about 9 dS/m). The
measurement is performed using a “sieve basket-bowl set”.
The sieve basket-bowl set comprises a sieve basket and a
bowl; wherein the sieve basket is accommodated in the
bowl. Film 1 to be tested (size: 200 to 260 mm x 200 to

260 mm}) is placed on the sieve basket of the sieve bas-
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3.5 143.6 Use of a tank (conparative experinent) 30

3.5 163.5 The anpunt of harvest in the plant

cultivation 1.5 system of the present invention was
approximately 10 lower than that in the conparative
experiment using a hydroponic taak, but the anmount of
nutrient fluid provided bel ow t he nonporous

hydrophilic filmwas about 45 of the anmbunt used in

t he kehpheuli setexpbfi AEAt 9 CF0WIBRrEXpePPHERAPNtO the film
met hods ot her than those nentioned above are expl ai ned

bel o BRReaseveneasker . .pgn the qEprkamtt 30 pH @bsthe
performed using the bel ownentjoned pH neter. :After

cal i BraiPRgSPhet seRsBreBareroabevet he PleRefeinwitl Rowl of
standard sol utjon the sensor portion was

dippEHeiﬁlﬁv§opﬁFkéEt%éWgééﬁEas-Tﬁﬁnﬁ%ﬁweT?%55%Fnc%%ﬁ§ining
o BEDE IR Sl e et by 2 haken and o ohl 2t bt s,
RERLIE LI RS, S X N L Sar
R T (h e R e REICR L NS
polyvinylidene chloride film, trade name: Saran Wrap,
manufactured and sold by Asahi Kasel Corporation) to
prevent the evaporation of water from the system. The
resultant system is allowed to stand still at room tem-
perature, and the EC values of the water and the saline
solution are measured every 24 hours.
[0077] In the present invention, for facilitating the
absorption of nutrient (organic matter) by plant roots
through film 1, it is preferred that the film 1 also ex-
hibits a specific level of glucose permeability. The
glucose permeability can be appropriately evaluated by
the following water/glucose solution permeability test.
In the present invention, it is preferred that the
above-mentioned film exhibits a Brix concentration (%)
difference of 4 or less as determined between water and
a glucose solution at the cultivation temperature,

wherein the Brix concentration (%) difference is deter-

mined by a method comprising contacting water with the
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Brix concentration (% was neasured using the
bel ow- nentioned Brix neter (refractoneter). A part of
the solution to be neasured was sanpl ed using a
dropper and dropped on the prismportion of the Brix
meter. The 20Bri x concentrati on3val ue of the sol ution
was obt ai ned by readi ng the val ue displayed on the LCD
of the Brix neter, [0100] <Experinental equipnents and
the ¥ipesse. S@&%@%@%eﬁhé?“@ﬁu bﬁeﬁ%%maﬁﬂhﬁbﬁhﬁaibgegater and
1) Si eve basket-bowl set: Radius of the sieve 25basket
s Bh9 Shugese BPLAL BNt HES BIRERT LR HEBPGRE 1 vEscompart -
about 130 c % 2) Styrofoam box;_ Sjze: 55 x,6 32
x 15heRts whichgre %%W%t‘ﬁgnbgcsh% ERAR) . 1mﬁasurln9 the
manuf actured and sold b Tan ta Corporation;
Spr i Ty PR b ERR B ORRL® 5@5 ﬁaCHaﬁgfEE?UV%BeananéoFBe glu-

%35@%"%52%% ??ﬁ#fﬁfé%ﬂf%?egaxﬁd(g%m%% peisn: EE'Z start of
L
5. 1750 SOMFARE ur 2 1SRG ILOF By LG, FbaLEFAnee in Brix con-

1) PELFELE ot 0Pl RS, | DR YIEDL oo PHLSEH Rl o

and so

(LtT\éM@”gIrl% T ?Bérlur%ryrﬁs erﬁi{r f%gtgﬂet {f%‘g‘%is more

anLgf@fefgﬁfg 9ngrsfégspys€i?90mo£9'prékgrably 2 or less,;

especially preferably 1.5 or less.
[0078] <Water/glucose scolution permeability test of
film 1>

A 5 % glucose solution is prepared using a commer-
cially available glucose (dextrose). A “sieve basket-
bowl set” which is the same as that used in the above-
mentioned salt/water permeability test is used. Film 1
to be tested (size: 200 to 260 mm x 200 to 260 mm) is
placed in the sieve basket of the sieve basket-bowl set,
and 150 g of water is poured onto the film. On the
other hand, 150 g of the glucose solution prepared above
is placed in the bowl of the sieve basket-bowl set. The
sieve basket containing the film and water is accommo-
dated in the bowl containing the glucose sclution, and
the wﬁole of the resultant system is wrapped with a

resin film for wrapping food (a polyvinylidene chloride
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[0101]2. Materials used (Soils): 1) Super

Mx A: Culture soil having a water con- 20 tent of

about 70 96. and containing trace anmounts of

fertilizers, manufactured and sold by Sakata Seed

Cor por ati on; 2) Rock3gi ber: granul ar cotton

66R (fine particles) for agricultural use,

manuf actured and sold by 25Nitto Boseki Co., Ltd.; and

47 filwm, 3prydennaueit 8araypras, manufactured andl sold by
sold by Nittai Corporation. (Filnmns): 4)

Pol yapahl BRESROFOEPYARLLPRM tPhPERNEDS: the ﬁwﬁporatlon of
5manuf actured and sold by Aicello Chemi cal Co., Ltd.

5) EWakPEl F§OBr FBAt EUSPOA- i The BRFLLAENFoAVFEer Ut 8dallowed
and sol d by ngpon S¥nthet|c Chem cal Industry Co.

Lt d. to stand s BPORy BEBBRFALE T Fol (St & of BugAT con-
t hi ckness 10manuf actured and so %y DuPont ;

7) PE?HE%bI(Er&gl FBBHEHEI?FansﬁnQ gfyit 5?5) ater and the glu-
manuf act ured and sol d Hands | n

Co! | GBRanEC TR ERnaEs. Reasphbt Ear so el b sird By Brix
FUTAMURA CHEM CAL CO., LTD; 159) M croporous

pol yBFEBTt ene film PH 35, manufac- tured and sol d by

k d ) o
-Srgaluirl a fﬁonwzepgl?aatﬁﬁrt cf’ég’?eo‘%(fg\&'ﬁ/t}elgf%ﬁgﬂ#oer s),
manuf act ug ed, apd; §oL.d,-bY, 488N 1nKaSC L nEOLBREAL: Qs (using

vermiculite) mentioned in Example 2 below. Specifically,
a plant growth test is performed for 35 days using two
sunny lettuce seedlings (each having at least 1 main
leaf), thereby obtaining a plants/film 1 hybrid system.
The plants are removed from the obtained plants/film 1
hybrid system by cutting the stems and the leaves near
the roots of the plants. Test specimens are cut out
from the film having the roots adhered thereto so that
the width of each test specimen is 5 ¢m (and the length
is about 20 cm) with the stem of the plant being posi-
ticned around the center of each test specimen.

[0080] A commercially available clip is attached to a
hook hanging from the spring of the spring type balance,
and cone end of the test specimen obtained above is
gripped by the clip, followed by recording the weight (A

grams) {corresponding to the tare weight of the test
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20[ 0102] (Seeds for preparing seedlings) 11)
Seeds of sunny lettuce: "Red Fire", manufactured and
sold by Takii & Co., Ltd. (Fertilizers)

12) Hyponex stock sol ution: manufactured and sold 25by

HYPONeX JAPAN CORP., LTD; and 48 13) O suka

House Nos. 1, 2 and 5: all manufactured and sol d by

O suka Chem cal Co., Ltd. (Qhers) 14)

" Hak&Ppachoes) oifSatratef bpkbha) sSprimgutyvst beddnagrd Subse-
sold by Hakata Engyo Co., Ltd.; and 15) G ucose:

d uca¥entdp, mhaushenupédthadrientd By EheScenser[ ©f08he test
Exanple 2 (Integration of roots with a fil 10

Ef f eBPSCORER {8rbelfizby bendennflagPBhlygnpihded downward to
integration of the roots with a filmwere exam ned. )
Eachd®kagh 16007 f Braali fueEd HpporerRtsofemosheafilm, while
1000-fol d_dil uted Hyponex solution and water (tap

wat eF§eRRS1ug et 8sWa 1 gt r (Bn8TRME? dCORARESPREOLBYUIEs the ap-
were conpared. 15[Q104] On _a nonporouys hydrophilic

F11 P LB ???ﬂi h 8}0%3%% YBEFPEDBG! LYBCCREPGecm The
was di sposed out 300 m of _either vermcuylit r. .
ook ERareighE nbs SRPe Taeannian shigcualusaiihgs is. B
(each havin? at ] east oge nakg | eaf) g@re planteq.in

Lhe SBTFS I8P BECH SFoPRL oI FBRFRGY208tpal; = Peeling

condjf]j Stx different test conditions, namely the
conb%%%%ﬁ %% %?rt§ow%9§§s°%f258Wrs and 3 types of

LY FELL! P AT R SR AT L B Efeons co
filnaég ﬁiﬂﬁpihwﬂicﬂbggﬁigiﬁg1aTEgeféﬂ r%%?@hgt%5g%r%0 g or
performed i n a greenhouse using nhatural sunligh
more with respect to the roots of the plant. The peel-
ing strength of the film is preferably 30 g or more, and
more preferably 100 g or more.
[0o082] (Materials of film 1)

In the present invention, there is no particular
limitation with respect to the materials usable as the
film 1 and any conventional materials can be used as
long as the film is capable of “substantially integrat-
ing with the roots”. The film may be a material which
is generally referred to as a “membrane”. Specific ex-
amples of materials of film 1 include hydrophilic mate-
rials, such as a polyvinyl alcchol (PVA), a cellophane,

a cellulose acetate, a cellulose nitrate, an ethyl cel-

lulose and a polyester.
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49 The tenperature of the greenhouse during the

experinment was 0 to 25 C, and the humdity was 50 to

90 %:H. [0105] The anmpbunt of water evaporation and the

EC value of the nutrient fluid were neasured on day 13

and 5day 35 fromthe start of tRé cultivation. The

above- nentioned "peeling strength", which is a

yardstick for evaluation of the integration of roots

wi t h [PRE31i | MPekes B i Rastireyl an Haylbstion with respect
[OlogﬁaThe experimental conditions used above can be

10su FP?eth§kFGFFoR§:t?? Exp8r lpeAand it is gengnahly
PVA 4% nk(ngnufactur d and sold by_Ai-cello Chem ca

CD.,a ?H.)? QongOEO eﬁﬁ? preferably aboutzf BFedg @@p um,

Sunrgelel LSERAI LR LR IR 6 BRLCS TR

an aGPREEL 10T HH AR, IHOHEE SR Ut on o an
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filmsandnt ¥e: seedh i pgar WBheaRhaat et urRer@idlun ¥ use in
resul tant sieve basket was placed in a bow containing

240 gydpopORig ehivwatgeish.a nutrient fluid to contact
the filmwith water or the nutrient fluid, thereby

cul t{vegsng tEhenpiay ek sepdldidie BrddHdiyatifPie as the
period: Cctober 29 to Decenber 4.
plant cultivation support include: natural materials,
such as sand, gravel and pumice sand; and processed ma-
terials (e.g., a high temperature calcination product},
such as a rock fiber, vermiculite, perlite, ceramics and
a carbonized rice hull. Examples of organic materials
usable as the plant cultivation support include natural
materials, such as peat moss, coconut fiber, bark medium,
hull, peat (Nitan) and peat grass (Sotan); and synthetic
materials, such as particulate phenol resin. The above-
mentioned materials can be used individually or in any
combination. Further, woven or nonwoven fabrics made of

synthetic fibers can also be used. To the cultivation

support explained above, a small amount of a nutrient
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are shown in Table 2 bel ow In Tabl e 2, when two

EC val ues are shown, the values are "EC before

addition of liquid fertilizer/EC after addition of

liquid fertilizer”. 15 51 NAd3Sunny |ettuce having

at least 1 main leaf; two seedlings for each

experiment Rock fiber .19gPI N Anrount of water

evapb? ef i on? (§5rt bb¥zEC S/ Bj CHPNREHUFHLf EPNPPREBES) may be
added. With respect to such a nutrient added to the
cultivation support, according to the finding of the
present inventors, it is preferred to add a nutrient to
the plant cultivation support on the film 1 in such an
amount as required until the roots of a plant grows to a
degree such that the plant is capable of absorbing water
or a nutrient fluid through the film, in other words,
until the roots integrate with the film.
[0086] (Nutrient fluid)

With respect to the nutrient fluid (or the fertil-
izer solution) used in the present invention, there is
no particular limitation. For example, use can be made
of any nutrient fluids which have been used in the con-
ventional soil cultivation and nutrient fluid cultiva-
tion.

[0087] As inorganic components contained in water or a
nutrient fluid which are generally known as essential
components for plant growth, there can be mentioned ni-
trogen (N), phosphorous (P}, potassium (K}, calcium (Ca),
magnesium (Mg), and sulfur (S) which are major compo-
nents; and iron (Fe), manganese (Mn), boron (B), copper
(Cu), zine (Zn) and molybdenum (Mo} which are micronu-

trient components. In addition, there can be mentioned

silicon (Si), chlorine (Cl), aluminum (Al), sodium (Na)
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and the like which are subsidiary components. If de-
sired, any of other physiologically active substances
may be added as long as the substances do not substan-
tially inhibit the effect of the present invention.
Further, the water or nutrient fluid may be supplemented
with sugars, such as glucose (dextrose), and amino acids.
[0088] {(Water impermeable material)

There is no particular limitation with respect to
the water impermeable material as long as it is imperme-
able to water. Examples of water impermeable material
include a synthetic resin, wood, metal and ceramics,
which may be in the form of a film, a sheet, a plate or
a box.

[0089] (Water absorbing material)

The water absorbing material has the function of
supplying water or a nutrient f£fluid to the film 1 and,
basically, there is no particular limitation with re-
spect to the water absorbing material as long as it is
capable of absorbing and retaining water therein. For
example, use can be made of a sponge or nonwoven fabric
made of a synthetic resin; a woven fabric; fibers, chips
and powder of plant origin; and other materials gener-
ally used as a plant cultivation support, such as peat
moss and moss.

[0090] Hereinbelow, the present invention will be ex-
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plained in more detail by making reference to the fol-

lowing Examples.

EXAMPLES
[0091] Example 1
1) Test method

A plant cultivation system was prepared in a sim-
plified greenhouse as follows. A polyethylene film
(manufactured and sold by Okura Industrial Co., Ltd.)
having a thickness of 50 um, a width of 1 m and a length
of 1 m was spread out on the soil inside the greenhouse,
and a capillary sheet (SR-130, manufactured and sold by
Mebiol Inc.) having a width of 60 cm and a length of 1 m
wag disposed on the polyethylene film. A total of 10
nozzles extending from an automated irrigation device
were placed on the surface of the capillary sheet,
wherein 5 nozzles were positioned at each opposite side
éf the capillary sheet with 20 cm intervals. Then, a
nonporous hydrophilic film (Hymec film having a thick-
ness of 65 um, manufactured and sold by Mebiol Inc.) was
disposed on the capillary sheet having the nozzles dis-
posed thereon. On the nonporous hydrophilic film was
disposed, as a culture soil, Super Mix A (manufactured
and sold by Sakata Seed Co.) to a thickness of 2 cm, and

a total of 10 nozzles extending from another automated
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irrigation device were also placed on the culture soil.
The culture soil was covered with a mulching film which
is Silver Mulch 30 pm (manufactured and sold by TOKANKO-
SAN CO, LTD.) On the mulching film was made six X-
shaped through-cuts in a line with 15 c¢m intervals for
planting plants therethrough, and the through-cuts were
covered with a culture soil, thereby obtaining a culti-
vation system.

[0052] As a comparative experiment, a hydroponic tank
(inner width: 45 cm, length: 1 m, and depth: 12 to 18
cm) filled with 30 L of a nutrient fluid was installed
on the ground and a nonporous hydrophilic £ilm (Hymec
film having a thickness of 65 um, manufactured and sold
by Mebiol Inc.) was disposed thereon. On the nonporous
hydrophilic film was disposed, as a culture soil, Super
Mix A (manufactured and sold by Sakata Seed Co.) to a
thickness of 2 om, and a total of 10 nozzles of an auto-
mated irrigation device were placed on the culture soil.
The culture soil was covered with a mulching film which
is 8ilver Mulch 30 um (manufactured and sold by TOKANKO-
SAN CO, LTD.). On the mulching film was made six X-
shaped through-cuts in a line with 15 cm intervals for
planting plants therethrough, and the through-cuts were
covered with a culture soil, thereby obtaining a culti-

vation system.
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[0093] Seeds of sunny lettuce “Red Wave” (manufactured
and sold by Sakata Seed Co.) were cultivated in a cell
tray until the seeds grew into seedlings having 1 to 2
main leaves. A total of six seedlings were planted
through the above-mentioned six-through cuts of the
mulching £ilm, respectively, and the cultivation of the
planted seedlings was initiated after the primary irri-
gation.

[0094] Automated irrigation device: Timer for auto-

mated watering, EY4200-H (manufactured and sold by Pana-
sonic Corporation).

Cultivation method: After planting the seedlings,

a nutrient fluid in an amount of 200 ml to 300 ml per
day was fed from the nozzles of the automated irrigation
device to the capillary sheet disposed below the nonpor-
ous hydrophilic film. In this Example including the
comparative experiment, the irrigation (feeding of a nu-
trient fluid) to the upper side of the nonporous hydro-
philic film was performed using the automated irrigation
device. The amount of irrigation (nutrient fluid fed)
to the upper side of the film was approximately 20 ml
per seedling. Cultivation period was 1 month from the
planting of the seedlings.

[0095] Nutrient fluid: The EC of the nutrient fluid

was 1.2 dS/m. The nutrient fluid was a mixture of 0.6
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093 Experiment No. 1-und EuTTPaaS 1105 Dilution factor
for liquid fertilizer ET AEU Day 35 o APa Day 13 Day
35 Total weight (g) of stems and | eaves Peel i ng
strength (Qg) 44

g/L of Otsuka House No. 1 and 0.9 g/L of Otsuka House No.
2, with which 0.03g/L of Otsuka House No. 5 had been
blended.
[0096] 2) Test results

As apparent from Table 1 below, the total weight of
six sunny lettuces after l-month cultivation wasg 143.6 g
when a water absorbing material was provided under the
nonporous hydrophilic film. On the other hand, the
total weight of the sunny lettuces was 163.5 ¢ in the
comparative experiment which used a hydroponic tank.

[0097] [Table 1]

amount of
amount of .
nutrient . . Total weight (g)
irrigaticn
fluid of leaves and
to upper
provided stem
side of the : .
below the ) (6 plant bodies)
Film (L)
£ilm (L}
Use of water
shsorbing
material 8 3.5 143.6
{present
invention)
Use of a tank
(comparative 30 3.5 163.5
experiment)

The amount of harvest in the plant cultivation
system of the present invention was approximately 10 %
jower than that in the comparative experiment using a
hydroponic tank, but the amount of nutrient fluid
provided below the nonporous hydrophilic £ilm was about
1/4
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[0110] (Expl anation on the experinmental results)

As apparent fromthe Tabl e above, contrary to the
results obtained by feeding water below the film not
only the growth of the plants byt also the integration
50f the roots with the filmwere remarkably enhanced
when a nutrient fluid was fed to the | ower surface of
t he ©E| hhe Tamovebulissddenohber acepahat ivheeppaniwehiive
absorbed not only water but also fertilizer conponents
through the film Further, it is considered that the
10 integration of the roots with the filmis a result
of the0RBLesFHixpergmentsaly g e Sithe hdhieethore mentioned
roots and the filmfor efficiently absorbing water and
f ert APPYeratenpiReat3eEnhP8LgN-the film 15[ 0111]
Exanple 3 (Salt and water perneability test)

var i otieaspraRenkrefsbBrected to a salt and water

pernmeability test in accordance wi th the nethod
describedM%%%VEe%ﬁH%rOFh@Hs@%?iBﬁr SREAWaEeng the below-

bili fil . The foll ow 6 f
e TR a8t U5 L L o o
[ d P ilm, hyd il I t fil
o PR 5y e BUCFEPR S BERARRL Soplb 2ot 7.1,
ltrafi fi.b Shal erja). -Th I h
O e B ATRRRB T R B e e

53 ured. The main body of the pH meter was gently shaken

and left still until a steady value was displayed on the
LCD (ligquid crystal display) panel of the pH meter. The
pH value of the solution was obtained by reading the
steady value displayed 6n the LCD panel of the pH meter.
[0099] «<Measurement of Brix concentration (%)s>

Brix concentration (%) was measured using the be-
low-mentioned Brix meter (refractometer). A part of the
solution to be measured was sampled using a dropper and
dropped on the prism portion of the Brix meter. The
Brix concentration value of the solution was obtained by
reading the value displayed on the LCD of the Brix meter.

[0100] <Experimental equipments and the like>

1. Experimental equipments and apparatuses

1} 8Sieve basket-bowl set: Radius of the gieve

basket was 6.4 cm (the area of the bottom surface was
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54 [0113] (Expl anati on on the experinmental results)
Among the 6 filns tested, the nonwoven fabric of
ultrafine fiber (Shaleria), the PVAfilm the
hydrophilic polyester filmand the cellophane film
exhi bited high 5 salt perneabil#6y. BOVLON exhi bited
only a low salt perneability, and the m croporous

pol ypropyl ene fi] m (PH 35) exhibited no perneability
to saPPUt Tha0r@mUlis of the experinent show that, from
the viewpoint of salt perneability, the m croporous

pol ypr opy? Enéthidafiqeml Hog5) Sigei:s S5ot Sdi tabBbe chgr

use in the present invention. [0114) Exanple 4

( Dext r ose® berfedfiniq paesigale: Moy ilokd f Memyigtaired
subj ect ed i&ﬂ a dextrose perneability test in
accofBAnt@ @i PX TRR1h2t heHPasetiPBed 15 above under

t he secti <Wat.er/ gl ucose sol ution per bilit
test >, Thzgpf GiHoRhd S et Mﬁ%\/\gﬁg @sea%./anélflg\?&ured

cel | BERARELR P RATERHEALFE: 68 FopRae (1 11 and a
T e 8] PP, g R0 S B sona
14 nBytﬁagﬂzen Co., Ltd.;

6) Conductometer: Twin Cond B-173, manufactured
and sold by Horiba Ltd.;

7) pH meter: pH pal TRANS Instruments, manufac-
tured and sold by Gunze Sangyo Inc., and compact pH me-
ter (Twin pH) B-212, manufactured and sold by HORIBA,
Ltd.; and

8) Brix meter (refractometer): PR201, manufac-
tured and sold by Atago, Co., Ltd.

[0101] 2. Materials used

{(Soilg) :

1) Super Mix A: Culture soil having a water con-
tent of about 70 % and containing trace amounts of fer-
tilizers, manufactured and sold by Sakata Seed Corpora-
tion;

2) Rock fiber: granular cotton 66R (fine parti-
cles) for agricultural use, manufactured and sold by

Nitto Boseki Co., Ltd.; and
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3) Vermiculite: Type GS, manufactured and sold by
Nittai Corporation.

(Films) :

4) Polyvinyl alcohol (PVA) film: thickness: 40 um,
manufactured and sold by Aicello Chemical Co., Ltd.;

5) Biaxially oriented PVA film: BOVLON, manufac-
tured and sold by Nippon Synthetic Chemical Industry Co.,
Ltd. ;

6) Hydrophilic polyester film: thickness: 12 um,
manufactured and sold by DuPont;

7} Permeable cellophane (for smoke drying): manu-
factured and scold by Tokyu Hands Inc.;

8) Cellophane: thickness: 35 um, manufactured and
sold by FUTAMURA CHEMICAL CO., LTD;

9) Microporous polypropylene film: PH-35, manufac-
tured and sold by Tokuyama Corp.; and

10) Nonwoven fabric: Shaleria (nonwoven fabric made
of ultrafine fibers), manufactured and sold by Asahi Ka-
sel Corporation.

{0102] (Seeds for preparing seedlings)

11) Seeds of sunny lettuce: “Red Fire”, manufac-

tured and sold by Takii & Co., Ltd.
(Fertilizers)
12) Hyponex stock solution: manufactured and sold

by HYPONeX JAPAN CORP., LTD; and
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13) ©Otsuka House Nos. 1, 2 and 5: all manufactured
and sold by Otsuka Chemical Co., Ltd.
{(Others)

14) ™“Hakata no Sio (Salt of Hakata)”: manufac-
tured and sold by Hakata Engyo Co., Ltd.; and

15) Glucose: Glucose 100, manufactured and sold

by E. 5. NA.

{0103] Example 2 (Integration of roots with a film)
Effects of a fertilizer concentration on the inte-
gration of the roots with a film were examined. =Each of
a 100-fold diluted Hyponex solution, a 1000-fold diluted
Hyponex solution and water (tap water) was used as a nu-
trient fluid, and the results were compared.
[0104] On a nonporous hydrophilic f£film (PVA film) hév—
ing a size of about 20 cm x 20 c¢m was disposed about 300
ml of either vermiculite or rock fiber as the soil. Two
sunny lettuce seedlings (each having at least one main
leaf) were planted in the soil for each of the following
6 test conditions. 8ix different test conditions,
namely the combinations of two types of soils and 3
types of nutrient £fluids were prepared. The amount of
nutrient fluid used was 300 ml. The soil was placed on
the PVA film to a depth of about 2 cm. The experiments

were performed in a greenhouse using natural sunlight.
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The temperature of the greenhouse during the experiment
was 0 to 25 °C, and the humidity was 50 to 90 %RH.
[0105] The amount of water evaporation and the EC
value of the nutrient fluid were measured on day 13 and
day 35 from the start of the cultivation. The above-
mentioned “peeling strength”, which is a yardstick for
evaluation of the integration of roots with the film,
was also measured on day 35.

[0106] The experimental conditions used above can be
summarized as follows:

1. Experiment

1) Film: PVA 40 um (manufactured and sold by Ai-
cello Chemical Co., Ltd.), 200 x 200 mm;

2) Seedling: Sunny lettuce-seedlings (having at
least one main leaf);

3) Soil: wvermiculite (fine particles) or rock fi-
ber 66R;

4) Nutrient fluid: water, an aqueous 100-fold di-
luted Hyponex solution or an aqueous 1000-fold diluted
Hyponex solution;

5) Equipment: A set of a sieve basket and a bowl;
and

6) Place of experiment: Greenhouse (without con-
trol of temperature and humidity).

[0107] 7) Experimental method: After placing the film
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(200 x 200 mm) in a sieve basket, either 150 g of ver-
miculite (moisture: 73%, dry welght: 40 g) or 200 g of
rock fiber (moisture: 79%, dry weight: 40 g) was dis-
posed on the film, and two seedlings were planted
therein. The resultant sieve basket was placed in a
bowl containing 240 g to 300 g of water or a nutrient
fluid to contact the film with water or the nutrient
fluid, thereby cultivating the planted seedlings.

8) Cultivation period: October 29 to December 4.
[0108] The results of the above-mentiocned experiment
are shown in Table 2 below.

In Table 2, when two EC values are shown, the val-

ues are “EC before addition of liguid fertilizer/EC af-

ter addition of liquid fertilizer”.
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[0110] (Explanation on the experimental results)

As apparent from the Table above, contrary to the
results obtained by feeding water below the film, not
only the growth of the plants but also the integration
of the roots with the film were remarkably enhanced
when a nutrient fluid was fed to the lower surface of
the film. The results demonstrate that the plants have
absorbed not only water but also fertilizer components
through the film. Further, it is considered that the
integration of the roots with the film is a result of
the necessity of a strong adhesion between the roots
and the film for efficiently absorbing water and fer-

tilizer compcnents through the £ilm.

[0111] Example 3 (Salt and water permeability test)
Various films were subjected to a salt and water
permeability test in accordance with the method de-
scribed above under the section <Salt/water permeabil-
ity test of film 1>. The following 6 types of films
were used: a PVA film, BOVLON (a biaxially oriented PVA
film), a hydrophilic polyester film, a cellophane film,
a PH-35 film and a nonwoven fabric of ultrafine fiber
(Shaleria). The results of the above experiment are

summarized in the following Table 3.
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[0113] {(Explanation on the experimental results)

Among the 6 films tested, the nonwoven fabric of
ultrafine fiber (Shaleria), the PVA film, the hydrophilic
polyester film and the cellophane film exhibited high
salt permeability. BOVLON exhibited only a low salt
permeability, and the microporcus polypropylene f£ilm (PH-
35) exhibited no permeability to salt. The results of the
experiment show that, from the viewpoint of salt
permeability, the microporous pelypropylene film (PH-35)

is not suitable for use in the present invention.

[0114) Example 4 (Dextrose permeability test)

Various films were subjected to a dextrose
permeability test in accordance with the method described
above under the section <Water/glucose solution
permeability test>. The following 5 types of films were
used: a PVA f£ilm, BOVLON (a biaxially oriented PVA film),
a cellophane film, a permeable cellophane film and a PH-
35 film. The results of the above experiment are

summarized in the following Table 4.
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[0116] (Explanation on the experimental results)

Among the 5 films tested, the PVA film, the cello-

phane f£ilm and the permeable cellophane film exhibited

excellent dextrose permeability, but BOVLON exhibited

almost no dextrose permeability. Further, no dextrose

permeability was observed with respect to the PH-35 film.

The

the

are

the

results of the present experiment show that, from
viewpoint of dextrose permeability, the films which
advantageous for use in the present invention are

PVA film and the cellophane film.

[0117] Example 5 (Water pressure resistance test)

As explained above, water pressure resistance test

with respect to 200 cm H;O was performed in accordance

with JIS L1092 (method B).

(Results of the Experiment)

{0118] [Table 5]
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0 [0119] (Expl anation on the experinmental results) In
the present invention, one of the inportant functions
of a filmhaving excellent water resistance is 5to
enhance integration between plant roots and the film
by preventing the infiltration &7 water through the
filmfromthe | ower side to upper side of the film

whergim the - rnfittrated—water—fne ? tte Edl ” IUHI
necessity to abisor bypater or a nut?ient ﬁﬁaj li ance
a7

the -F|!m 1ﬂ|n nrl:t:nn t ha 'F|| must c-|M| US."

T UTrTi— oo T L LI~ | III T ot Lull\av

previent thewl apincoid mynation|w th m crQQr ganhshs,
bactijeria and viruses present bellow the film The

resul saeiathe Expekkaena shiow tthat, fromthe

vi ewpoi nt OfiB?hBOV\H_*oNE)r resi stange of the 499 Ry more
nonwovemn fabrits and woven fabrijcs 15 tavingpores

t herlei n (su@ﬂh@f@nﬁoﬁ@b\‘/en fabric of ul t20&8f Premidber )
are Mot suitabte for use T1m the(present TNVeEntT oI,
[0120]Hmrcm>ybtpéﬁénpo$yaﬂhe@<§niame< 2, 3, 4230dos wbove,
58 fjrts WMILH blHUquneuu>|y exhibirt—excettent—satt
and [dextr i g@ Phek ‘Hce‘try and excel | ent water o

resilst ance %ar&>f i ¢ G _nonporlous hydrophilic filns
made of a PVA, a cellophane, a hydrophilic polyester
and the |like. The 5integration between the roots and

the folmvare @shiemed QM Yohek theONRORENS results)
hydrophilic filmis used. Industrial Applicability

[0121] Int&henpl pREsentt iMdehenoaysSbam of the RmRSeRbnt

P

functions of a film having excellent water resistance is
to enhance integration between plant roots and the film
by preventing the infiltration of water through the film
from the lower side to upper side of the film, wherein
the infiltrated water frees the plant from the necessity
to absorb water or a nutrient fluid through the film.

In addition, the film must simultaneously prevent the
plant contamination with microorganisms, bacteria and
viruses present below the film. The results of the ex-
periment show that, from the viewpoint of the water re-
gistance of the film, nonwoven fabrics and woven fabrics
having pores therein (such as a nonwoven fabric of ul-
trafine fiber) are not suitable for use in the present
invention.

[0120] As apparent from Examples 2, 3, 4 and 5 above,
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10i nvention, plant roots and ground soil are

mai ntai ned to be separated fromeach other by a film
and, therefore, the roots are not in direct contact
with the soil. Even when the ground soil is

contam nated with pat hogeni ¢ m%% oor gani sns and

pat hogeni ¢ bacteria, the m croorgani sns 15and bacteria

are e of ass ng through the filmand do not

get fﬁ“t%ﬁtq&& Y ?Webltqc%teﬂqew 53 he and
re |nvent|on |s capabl e of vent| ant
b ont R R P URAD Bl Sb e P L Sipi HeC %ts*fﬁeje%tance are

Fur th n wh th t t
sl f@ttgo&}t Lo SR o <
of th sent |nve abl es; the reduc

ol arte Dl elpalr%ﬁ%ﬁ% EEGHTA P e he
N n%@llﬂ:lcgﬂg%cﬁv? %I ong View o é%fﬂ[f %ﬂlleved

A séh C Cross-sec an exanp

erhadiygnt I 5ﬁ§% vat t f
the ph@gent |nvé%t?éﬁpé$gh£'?gﬁ t 8 fﬁ § 8&%8
cross-sectional view of an exanpl e of another

enbodi nent of the plant cultivation system of 5the
Presapfud Vet iQh1iddihgid} A schemtic
SS-Sectiomal view of _am e

cro xanpl e of still another

enbog yet  Oftnt BeeP Qﬁhtc'e':htl*t&%*t‘i@nsié?%%@npfoft e present
present invention. 10Description of Reference Nunerals

[ 0123 en NP OOUS hY£B DY dh@ G 250Vt £Fel HREAtained to

nmeable material; 3: Irrigation neans (at the side of

the Htatﬁpatﬁﬁtfé’dm@&btﬁ d@tierother ¥y £l antmcahdi vehésBfore,
support (soil); 5: Evaporation reducing naterial; 156:

[ rrigsd impoteanse (@bt the didecofcdieapt avitButhévaoil. Even
tion support); 7: Mst spraying valve; 8. Water
absorlEmgtremteerdwald sl 9t s leemeariiatéé piaht pathogenic mi-
cul tivation support
croorganisms and pathogenic bacteria, the microorganisms
and bacteria are incapable of passing through the film
and do not get in contact with the plant roots. Accord-
ingly, the present invention is capable of preventing
plant contamination, such as sequential cropping disor-
der. Further, even when the ground scil is contaminated
with residual agrochemicals, the use of the system of

the present invention enables the reduction of plant

contamination by separating the soil from the roots.

BRIEF DESCRIPTION OF DRAWINGS

[0122] [Fig. 1] A schematic cross-sectional view of
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60 CLAIMS 1. A plant cultivation system conpri sing:

a nonporous hydrophilic filmfor cultivating a 5 pl ant

t hereon, and a feeding neans for supplying water

or a nutrient fluid to the |ower surface of said

nonporous hydrophilic filmin th2 absence of a

hydr oponi ¢ tank for accommobdati ng water or a nutrient

fluid and 10 cultivating a plant therein, 2._The )

pl an?cEFTREE i Oh dyReeht atBBPEiHEE0CE| Bt R1aRkeFELF1vVa-

sai d_feedi ng neans conpri ses a water absorbing

mat et +G1 %ﬁgEﬁmi% i h@oRF 88 i tAVERELPBwer surface of
3

15 sajd hydrophilic fil , 3. _The,

cul L PUEET of Syt ORH TP 4D T 2L Wb, G s qexample
uhi CRET B BEBoT JSHPBa BPEarh S6°rBABBFoRS Ry RbERM FYstem of
fil“lh 4prTg§ngI§H%e%glg£vation system according to

cIa|n1%, Wherar n- s %eedlng nmeans further conprises

B RoR R B TSRO L LR cramone

§aid nonporous ( man .
| mpeg peabl £1 NRLSEHEL «ARaYLEDR bE EReCARLAE! cwlttﬁvg&%on

} Ry BeneTrac
| ower surface of sard nonporous hydrophtlic film

The ﬁﬁémwktw@tgpt@ﬁéﬂﬁtg{}»éﬁ&%ﬂlng to claim3 30

Ich, in us er eo I's Installed on ground

Description of Reference Numerals

[0123] 1: Nonporous hydrophilic film; 2: Water imper-
meable material; 3: Irrigation means (at the side of the
water impermeable material); 4: Plant cultivation sup-
port (soil); 5: Evaporation reducing material;

6: Irrigation means (at the side of the plant cultiva-
tion support); 7: Mist spraying valve; 8: Water absorb-
ing material; and 9: Frame for the plant cultivation

support
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soil in a manner such that said water inperneable
material contacts the ground soil. 61 6. The plant
cultivation systemaccording to any one of clains 1 to
5, wherein said nonporous hydrophilic filmexhibits an

el ectrical conductivity () 5 difference of 4.5 dS/m
or less as determ ned between water and a saline

sol ution having a salt concentration of 0.5 % by

wei ght, said EC differererMsei ng determ ned by a

met hod conprising contacting the water with the saline
sol ution through said nonporous 10 hydrophilic film

1 and ArpAsH REIkheaelieat Eiysabmcostpeisimgy of each of
the water and the saline solution 4 days ch‘1(96 hour s)

af { & TIGREOTONS, MYFTOREIL4RL SALT ARE TR HAMY 2 he
t I duct t bet th
p%%ééﬁﬁgﬁﬁﬁ?hg ggfp rical conductivity between the

ine solution. 15 7. The plant
cul td Eeddmos yseem £0X0SUPRGYLBIaNFLBReOHI 2 PRI AL t o

e ai S .y h exhibits a
fi%%iﬁ%oné%%?%a |ont%%%%%' ?e%é%geh% ﬁggég]ess as
hgetesid ied thistweien tiet elosand eaofl ecbyergpoReE UE#BA

havi ng a ucose cqncentration_of 9 ht, said
L@ | JCCIMRMRATT SRR Fi £ @Pgnceengelf%gxgv?e?m ned by -
c@1 FBVDOthe Sl g eardiact i ng the water with the

gl ucose solutlon t hrough sai d nonporous hydrophilic
film and nmeasuring the Brix concentration 25 (% of

zeaChT§g éiﬁh@wgéﬁtfygiﬂdﬂadys%%ﬂﬁéc&@kdihgntS daysm(¥2

hour ter the start of the contact, and calculatlng
whéee ifh f $@i @nbeed MBMSarH KSRGS R Vo bePREBRCLRS

m%€?¥lafn9h{gﬁy§%Qﬁ9§§> IWBth 3BabherPkaRtace of

rvation em according to any one of clainms 1 to
sdidwhenpbnosai lydrorgiolrlois fividr.ophilic filmhas a
peeling strength of 10 g or nore, said 62 peeling
strength being nmeasured by a nethod conprising
3di speskng1and ewltiwatioy syqiantacuedyiog sai ¢laim 1,

nonporous hydrophilic film and peelin ggld filmfrom
whiseigopasf tfﬁ%dbql%rﬁ‘e%f%??]ﬂ]ﬁfe%§f M'the start of

impermeable material which is provided below said

nonporous hydrophilic £ilm.

4. The plant cultivation system according to claim 3,
wherein said feeding means further comprises a water
absorbing material which is disposed between said
nonporous hydrophilic film and water impermeable
material, and which is in contact with the lower

surface of said nonporous hydrophilic £ilm.

5. The plant cultivation system according to claim 3
or 4, which, in use thereof, is installed on ground
soil in a manner such that said water impermeable

material contacts the ground soil.
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5 the cultivation to neasure the strength (g) needed
for the peeling. 9. The plant cultivation system
according to any one of claims 1 to 8, wherein said
nonpor ous hydrophilic 10 filmhas a water

i mperneability of 10 cma1 nore in terns of water
pressure resistance. 10. The plant cultivation system
according to any one of clainms 3 to 9, which further
conprises an 15 irrigation neans for supplying the

wat or .the nutri.ent.fluid a [ti f_ said
5 evs e mirer FoEER i gnor Bt di il o, 3 one
off nperiveahll eost, ewhal-eindssad dnooposos shdacrpipiiliidd ¢
film .wherein said water_or the nutrien luid is fed
TR SR ARhECRCFELIERL ?@HH’PHFW¥ eh@é)r ed arount

dideAFdAREGH B EegReat oof 1688 g8 0né be Sh Y] Wetvrerdl ant
being cultivated. 11. The glant cul tivation system
waEordichg 56 1Ry 6REVEECRI BRAWEPY 203D which furt her

c 02385 A Bt 528 Bgl LbYaht ONs S URPEE Lo oF APRSRE ON
or above ‘sai d nonporou$ hydrophilic film-12. The
beplrantdedfmmiived by sysechraccondrhglne epRtatieing the
wactle?cl '?iﬁ% %e“salgﬁ'ec EOEHE%QSrtﬁQHgéhsgéi@ A SR 30
materia I SpoSéd on of above sar d“nonpor ous
hydcrgdpiild & iflid, mvand68eadl8ridpetpeaatecutri¢akt i on

system accordin 0 any. one_of cl ai 1 to 12, which
T asth Sagba oty LBPONBRES! “PRoaR T RERS for
sSURPIaH Ng aaBlcer(9er haulh r hederf thedstart hef ugiper si de
of said nonporous 5 hydrophilic film wherein the

cPFly Gma ive Igatar 168 FRE FUEFPERECEI 17 P HEOM LAk
el e AL S eRAUNG HE AR 45 Hantdid | e ik respectorof
the grom h stage of the plant being cultivated.
7. The plant cultivation system according to any one
of élaims 1 to 6, wherein said nonporous hydrophilic
film exhibits a Brix concentration (%) difference of 4
or less as determined between water and a glucose
solution having a glucose concentration of 5 % by
weight, said Brix concentration (%) difference being
determined by a method comprising contacting the water
with the glucose solution through said nonporous
hydrophilic film, and measuring the Brix concentration
(%) of each of the water and the glucose solution 3
days (72 hours) after the start of the contact, and
calculating the difference in Brix concentration (%)

between the water and the glucose solution.

8. The plant cultivation system according to any one
of claims 1 to 7, wherein said nonporous hydrophilic

film has a peeling strength of 10 g or more, said
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10 14. The plant cultivation systemaccording to claim
3, wherein said water inperneable material is a
synthetic resin filmwhich is in contact with the

| ower surface of said nonporous hydrophilic film 15
15. The plant cultivati of2system according to claim4
wherein said water inperneable material is a syntheti c

resin filmwhich is in contact with said .
pesiisiavch Sty SREESr Paing e AR S Bhfeagine
oYU EMPGENr A9 1Lacehal n danuhesey osaladd rrigation

nNeans I's an intermttent irrigation neans far
nc}tlrlmc_er{jcrr;a thodirophddppl Fihy #RE ReREIIDrotite Hutt T

ui Q [ . I [ i
tl%?/ st Oeorﬁ éjcfi %rh % %%12 H%Fé? méﬂ% G?JI\?\A?e? e%gtg gdiﬂdé o
t}k@t@f]mjgﬁafemod ol geksonenthasstsergidr i 9t grededs£ors.
net hod for cultivating a plant, which conprises the
the éﬁ%eh]o‘frfg' _ (1) providing the plant cultivation
ﬁgf]:)g{nogf (r:]l 3| m ﬁ_, et (2) placing a plant on the
s hydrophilic.filmof said_ pl tiMat |
9systBif Rfdit ?ult_lv_(""é)loeustFg% i%cém?ﬂcgmp? ?n{% alolﬁﬁt%ng
poaporaus hydrophiddreibi bat awhbhposoppl yydomat ke or  a
nutr ent fluid by the feeding neans of said plant
fElhthamtd orRtsms tiaemeaPhd 1aBsghc e’ of ™ aoﬁy"&?]g?)ojnrf c
t%ﬁ{gsk L Pr A560 0 ARt ek ke nutrient fluid, to

e | ower surface of the nonporous hydrophilic film
10. The plant cultivation system according to any one
of claims 3 to 9, which further comprises an
irrigation means for supplying the water or the
nutrient fluid to a portion of said system which is
positioned between said water impermeable material and
said nonporous hydrophilic film, wherein said water or
the nutrient fluid is fed in an amount which is the
minimum required amount determined in respect of the

growth stage of the plant being cultivated.

11. The plant cultivation system according to any one
of claims 1 to 10, which further comprises a plant
cultivation support disposed on or above said

nonporous hydrophilic film.

12. The plant cultivation system according to any one
of claims 1 to 11, which further comprises a mulching
material disposed on or above said nonporous

hydrophilic film.
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13. The plant cultivation system according to any one
of claims 1 to 12, which further comprises a
supplemental feeding means for supplying water or a
nutrient fluid to the upper side of said nonporous
hydrophilic film, wherein the supply of the water or the
nutrient fluid from said supplemental feeding means is
controlled in respect of the growth stage of the plant

being cultivated.

14. The plant cultivation system according to claim 3,
wherein said water impermeable material is a synthetic
resin f£ilm which is in contact with the lower surface

of said nonporous hydrophilic film.

15. The plant cultivation system according to claim 4,
wherein said water impermeable material is a synthetic
resin film which is in contact with said water

absorbing material.

16. The plant cultivation system according to claim
10, wherein said irrigation means ig an intermittent
irrigation means for intermittently supplying the

water or the nutrient fluid to gald system.

17. The plant cultivation system according to claim
16, wherein said intermittent irrigation means is a

drip tube.
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18. A method for cultivating a plant, which comprises
the steps of:

(1) providing the plant cultivation system of claim
1,

(2) placing a plant on the nonporous hydrophilic
film of said plant cultivation system, and

(3} cultivating the plant on the nonpcrous
hydrophilic film, while supplying water or a nutrient
fluid by the feeding means of said plant cultivation
system, in the absence of a hydroponic tank for
accommodating water or a nutrient fluid, to the lower

surface of the nonporcus hydrophilic film.



