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1 TITLE OF THE I NVENTION 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 plant

cul tivation systemwhich enploys a film capable of
substantially integrating with ant roots. Mire
particularly, the present invention is con 10 cerned

with a plant cultivat i%ﬁﬁf@gd@iméggﬁgabl e of

feeding water or a nut ating a

plant in the absence of, & rggygg%?ﬁeggggéw acconmo-
and cu

dating water or a nutrient uird an Ivating a
plant therein. 15 [0002] According to the present
i nvention, a conven- tional hydroponic tank (used for

accorpmaay id¥d el efnint @ utrient fluid and

cul tirvattmg—a ptamnt therern) is not necessary for

cul timaiding arRbapteaBflt tHoEREOHA, rEhateRr €8€At plant culti-
invention is capable of saving material costs 20 for

the RydrieRpHEstank. phe@Q2Li1EHILekhe sty drRReien is
tank is used, the hydroponic tank needs to be

I nst aldriReHd Zadald Y rith-cud i vael drihady Sem Wi Odh employs

requires a |arge anmount of cost. Such a cost is

unnecesSidmy dapddle pRstidstdmeidlion amtegratbing with plant

therefore, the cost of the equi pnent becones [ow. 2

[ 0004]cdts t helopeepant iicalemilygn thieopresEanitaiimventdon is con-
cerned with a plant cultivation system which is capable
of feeding water or a nutrient fluid for cultivating a
plant in the absence of a hydroponic tank for accommo-
dating water or a nutrient fluid and cultivating a plant
therein.
[0002] According to the present invention, a conven-
tional hydroponic tank {(used for accommodating water or
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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pl ant separated fromground soil which is used in a
soil cultivation or a drip fertigation, a water

i nperneable nmaterial alone or a water inperneable
material having a 5 water absorbing material placed
thereon is disposed on the ground soil, whereupon a
nonporous hydrophilic film is &fsposed, to thereby
formthe plant cultivation sys- temof the present

form 1 Sy the present
| IVeNd L 00 Le LOUIL SR 40 BLneIERY 102 i3k Hlng

t he nonporous i Fmo
above: i t ti | on t | t. be S ,
poss%ﬁ%yﬁ(é%ﬁ%kégéﬁk?é§%) %ﬁ%%%€%§%f‘§$%% eh% G888%n a soil
acco nyd i . ; ul ti i on.

e TRV e MO | 0L SR L HRLLET: fneabi
m cr i ; cps

i PRLE AR G 5P B BBl ekl YR

SOi | 18 e 88 S RGP Ana f14 11 SEOME | @he SEORPL H941i sposed on
pl ant contam nation wth re- sidual agrochemcals i'n

SOi | t1fd afto PN 1 Nhitkd td@bn CAUSSEL OYosd! hpdrophilic film

accurul at'ed at the surface of soil; and groundwater

cont afd netd e Lauses tver&RE hf diem Ottie 0 14:0F -c2ltivation sys-
tilizers. [0005] The present invention is capable of
sol vitgn tde tiebgedeit | Dnashi obl ersc b ghoai€ €aused By

by the direct contact between plant roots and ground

Soi | .gfawirera plsamic eor hehe |l dripstdiis ViaydooplsySienfdim of the

the present inven 25 tion requires only a very snal

anourgbafe wadreri anell figkad: ¢ult zedtsion t specemesit becomes

possible to drastically decrease the costs for

growipnpsilpleanto prevent the occurrence of problems accompa-
nying the conventional socil cultivation and drip ferti-
gation, namely plant contamination with microorganisms
(such as nematodes), bacteria, wviruses and the like in
g0il, which are causatives of the soil sickness accompa-
nying sequential cropping; plant contamination with re-
sidual 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 reguires only a very small amount of water and fer-
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[0006] In addition, quality of the cultivated pl ant
can be easily inproved by growi ng the plant under

wat er- 5 suppressed conditions using the plant
cultivation system of the present invention. [0007]
By the use of the plant cultivation systemof the
present invention, it al so beconts possible to de-
crease the nitrate nitrogen contained in a plant which

0 i ' l : '
[ 00087 Ve | EnantshES AT EFRctg aFepPhrlipageorease
b t d. out f] [tivati
i maoorte 4TS e AR B P Ton, vt 11 2i ng

naturﬁﬂﬂ%?ﬁdi&hoﬁgﬁg%ﬁg ,a.u%ﬂﬂ%kggﬁ%iéﬁglcdyyidégéa'plant

In bo the f ul‘'ti'vatio e greenhouse

Cu'tié@ﬁiEEHﬁé%f%?ﬁ%g%F6§gﬁiﬂ%$§¥%%££%:?ﬁgsﬁ%£ﬁfeuﬂaer water-

t he ground part erefore,

i Nt heaases g REORRDR: S0s Lh OOt R Fidhe cultivation system
m croorgani snms (such as nenmatodes) and bacteria in

soi | il gL SBOr i gpasetdyes of the soil  sickness
acconmpanyi ng sequential cropping, it becones

necess@i¢/71t 0 @it Ree siker blfi 2Bl PR as@l ok iRAF MR em of
so-call ed soil exchange in which the soil is changed

25 Witthe gptedger almedtit Ddn YNTO N BEd Ndé €mES| poBEOWTEt to de-
from4 another place. A representative nethod for

steridredasy tls®initsafemiatogen domtddhedl banaopléhe which

use of nethyl Dbrom de for fum gation has nade the

Soi | isd exovwadags aronsh détred| prolflemdierc. a | arge-scal e

soi |l exchange is sub
Prior Art
[oc008] Conventionally, a wide variety of plants have
been cultivated outdoors by field cultivation or indoors
by greenhouse cultivaticn, utilizing 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

sc-called soil exchange in which the soil is changed

with a large amount of uncontaminated so0il brought from
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5 stantially inpossible fromeconom cal and physica
view points. [0009] Further, organophosphorus
agrochem cal s which had been used in a | arge anount
in the past have been contam nating ground soil, and
contam nation of agricul 10 tural crops wth such
agrocheni cal s has become a seridls problem

O ganophosphorus agrochem cal s are difficult to

deco@ﬂ? ql%p ﬂﬁ%OX|fy Theref glve é?&blelrlllZlng

exchange I'S SO necessa ving

[ 0010, 4 2, capyentd onal 1&?{ %& ft%a@o&?t{‘ﬁed 'yl ! 8F 9fetny1

anoun 19'%er”7s app he gr ound as

an basal, f £0 o%ckf Zﬁln}\gc%% i?ﬂvacgé"ﬁﬂlg 10 L sterilization

cultlvatlon I Zzer 1 n an

| ot t 2 t e
S0uA ety 10 sigskcsioge s el e aﬁ%%ge ts sub-

I
ertilization. a conventi on

fertIéﬂ%ﬁlammméﬁoimm'é@én&m& VA& Ohy éb@al view-

reality that only a small anount of a fertlllzer
absordeihy a young plant, and the amount of
absorption increases with the growmh of the plant.

Ther efgye®] t heugeReent begahochabkbhbzak @@r@%h@qﬁdaqs which
not only inefficient buf also causes salt

acCUrRH@tde®h ivked®5int e Bdide Dnol¥ll) Mk SHaE€ have been
contained in soil (especially, soil of a greenhouse)

m gr aicast apwel ting fgrsaridiesdoneramirdoh ®amippeiofpadbf agricul -

of the soil. During irrigation, fertilizer conponents

are ttrarsl evdps carth eshiclovegvddltenbd£Y s ya S loe@athé ya serious

but after the termnation of irrigation, water
problem. Organophosphorus agrochemicals are difficult
to decompose and detoxify. Therefore, a large-scale
soil exchange is also necessary for solving this problem.
[0010] In a conventional fertilization method, a large
amount of a fertilizer is applied to the ground as an
basal fertilization and, then, during the cultivation of
a plant, a fertilizer in an amount equal to 1- to 2-week
decse is given at once as an additiocnal 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 alsc causes salt accumulation in

the so0il.
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again mgrates towards the surface of the soil and
salts are carried toward the surface of the soil by
the m- grating water. At the surface of the soil

only water is |lost by evaporation. Repetition of such
process 10 | eads to the accunmul ation of salts at the
surface of the soil. In general3 the larger the
excess amount of salts present in a cultivation

scouriion, aTathRe kebiRipafedns 3™ Gsnsgtpndy. soil of
g7 0wt AN BISLON §fs A NAD o LGS B Apd Y HED pare co

soi | Very si Sert soi ere
i nf _ . o
| ror o < BT RSTE Thort i il dpreitizes
| .
por f o Hen ol dos i for LRI Al Ein dacer oy
requidagJaee asisrced di0d i R S et pedion, water

inefficient” fertilization also causes groundwater

cont e ipiyratied dfdidd 280 s LS el i th@Nsoil and salts
appropriate amount, the fertilizers, es- pecially

ni tregen dprdidd 28War@renddeformnse b Py b CE®11 by the mi-
organisns in the soil, wherein the fertilizers are

oxi - Fatdirepdvdtest he atokheWshg falcéelcf &he soil, only water
or ganoni trogen conmpound - NH4+ -p NO2 -* NOB-.

Howevigy ,1oMterby adtdgdZed iSorfl € Reped it o) oIX GRS YdHss

or when the activity of nitrifying bacteria in the

soi | ldasisveak,tHdeahomeaeivn anedsax slad t ofherocessce of the

does not 5 proceed so that NH4+ and NO2- are

excessinlel y Iac gemelrafled thien lehrgesoithe Mettessorsams of salts

adsorbed to the surface of
present in a cultivation environment, the higher the
level of salt accumulation, and the accumulated salts
cause the growth inhibition of a plant. Conditions of
such soil are very similar to those of desert scil where
rainfalls are extremely scarce. The only way to improve
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.
[0012] 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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negatively charged soil colloids, whereas NO3- ions
are not adsorbed to the soil but, instead, |each out
of the soil and cause groundwater contamnmi nation. 10
[0013] Irrigation also poses the follow ng probl ens.
Irrigation of a plant is perforned once in several
days wusing a large amount of wdter, and the soi
tends to be- cone too noi st innEdiater after the

irrigation but be- cones dr 5 & re tgganext
i rrigation O™ %Qﬁ?Qﬁ?\ﬁﬂﬁg Y ess gbpll 10 tHE: -
pl ant c!v?e‘féx”'vﬁ%ﬁ EeQrtclgﬂ %f&lalﬂé]a%sé&]e{r?f%emc@egé IWhount

quall ant, 'such as h™su

cont enft ,yeh dﬂl{{'éw&lw. %Pqﬁctq:lf}['ﬂpqlﬂa@e#? 2 0hNBle soil

hand, there i's known a Itlvatl hod ca

"dri at " %?gg S

of sgi% ]?I vﬂa%]o%%{{ér:}h? 'S rretca Cscfbfdgfj &?eﬁr@gé@?lgz%cr)es not
Conp%gl%‘gece& eqyidied By thengl RBL- ane @}éﬁ%@él%eltf‘eaccumulated

plant” 1 n an approprlate amount only when necessary.

The dirj pHeerdd et | @it Si s id¥d B HFb&do the surface of
fertlllzatlon t echni que whi ch invol ves di sposing a

dripd |dh£l5_1ei{1dscfieﬁdédlﬂl@ldﬁlt rigeted s uid, f LB are
a flui eedlng faci ity while performng a

real AdtresdRsEenenteied ddel aan:, tadSedd, aleach out of the
fertilizer and noisture in the soil, wherein the

nut rigenit] fdnd 0088 ad PSurapE OPr | Edree AfidhEt Sof not

only nitrogen, phosphoric acid and potassium but also

5 m cfoouglr i edrrégapanantad sospebeas thel olMpwieguipretlems .

by the plant. The basic features of drip fertigation

are hsrfgdtdiows.of a plant is performed once in several days
using a large amount of water, and the soil tends to be-
come too moist immediately after the irrigation, but be-
comes dry just before the next irrigation. Thus, the
water stress applied to the plant is difficult to con-
trol and, therefore, a high quality plant, such as a
plant having high sugar content, is difficult to produce.
[0014] On the other hand, there is known a cultivation
method called “drip fertigation” which exploits the ad-
vantages of soil cultivation. In this method, only fer-
tilizer 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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[0015] 1) No basal fertilizer is used (however, or-
ganic materials and soil conditioners may be applied
for 10 nmamintaining and inproving physi ochen ca
properties of and m croorgani smcontent of the soil).
2) Irrigation and fertilization are perforned every
day. 3) Appropri- ate irrigation’ and fertilization are
performed based on the results of neasurenents of the

nut rig ggqolrff g}ret];afiqlrznélﬁjé Vae“ g%éﬁtty{n% Cr?@és?@n?%méﬁt '5f the con-

IS na as da conposi

mat ¢ é}&fg 330 rH,ItE a?esrorﬂd %1&%%@ J(.)IE ihe QJ)Jfaft wherein

and es no con aln unneces- conmpone

) Uit ! AL Ao R Sl ot o
i qui ffrglefag%n Wﬁ%‘?en £y E%wgsmng bhe a1so

bl ending ratio of t i zer conpo- nent

6) Anfil QRS eds Qe %aa&zoagl&gléb&n) af@(?@.{red by

of irrigation and fertilization. 7) Use is made

i rriGald g dithe qRUCBads of BRaonedl lgd gl Feldf | "o)n are
whi ch is capable of uniformly irrigating the

fiel ds [L&dwdAs expl ai ned above, contrary to the soH
culti- vation, the drip fertigation reduces the

anounteo 1f]] the) ferbhkhzefeandlvater iandsebhqhefier, or-
aneliorates the 5 growth arrests caused by salts

accurgdratcednatie il s Wnd faeel aforidie: Sonérs i s , apheied for

drip fertigation is ad- vantageous for reducing the

gr oumciatterirciont amd atnprov e SeEty o Exe@rssSal eproperties of

fertilization. However, the drip
and microorganism content of the scil). 2) Irrigation
and fertilization are performed every day. 3) Appropri-
ate irrigation and fertilization are performed based on
the results of measurements of the nutrient content and
the moisture content. 4) Use is made of a fertilizer
which has a composition matching the nutrient absocrption
ratio of the plant and which does not contain unneces-
sary components. 5) Use is made of a liquid fertilizer
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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fertigation is not useful for preventing the soil sick
10 ness acconpanyi ng sequential cropping which is
caused by the direct contact between the plant roots
and the soil, and the agrochem cal contam nation
caused by residual agrochemcals in the soil
Non- pat ent docunent 1: "Youeki Dbkou Saibai no Riron
to 15 Jissai (Theory and Practice of Drip
Fertiéﬁ%ﬂ‘”?fel, ages 2-18; edited by Hi roshi Aoki,
Kenj i "Umezu "and Shinichi  Ono; published by Sei bundo
Shi nk }!n gngxégglnehog£%beﬁoEo%%&%&&gt%h%he goil culti-
pf yi ng t'he

above-TENt| one ens accom panyl

conventd onal Sl g ol t4dat A0 A EPLE En€Oamounts of the
il devel

tigation ere has ‘been oped a cultivation
syst i . i L1 j on" 14 £ th
" hydrefg)gpl‘c:)tﬁil cjgﬁafr n&t e %ut%@’nf&%‘%%‘%{%&%%l t?@%\t%%ﬁ? s ©

gr oungd-&hc & P aitts @é&é&ﬁ al o0 HYa S 2PORT £t BRE sur-

(bed)” for storing a nutri flurd therein and,

theref i, of hiife SYSIEM i rdneUbHRNG@lY Ve dFoyddiA is ad-
the probl ens acconpanying the 9 soil cultivation and

the drdt{LLdiatdONreddiBhy the gL @NhPeti 8An€imiALion
soil with the nutrient fluid and the infection of the

pl antcfuead oy hexEoHsd B ned £€li BD2At i oh 00 Hidwdieveathe drip
the nutrient fluid cultivation is dis 5 advant ageous

not ofdyidativi id MeguisesuB fydrepeonest itankhébed)l sick-
and bed supports which per se are expensive, but also

i n thedsd hecdpmisapeing $edkemetas ¢topeing-wkiahl £6 caused by

hori zontally without inclination, which requires a

| ar gecloditeaf cwmstact between the plant roots and the soil,
and the agrochemical contamination caused by residual
agrochemicals in the soil.
Non-patent document 1: “Youeki Dokou Saibai no Riron to
Jissai (Theory and Practice of Drip Fertigation)”, pages
2-18; edited by Hiroshi Acki, Kenji Umezu and Shinichi
Cno; published by Seibundo Shinkosha in June 2001.
[0017] For solving the above-mentioned problems accom-
panying the conventional soil cultivation and drip fer-
tigation, there has been developed a cultivation system
called “nutrient fluid cultivation” or “hydroponics”.
In the nutrient fluid cultivation, ground and a plant
are separated by a hydroponic tank (bed) for storing a
nutrient fluid therein and, therefore, this system is

substantially free from the problems accompanying the



10

15

20

25

10 [0019] Further, since plant roots are directly im
mersed in a nutrient fluid, contam nation of the
nutri- ent fluid with bacteria, viruses and the like
easily re- sults in contam nation of the plant.
Therefore, this cultivation systemrequires the use
of an expensive fa 15 cility forgcirculating,
sterilizing and filtering the nutrient fluid.

Furt N ; i ' f cln ot
nﬂtr r :%1 1 ?clq‘l[jkll%dl r etsllu S Ilic‘dnq{}'éegkdlg]lfﬁ\?\fb retgloggé %%@S,ng?lc% the
| [ f | £ I f
of Ut ey A £ e It A S B g A TEAYRE ana
¢ oy ) ! oo v . .
ﬁiy;heé%éal%i ty pi ant I@Ejv\h%%a‘?%]gg :‘%%galﬁl%L%%g?n&yf%@%ﬁ&d soil.
Furt hgyg1 s aHB%QQE?U‘EHE"HHFﬁgfgggf?@ﬁﬁp%hltﬁwﬁﬁhon is dis-

productions by the nutrient ult1Tvation

uti | iZdRthidehge oW1 Pfiputndenfc fldndi #0& a hydroponic
cultivat 2577 ng a plant wthin a short péeriod of tine,

the sQidk cCtled)O ardd Bd HUFASSHP AN £ch Byet afdea AdDMM Snsive,
of fertilization and irrigation, and the drip

fertigad iz0nso tiierehpan e hypprigaied saheatddadazarse in-

probl em caused by nitrate ni- trogen accumulated in a

hi gh soeidesd rtadd iforita PlyankSshoute sireel fhdtyideafwhich requires

veget abl es, such as spinach and salad |[|eaf. [0021]

Sal ac |leafge smoacth camhdddte. |1 ke may contain high

concentrations of nitrates in petioles which are

edi bl @It s Fhetket, AintcerplentSroomweateddimeatdyniim-

10 trite upon reaction with saliva, which nitrite in

turnmersed in a nutrient fluid, contamination of the nutri-
ent fluid with bacteria, viruses and the like easily re-
sults in contamination of the plant. Therefore, this
cultivation system requires the use of an expensive fa-
¢ility 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.
[06020] 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 periecd of time, the soil cul-
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Is converted into a carcinogenic nitrosam ne during

the digestion process. Therefore, the nitrate content

of vegetables is becom ng one of the inportant

criteria for quality of vegetables, and there is a

demand for vegeta 15 bles having a low nitrate

content. Disclosure of the Inv ion Problens to be

Sol ved by the Invention [0022] The task of the present

i nvent. ig t [, de t ' L0 :
nt4 ich a?gc%#?@%rglea%gt& ?lﬂ alﬁéﬁdtﬁ%gg%# eﬁesfélfi FMtion

which s free _ _ I one (
2%;‘1" B e R ;ﬁﬁeﬁﬁﬁ%ﬁ%ﬁ#wfﬁbo‘é@%? [an be
ext oA LS kg, ol E e SN W B O e -

sol vi : i I '
t¥hddif aa&q}fﬁldll % %2{1}??“5%% ﬁéa?n?ﬁgtf‘aff&tﬂ In plants,

11 has unexpecte

abovesdmiti pned 1Y OB LTede S@tyeds bypflach and salad

I nexpensive cultivation systemwhich conprises a

wat erpdgmper neabl e material, a nonporous hydrophilic

film a water absorbing material 5 di sposed between

t he wegeri]i npsemeableatat QFiiﬁhcﬁndnﬁthenQrﬂk@r @4 contain
hydrophilic film a neans for supplying water or a

nut riteigh fascbrdtrdthiovatef mbsoiteangiapetidles aldich are
neans for feeding water or a nutrient fluid to the up-

per sdlieoled padrwet drperents. hydmdphiatiec ifd lcanwderesd ninto a ni-
the 10 system does not use a hydroponic tank used in a

nut r itanitte fupord w2 dt ket ivinctlangh 1 ivenceyh tein mi spebsein turn
with an ex- pensive construction work for installing

t he Maraapomrted into a carcinogenic nitrosamine during the

digestion process. Therefore, the nitrate content of
vegetables is becoming one of the important criteria for
quality of vegetables, and there is a demand for vegeta-

bles having a low nitrate content.

Disclosure of the Invention

Problems to be Solved 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 cul-
tivation, the soil cultivation and the drip fertigation.
[0023] In this situation, the present inventors have

made extensive and intensive studies with a view toward

solving the above-mentioned prcblems. As a result, it
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tank. [00241 In one enbodi nent of the present
invention, the 15 water inperneable material of the
plant cultivation sys- temis disposed on ground soi
for maintaining a plant separated fromthe soil, and
an irrigation nmeans is pro- vided so as to feed water
or a nutrient fluid to the nonh%%ous hydrophilic film
t hrough a water absorbing ma 20 terial disposed on the

ten, &l - f_Lhi .
L AR I, e i
b | | g 'the
U e | e S o BBlneiflye syjrivation

namel b d g, 'ilcc}ﬁicfég%;}assé}gcﬁmﬂgmg%%ﬂi@%é@érial, a

25 croppi ng y pat acteria and

12 nRMHOGRSs Il dirsoi e 4002515 Ther &l alsorbing material

cul tivation syst'em of the present in- vention Is also

advaniageouss igediadn SdGedde fMSndip1 P! RES- P "End the
cultivated by the systemof the present in 5 vention

are Ridpdied Hraksprseras af £n f rPMiddes gf%nggp$l)§}ing water

by the above-nenti oned water inperneable materia and

t he nanporaus e ophidd ccd itHR wdtdecomBSripDs§idd€erial, and
to prevent the contam nation of the plants wt

resi dllalearagrfsh efd il sy antt d Mot | Kenwdk Cén@ar €191 @Sedtthe up-

in the 10 ground soil. [0026] The plant cultivation

syst erawfsidee gf asentndnpomand ilopdgsh51id | £an0) helierein the

advantage in that the | eakage of fertilizers and

wat ersyattemn tdreeggroamndussoid lgadrdigonic tank used in a nutrient
fluid cultivation and, hence, can dispense with an ex-
pensive construction work for installing the hydroponic
tank.
[0024] In one embodiment of the present invention, the
water impermeable material of the plant cultivation sys-
tem is disposed on ground soil for maintaining a plant
separated from the soil, and an irrigation means is pro-
vided so as to feed water or a nutrient fluid to the
nonporous hydrophilic film through a water absorbing ma-
terial disposed on the water impermeable material. The
system of this embodiment is capable of freeing plant
roots from the problems accompanying the conventional
scil cultivation and the conventional drip fertigation,

namely the soil sickness accompanying the sequential

cropping which is caused by pathogenic bacteria and
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prevented by the above-nentioned water inperneable
mate 15 rial, thereby preventing the accunul ati on of
salts in the soil and the | eaching out of the
fertilizers from the system [0027] The plant
cultivation systemof the present_in- vention has
still another advantage in that,l%y di spos- 20 ing a
smal | amount of foreign soil on the nonporous hy

g][ optg&%nlé%(ﬁéénﬁpohgg :‘A%%;ﬂ'_vel y feeding small anounts

Izer an er to the foreign soil, it

beco 7 Zﬂoss&‘g}%eptlg.n% EGQWi%altlﬂf)npré L& %fhitgl%l grzl:te.sent in-

c
qual i pl ant applying water stress to the

25 [ Q28] ddhe plandg ?éﬂ%g.éé#§g%%e@ﬁgg,tgfn@%e§ﬁéaroots of

in 13 vention has sti ano antage I n that the

Pl anto1 Slld i@t oreoyst i GRPARL o 0Lt dfCo£a8hO0pEEen: in-

nitrate nitrogen content of e cultivated plan

bodi agentSi deanse tigs S0 ¥Endder Frod! 852 1 H028] rASmathe ground

result of the intensive and extensive studies, the

preseddil MKeNKY SalWe- e rde dOYSt e PhEmpdpiBaele tidterial
pl ant roots can be substantially integrated with a

nonpalScHY diigbbtdgs fhydrdbiol 1 ExapPle, Bt Podyorés Bodssible
film. As a result of further studies on such a
phenarensrevdite {e Sedtt et D65 dBviehal stahosndithatesidual

the plant roots which are substantially integrated

Wi t h ad e ennjpes osisariny delophl 1 ke whi ¢h asiee capaddet oin the

absorbing, through the film fertilizer conponents

and wataamd rsoola. 15 nutrient fluid which is in contact

with the film
[C026] The plant cultivation system of the present in-
vention has still another advantage in that the leakage
of fertilizers and water into the ground soil can be
prevented by the above-mentioned water impermeable mate-
rial, thereby 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 in-



10

15

20

25

wherein the fertilizer conponents and water are
absorbed in respective anbunts necessary for plant
grow h. The present inventors have al so found that,
for absorbing the water and the fertilizer conmponents
through the film 20 a plant having its roots
integrated with the film grows ¥ vast anount of root
hairs, and the root hairs enable an efficient

absor.pt | f ter,~fertilizer t i

tho 1V R TrE bR R SHANEE o FOPRERFE B ey BfF plenc

I n addiy [ t:dn Vv : (g

the (bl nE ol net Ly oy & nTTTOn TTure Tofhad e nitrate
nonpgf QU dwdr apiida € & | Mhd nedhes fRsEACSE1 Qhe 2pBYHES:

poni ¢ tank” (which 1s used for accommobdating water or a
nutrient fluid and cultivating a plant therein) is ad-

vant ageous for achieving the tasks of the present

I nvernvéard ofsy ddesPresent-bpveand i on has been conpl et ed

based on tThese novel t1indings. [0031] The pl ant

cul tipadaon syst amrelutiite off @ RNt nitRm et i@/ ek tRasadre

on the above-nentioned findings. Spe- cifically, the

syst esmdidde fieserdsémy eltvont:tBs Batd found a novel phe-
characteristic that a plant body to be cultivated is

pl acatbmemen neigpo rplenthycsophi dats bHe | subapant eadl ysubtegrated
stantially integrating with plant roots, wherein the
nonporitis dysropdrdus hydiroplsi Hispbsed ¢fion #mbdeple, a poly-
i nper- neable material directly or through a water
absormengt iBnat é&ys & mwispdsed durtthemedtsrdies on such a

i nperneabl e material. [0032] The present invention

al so pheowerer, pthdtpresent inventors have also found that

the plant roots which are substantially integrated with
the nonporcous hydrophilic film are capable of absorbing,
through the film, fertilizer components and water from a
nutrient fluid which is in contact with the film,
wherein the fertilizer components and water are absorbed
in respective amounts necessary for plant growth. The
present inventors have also found that, for absorbing
the water and the fertilizer components thrcocugh the film,
a plant having its roots integrated with the film grows
a vast amcunt of root hairs, and the root hairs enable
an efficient absorption of water, fertilizer components,
air and the like from the surroundings of 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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cultivation system wherein water or a nutrient fluid
is supplied by an irrigation neans to the water
absorbing material which is disposed between the

wat er inperneable 20 material and the nonporous
hydrophilic film [0033] The present invention also
provides a plant cultivation sy%%enl wherein a pl ant
cul tivation support and a plant body are disposed on

L e e
CU|tH¥§ﬁi@nt f@%u¥@e{§|us pk@Pta€g ﬁgﬁgtﬁng water or a

mul ¢ h1 ng

i Mper.yi ops ﬁ@ Q%L%f(ﬁl ?p?ulﬂf%%%@?oée lQHt“Eﬁereln) is ad-

nonpor ous ydr m present

' nven&éxgpaﬁil?s Itof]&*_”Q i@vPh@ntne CykikLVaE! Qﬂesﬁﬁﬁg%t inven-

wher ei n e su stantlal I nte- gration of

pl antt {99t s Md b MONRRFAHS 4ty HLs Hgﬁﬂ'ébﬁﬁiéﬂed based on
water and/or a nutrient fluid is appropri- ately fed

to th@héggm%o§égefpﬁd1ﬁ$snonporous hydrophilic film
10 Effects of the Invention [0036] The pl ant

culti y@é3on sysleeplRad ReultfieraAlre syt U Ghe present in-
constructi on does not need a hydroponic tank use

t he cesweidn onglbaséq derthgasbovef@ensioneagfanddngs. Spe-
nutrient fluid and, hence, can dispense with an expen-

Si ve chfis¢a Ly orhawskston dAsthél pngséhe bydenpdonchas a

tank. Thus, the present invention provides an econom -
characteristic that a plant bedy to be cultivated is
placed on a nonporous hydrophilic film capable of sub-
stantially integrating with plant rcots, wherein the
nonporous hydrophilic film 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 tc the water absorbing
material which is disposed between the water impermeable
material and the nonporous hydrophilic film.
[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 f£ilm.

[0034] The present invention also provides a plant
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cal plant cultivation system [0037] According to the

present invention, the nonpor- 20 ous hydrophilic film
(and the water inperneable mate- rial) maintains the

pl ant roots separated fromthe ground soil to prevent
the direct contact between the roots and the soil

Even when the soil is contam nat W t h pat hogenic

m croorgani sms and pat hogeni c bacteria, 25 the

m cr [ ggéﬁeri o) oSt t h -
nonpgggus Fygﬁﬁgﬂ€¥|c 1I$§$§ng t%égmat%rﬁéggggﬂéagléglChlng
mat er ¢ rﬂ'oghﬁﬁféﬂr?%etﬁ e PLOP RS, hydr éH%ﬂ&é'E‘b water
(and the water 1npertfreable materia prevents the con-

tact deelrd Nei 08 Sq and {he MBEEORse8MsaBoBRic film.
bact e ria, so that the soil sickness acconpanyi ng

the s tirgk eHeBRNRY iAhetdens a0aR R AMALLLE plant
[ 0038] Further, even when the ground soil is contam -

nat eceby: -85t thial s pe ke heh&pd sn andrtde thkesubB€antial inte-
system of the present invention is capable of

r educgx 1die &ﬂnthéq]::la’zlrﬁl‘& Nedbes Wit enéthyabetdols anidro-
by mal ntaining the plant roots separated fromthe sol

by t hshioipof Ous, hyat&lf aphd )b 4 i hat £ beade t heuvat €5 appropri -
i nperneable material). [0039] In the present

I nverdti«aly fd@ntd hehevaigper ngpbde dRabhe mahpstralsi Sydrophilic
di sposed on the ground soil, the wa 15 ter inperneable

mat erfialmprevents the nutrient fluid and the Iike

(fed to the water absorbing material disposed between

t he nonporous hydrophilic filmand the water im

pernmeable material) frommgrating into the ground
soj | .Effects of the Invention

[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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Therefore, the systemof the present invention not
only 20 prevents the salt accunul ation and the
groundwat er con- tam nation, but also |owers the
cultivation costs by enabling an efficient use of
preci ous water and reducing the amount of fertilizers
used. [0040] Further, even when &l ts are accunul at ed
at the 25 surface of the ground, the presence of the

Fromisatag o pRERRE AT S RO EHS S5 Hiegrmeapie
1 GBS e ELetosonr b "POBAET i AT e £itm
\(/:\glt Ealr(\ég{d{r CeEglseséﬁégp | egfq%éﬁ%ﬁegnta%%]%i%f)nf:éﬁo%ﬁ%%dthe cons
ﬁsgrg%hc?‘cleirk%:éfl .r#yﬁtkﬁéé:%{)d}ge%cwtn%@t ie pro -%It?#%?}so nd bacte-
a hi gh guald tehf aie 4&%@i&ﬂé§?racé%§é}%{ﬂﬁfﬁ§% sequen-

invention, the nitrogen 10 nitrate content of

cul tigsatied RANnS At R £AS | van doCTBASEEL40 a | arge

extent by either of the followng nethods: a nethod

whi chiozorqr | sesrtpedi ngveRi whgnWaher g2bone sba 1t ke contami-
| ower surface of the nonporous hydrophilic film 15

and freetid @ re@ldusiniifitodentt duild iand {hali Tik®, tfige system

upper side of the nonporous hydrophilic filmwhile

pre- off stey madml limgeritheortoisescagublé hgsedicime the con-

feeding, and, in a later stage of cultivation,

changiangiitateionu-oft rd enil dfiwdtced qoll dritorby hea Lippein smglethe

to water alone; and
plant roots separated from the soil by the nonporous hy-
drophilic film (and the water impermeable material).
[0039] In the present invention, when the water imper-
meable material is disposed on the ground scil, the wa-
ter impermeable material prevents the nutrient fluid and
the like (fed to the water absorbing material disposed
between the nonporous hydrophilic film and the water im-
permeable material) from migrating 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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20 a nmet hod which conprises feeding a nutrient fluid
to the | ower surface of the nonporous hydrophilic

film and feeding water alone to the upper side of

t he nonpor- ous hydrophilic film [0043] In the system
of the present invention, from 25 the viewoint of
ease in controlling the feeding bf wa 18 ter or a
nutrient fluid to either the | ower surface or upper

L T RS (8 AT i s
f eedi \A !
S SRR AT AR LN s

pl ai ned dg sdaelttﬁéélhé)é' ﬁ@@éﬁé@%gﬁmﬁ@%t%ﬁ %gegﬁggt growth.

drawings. Int expl anati ons oW, eac erns

"partfy "%&nrgﬂéeﬁﬁah§.@uﬁgﬁbﬁgg%%fgg%%ema%%’the present

unl ess 10 otherw se specifie I ant

cul ti MAMAY Y SHEE Jiep eyl byl SYEEEM Pint being
the present inven- tion is used for cultivating a

Pl antc It B RUP VLY Hd Ve BlF L1 1F ddh o BIEG COPPFLS @Sonpor -
a nonporous hydrophilic 15 filmand a neans for

f eedidigs Wakd@fopHi Bi AUt T it Hdreish, dab NEnd OMBE production of
surface of the nonporous hydrophilic film in the

absencerifh aplwdirtopasiiant ank for acconmodating wat er

or a nutrient fluid and cultivating a plant there- in.

20 [OpMB]2]Fi gFutthera sahenmt beeeeass-iseentdaal, thewnitrogen

of an exanple of a basic enbodi nent of the plant

cul tinds&zrate content of the cultivated plant can be easily
decreased to a large extent by either of the following
methods:

a method which comprises feeding mainly water alone
to the lower surface of the nonporous hydrophilic film
and feeding a small amount of a nutrient fluid to the
upper side of the nonporous hydrophilic f£ilm 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 nonporcus hydrophilic film,
and feeding water alone to the upper side of the nonpor-
ous hydrophilic film.

[0043] In the system of the present invention, from

the viewpoint of ease in controlling the feeding of wa-
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tion systemof the present invention. As apparent from
Fig. 1, in this enbodi nent, nonporous hydrophilic film
1 for placing a plant body thereon is di sposed on

wat er 25 inperneable material 2. 19 [0047] (O her
enbodinment 1) Fig. 2 is a schematic cross-sectiona
view of an exanple of another ehbodi nent of the plant
cultivation systemof the present invention. As

SPPUELL L1 Mty h 43 SO0 TBRL. O8I PRe oo
I Bl LA O ORI UL S8 L E0RECL: 56 pre-

nonpoféjfjrse&yt% OLP& lti_l"fe géér%a?’ldiéd d‘i‘dc’zp%eg?be ah OPSEth feeding.
such irrigation nmeans I s advant ageous for 1
effectively feeding a nutrient fluid to the nonporous

hydrophilic film 1. [0048] (Additional components) In

the oihodivi sl ity e fupl fudesried, plant

cul ti _ _ vapo- 15

rati ofp®4PPr esek-@RnfREeW, akhe (Pe@ent! N@vention will be ex-
bel ow menti oned nul ching material) which is either

| Mperyl HUse O el ra PEIM Qisk 119y Wad £L - &RPOT t BYhDEappended
di sposed on or above the nonporous hydrophilic fil'm

1. Therdisendd. sush teeaRMAanatAbnEl HY1RNS hdRtEr ittle terms
5 enabl es water vapor evapo 20 rating fromthe

nonporgiisc hyHdphi | | Leidderdrd N ordthibo PASOSPHRIRa£S, unless
be condensed on the surface of the evapo- ration
suppredsd on setgsedd fbedr i nside the plant culti-

[0045] (Plant cultivation 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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vation support 4, thereby allowing the plant to
utilize the water condensed fromthe water vapor.
Further, dis 25 position of the water absorbing
material 8 (such as a 20 nonwoven fabric) bel ow the
nonporous hydrophilic film21 enables a uniform
feeding of the nutrient fluid tol¥he nonporous
hydrophilic film 1. [0049] Further, if desired,

irri i me 0 nip tube) for

: nt Ie?ﬁ%sé?glnt I 3[&&&( %H%\ﬁadtlén%n%rq | ﬁu- tri) ent fluid may

be di sposegd. on .or. abov 0 [ § 1]

fim i THe g oBod of fe i bEn R GES < q UL 8B 4 ew of an

irri ' i d r Nf,-+LE :

vt er L o ot e L AREME LE S BUPPLETE LR Effar son
ien r Lliz ent téﬁ?%k' :

fhe q%*%%? t foﬁgﬁ éﬁ%éé%%pgégﬁgggﬁgiop L1 |%¢%k§&om Fig.
[ 00501, I 1 addi & | Owod{m&es! I £elvi §h 810X PRhEYhEI3MRaNS. 7 a drip
(e.g., avalve) for intermttentTy spraying water, ~a

nu- téwed dhdli GhOdr BadsdHb £y ags 0eheM cal (8QEH L8Na nonwoven
may be 15 provided above the cultivation region

cont aidhidct here NQIPSESLS By dERONAE6rf LhPimedBe USBterial 2,
of the m st spraying nmeans 7 is advantageous in that

it enadesupdie tRelt aombdLBuOf hpdrbPhel Ikt EeDh $PiaYHNSposed.
of: water for cooling, especially during sunmer
seasdriss wsdUbf i @ndh 20rf1ghelidormeans i ngishedvantageous for
envi ronnent and for feeding fer- tilizer conponents in
the faffeofivelpl fesdigy ay; nandienat fIubdbd Bonthéi adhporous
fluid containing an agrochem cal for crop-dusting.
The condtopitilon OIilmhk. syst em depi ct ed

[0048] (Additional components)

In the embodiment depicted in Fig. 2, 1f desired,
plant cultivation support 4 (such as soil) and/or evapo-
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 £ilm 1. The use of such evapora-
tion suppressiocn material 5 enables water vapor evapo-
rating frem 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, disg-

position of the water absorbing material 8 {such as a
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in Fig. 2 is substantially the sane as that shown in
Fig. 25 1 except for the additional features expl ai ned
above. 21 [0051] (Another enbodinment 2) Fig. 3 is a
schemati c cross-sectional view of an exanple of

anot her enbodi rent of the plant I'tivation system of
the present invention. As apparé€ fromFig. 53, in
this enbodi nent, water inperneable material 2 is

p|aCEQ% véﬁ"f@ﬁ@ﬂ@ | €ne S5 elg%ﬁpé?o@ﬁeﬁg Séﬂlﬁic film 1

ridg avi ng a predeterm ned on t
SOi | . endh S4Ch &If&'ﬂﬁ féé’&ﬂ?ﬁ' Oy Lhe MBLtefent fluid to the

i nperneable mate- rial 2) is placed nonporous

hydr apdyid £oild | 1y drope! £ Ne A peri pheral portions of
t he nonporous hydrophilic film21l are folded downward

SO as[d®u PNy FeioWhed! ONG HRR iTedES i refi dr @@ns 6 (e.g.,

formed by the water |nperneable material 2. For

preventdp thgpd) afdr CLht &l t BN SUPPPELdIngGf WAL EX-0r a nu-
anpl e, soil) disposed on the film1l fromfalling off

the loriémiger foiduafaPpybé heiywdeedi spesieabbee "Bher héhporous

2, re- taining wall 9 for holding the plant

cul t ivadtraphsuppofilm handhe alirsgics it ivgh vl |sumdeimfermit -

a plastics material, wood or the like, is disposed on

the ftémn 1isuidat hat meamgaps f be ddvamnggaatsr fos supplement-
formed between the nonporous 20 hydrophilic film1 and

t he rie@iwaer vt | f&rt Byitée coepoménsscwhenr eharai hg a defi-
wal | , even when the systemof the present invention

i s usebeney dobreawey hout fart bl hzehetompenefsachakgnain by the
pol ytunnel ), excess water can be renoved fromthe

upperbEinfe %hIQW@hnbh©om@®BOh9@$o@ﬁdI@EhilLﬁwillm

[0050] In addition, if desired, mist spraying 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 i1s 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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25 during the rain, thereby enabling cultivation under

con 22 ditions which are simlar to those inside a

facility, such as a greenhouse. The construction of

the system depicted in Fig. 3 is substantially the

same as that shown in Fig. 2 except for the features

expl ai ned above. 5 [0052] (NUIéHing material) In the

present invention, the so-called "mulching" can be

prefe us " Lng” ns a material,

such ggﬁg“filﬁgnﬁgﬁgﬁ ggkég%ﬁggang?ound the root, stem

and the |ike of la r ovi.di eCt | :

agai nst 1 e‘at3, %csglad ,rgc(ﬁe%aetrs{sc? delfgc. 'I%(re%lscg{% n%luec% %f an

mul ct%'}géq]' V. panhang et VEvat
t€§.§¥kéﬁ%§f5¥¥§ﬁ SHi rB%rﬁhéégﬁéﬁ{ Gl ation

use o e systemof t present

I nvent,jon, EH_Igr'rFﬂ% I uid mgr. j :

t he ncgr1porn%\l/}€f ﬁ{/hrg{rﬁ! |ci [ nrgllé%‘lthlﬂg? pmeltrﬂ{eqsrom Fig.
upperssi dg ofh ek BImd iR 1R eaR Eri@dSld dhatePlal 2 is
fromthe water absorbing mate- rial "8 di sposed on the

vat erplidme Mabl @y el@inille 2 AWling 148N dHeyet ST £&Fm a
the nutrient fluid is absorbed by the plant roots

Whi chridde iIHHeHPtL préddt dRgifdd Mdi ghoVen eves , gPound soil.
part of the water or the nutrient fluid is 20 likely

to berl asictbys evappy affdidd BheKOrwa Odr Wah s rmyPDE mate-
fromthe surface of the nonporous hydrophilic film 1.

For stipr es)siig pladed haso@asss Mpitdghiaierfibas1, wherein
caused by the evaporation of water into the

at nogpgheiherd heosttricice of the dodppAoyorhydeosiollic film 1
provi ded thereon 25 as a plant cultivation support)

may leerecdicerdetl widvmwaied so as to hang down along the sides

of the ridge formed by the water impermeable material 2.
For 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 ¢ 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
of such a retaining wall, even when the gystem 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-



23 mulching material 5. The covering wth the

mul ching ma- terial 5 enables water vapor to be
condensed on the sur- face of the nmulching material 5
or in the plant cultiva- tion support so that the
plant can utilize the water 5 condensed fromthe water
vapor. [0054] (lrrigation nean Irrigation neans 3
and 6 (e.g., drip tubes) are ca- pable of

|t ergg 1 &0 | Ged) %ﬁﬁaprt@ QgL olha 1 LU dedsascy,

smal | ses to a plan vation support

3t I(:ngl‘gyf:l on 0% ﬁ?&r&{%@l ng aCtI on Oflﬁ:n:ﬁ-e Sg% EH@ system

cul tiyati onefi. Ipig"mtB Thes 305 Cah¢ £ 1 getlﬁ’eté'g’[ﬁe as that

which “i's an exanpl®e of the Irrigation ans usable in

the pigswrsert #iyen i o ﬁéﬂe&@@eﬁeéﬁufééa@&p!\@fﬁéd above.
water is 15 precious, and can be used for feeding only

m ni muygsAounis1ehiwagt fatardafigrtilizers required for
plant growth by dripirrigation. [0055] (M st

sprayi ng neanshe [Biddehtgr aenhotssh Culhéd Vad | @41 1 sdath@Bching”
and ventila- 20 tion may be i nsufficient as

count@dnirass Usesf @geb gt udegh  TeNpeiel ¢hitngirégns a material,
sunmer seasons, whereas the use of an air conditioner

my iorlease 4 heilnergyicosis 4wl Ceditarowadi tige aroot, stem

pl ant. For solving these problens, m st spray- ing

meansayd neye bei e avi decolanapbdy phevidical pedtarsioRbagainst

shower to the plant. The m st shower is a spray of at

24 heat, ccld, dryness, etc. The use of such a mulching is
advantageous for enhancing the effective use of water.
[0053] In the system of the present invention, water
or a nutrient fluid migrates into the nonporcus 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 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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om zed wat er conposed of very small particles, which
is wuseful for cooling of the air by renoving heat of
evapo- ration fromthe air. The m st sprayi ng means
can be wused as not only a cooler, but also a device
for foliar 5 feeding and/or crop-dusting. The spraying
of water con- taining fertilizer% and/ or agrochem cal s
by the m st spraying neans may result in | abor

savi 14100061 L FLant, cul tiyation sv.sfem; {1€ mulching ma-
1a?ep Clﬁ%{ JtlggnJ?L SYs

present 1 nvention, | ant Iva em may

have j S t n

L2 RLAEL R0 RS Spc CEVREP. 00 MORAEned bR sur-
Hereifgg% I ' Nodh = d i va-
enbo |nen?gﬁJ?ﬁgﬁgﬁgﬁgﬁaiéﬁ%??€g€?oﬁ %%s?%ﬁ%ﬁﬁi%ﬁéﬁgrgU1tlva
adVa”E?&?%;ﬁ&ft achi @yl nor hbe, char acl gri st 1 §,6f tﬂ? water
fects of the present Invention, such as om ssion o

COStSc$ﬁﬁeﬁ@b&xﬂﬁ&§i@ﬁbC#éﬁéfa$é§8r¥ank and supports
thereof, and construction work for |eveling the tank;

prevepfasdy of (rheis@itliohl @eRess acconpanying
sequential cropping, agrochem cal contam nation,

gr oundwat efr€0dh 24brt afiédlad | Praddlds Sad fgaccapupatiib8sptare ca-
the surface of the ground; production of a high

qual i pabpd adt ; i@ h DYEEMODy Déedtgnwitaeteoni &ragepient
content of the plant. [0057] (Preferred plant
cul ti#ahidnisyshe ldosdxptanatpbant Scabtdévhyionksagport
reference to the 25 schematic cross-sectional view
shown(suckriags 2.chhttbhe Ss@bl andogroend, swal gy dhua enabling
nutrient fluid is fed fromthe
the utilization of the buffering action of the soil in
cultivation of a plant. The so-called “drip tube” which
is an example of the irrigation means usable in the pre-
sent invention was developed in Israel where water is
precious, and can be used for feeding only minimum
amounts of water and fertilizers required for plant
growth by drip irrigation.
[0055] (Mist spraying means)

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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irrigation neans 3 (e.g., a drip tube) to the upper
side of the water inperneable material 2 or to the
wat er ab- sorbing material 8 disposed on the water

i nperneable ma 5 terial 2, whereafter the water or the
nutrient fluid m- grates into the nonporous
hydrophilic film 1 di sposed on 2fther the water

i nperneabl e material 2 or the water ab- sorbing

Sl o8 Coma N e e 1
or iy . _has m ¢ | |

1 e SO e G4 g PR B o8 v
NUET i BI85 o | -Gy MEYe D21 A SPRREd %ﬁg%ﬂgf tfleans can be

nonporous hydro- philic fil'm1. The rrigation

means, & gnad! £t %1yeaf8§§i@9, Obu@ &PQ{;"Q' h&¢i880EBL foliar

of water or a nutri-" ent urd to the plant

cul ti vadd Ofy SARPAEE SréSUehs 88ng SOiThe &YkdPing of water con-

advant ageous for supplenenting water or a Tfertiilizer

CoOMpofneiv i Npefe +HET £zéBs dakl@f bBi £HEYcREMVBLEE LYl the mist
fertilizer conponent taken in by the plant through 20

the fépraking ORSD)s Rty Nessuty aper BAbOR S&PPhESSI ON

material 5 (e.g., a nmulching material) which is

ei t he[00BPEr Vi(@lantokudeivapdion @yStietm)wat er vapor nmay

be disposed in the plant cultivation system The use

of such evaporid i pre2dnis ujipvession, neterpbin® enablestion

wat er vapor evaporating 26 fromthe nonporous

hydr opsterc may nhdve ntarides attosetphese tompenents and parts

condensed either on the surface of the
as long as the system has the above-mentioned construc-
tiocn. Hereinbelow, explanaticons are made on the pre-
ferred embodiments of the plant cultivation system which
are advantageous for achieving the characteristic ef-
fects of the present invention, such as omission of
costs for an expensive cultivation tank and supports
thereof, and construction work for leveling the tank;
prevention of the soil sickness accompanying sequential
cropping, agrochemical 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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evaporation suppression material 5 or inside the plant
cultivation support 4 (e.g., soil), thereby all ow ng
the 5 plant to utilize the water condensed fromthe
wat er va- por. [0060] In addition, if desired, m st
spraying neans 7 (e.g., a valve)_ may be provided
above the nonporous hy- drophili<’film1 for
internittently spraying mater, a 10 nutrient fluid or

a di |yhed, qor éé& éf %tﬂ&{EiégE ff&l%fstEeéufPom the

m st spraylng nban eCones possl -

aut ongte Al § i qjq%[ﬁg ent ¢ gpiaylggdlo{ 1GhEf {8 che Jupper side

cool i'ng,  ‘especi al Ty duri Uhmer s€asons: a nutr]

flui & f qrpeoplidy il %p@me@mf@r ofeedi fgeffhter ab-

15 tilizer conponents Int formof a foliar spray;

and é’@}ﬂngfrmé:é‘ﬂdiil ety fd s g AM 3t b NG B0y impermeable ma-
agrochem cal for crop-dusting. [0061] (Preferred

pl ante Lri 41 VAL I e S5t €dR 20hd Nwd €r RELSERE hVLNEAONFIuid mi-
for reducing the amount 20 of a specific unfavorable

compofieited sueto asndind@bSrdhs dy&g@mlpp@tﬂimdll di8posed on

plant, it is basically preferre to feed only water

to theitdippertis deatdr g ONNOE DelSmatyei P2 | b £héMvdter ab-
(so as to prevent the accumul ation of nutrient

conpareiiit)g ndoveyedl ¢ or Fleetddig & Rrow e atfsorbing the

gration"” of the roots with the film21 which is defined

27 bedtowr ot tlee Miefeiemd fuicedhbomubas entgfiued into the

the |ower surface of the film1l. [0062] Wen an

excesSilwmount of water is fed to the
[0058] If desired, irrigation means 6 (e.g., a drip
tube) for intermittently feeding water or a nutrient
fluid may be disposed on or above the nonporous hydroc-
philic film 1. The use of irrigation means 6 enables
the feeding of a controlled amount of water or a nutri-
ent fluid to the plant cultivation support 4 (such as
soil) 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 evapocration

suppression material 5 enables water vapor evaporating



10

15

20

25

upper side of the film21 before the conpletion of the
5 "integration" of the roots and the film1, the plant
ab- sorbs water fromthe upper side of the filmwhich
is easier to absorb, thereby reducing the necessity
of ab- sorbing water fromthe [ower surface of the
film As a result, the integrati®n of the roots with
the filmtends 10 to becone difficult. Therefore,

the f

T PR e AR RTEL ¢ cEilhol g BT demos-
roosdPee 1 s KA NSt i Xnd Furaft ot e

i el T L A 5
P oL s ol A Yy AL 0057 oSl PL BB by ajlowing the
of the o 688Nie i VAN D Jf@&’éf‘%&ﬁ@eﬁ@é’ e PERt {RBCFater va-

construc- 20 tion, even in the absence of an expensive
hydr i c tank and supports thereof which are
necessary for the conventional nutrient fluid

cul ti medd@n an@n“ﬁ&@htﬁ@n,QEEr@és@r@ﬁﬁbﬁ&§9”§graying means 7
construction work for leveling the tank, it becones

possid &gt 0 Preverd) tey SKe | pEdbEkdes SaBSvACEREPAGNbOBous hy-
sequenti al cropping caused by pathogenic 28 bacteria

and nermdroidieisc | fi Iohel sfbt  Bitle rh Bt e €O agh A@y ihd OVa b¥r, a
resi dual agrochemcals in the soil. [0065] Further,
even mitermi &yad t81L e @i caundd hhesld adgtdehemicdnceodhitite. By
soil, the salts will not influence the
the use of such mist spraying means 7, it becomes possi-
ble to automate 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.
[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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5 growth of the plant because the soil does not get in
di- rect contact with the roots. In addition, in the
system of the present invention, ground soil is
covered with the water inperneable material 2 which
prevents water and a nutrient fluid fed to the upper
side of the film10 fromleakingZbut into the soil
Therefore, it becomes possible to prevent the

con ST 1501 O f S0k 80 SLQUBEN! T DL 1 o e
[ I by. -
can beogeeiLyeont ol e by ey ron, porous

the appédy ofikhe bl abdhs ehiheh gg@g&ﬂ% 184 to the

val ue (e.g., sugar content er eof

conventional ; $O1 Le ciihd i yaid on B@ﬁof’éiPh?fSEnHr;Qé §8R: of the
spread out

fertilizer conponents fed to ground so

thr oughn ¢ her O o4 o NERET PESE s EYRA E\Hénfﬁlﬁolﬂuﬁll&iefﬁlant ab-

fluid fed To the plant i1s changed to water at a |ater

st ages@fbd hfa et £ Vehi ORe PESHOH, sifle! S£dERET ¥lh whoeh is
decrease the fertilizer concentration of the soil and

decr easei dher Anadwsbriof théfabe PEHGOIRE £REBHBEEHsiBy of ab-
the plant body. Further, froma practical point of

Vi ew, sotb g i watks f fethithe Toadgestheadyt bEebhel FUlM. As a
in the tank to 29 water during the cultivation of a
pl antred@D6/] tK¥ iheegtiiet ohantl, théerpbast wetht tat FODm tends
system of the present invention has the foll ow ng
advantagescomentlyf ficsuht | arhmudfafe f e gh 9o | ro@egishave
to be used on 5 the nonporous hydrophilic film1; only
a snmethéemnoninegoited with the film 1, it is preferred to re-
frain from feeding an excess amount of water to the up-
per side of the film.
[0063] On the other hand, after the integration of the
roots with the film, the water/nutrient 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-
ticn, even in the absence of an expensive hydroponic
tank and supports thereof which are necessary for the
conventional nutrient fluid cultivation and which re-
quires a cumbersome construction work for leveling the

tank, it becomes possible to prevent the soil sickness

accompanying sequential cropping caused by pathogenic
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nutrient fluid or water needs to be fed to the upper
side of the film the nutrient fluid can be changed to
wat er during the cultivation of a plant; and the
amount of nitrate nitrogen remaining in the plant can
be very 10 easily decreased. [0068] (Feature of each
part of the system Fbrelnbelom? expl anation i s nmade
on the features of parts of the plant cultivation

syst { fbg ﬁgs unc%gdegefﬁlgﬁe ¥%ET gﬁapéfgnEocontamina—

such ur es f "necessar

o erens o i ang 5%5“—’???*59&5?% i “Bao8bbhacs
vent S7E5) POOREF RN BT A S s umiared ot the

p'ants&ﬂféééaéfthﬁyééfFWO{hetgélP §§T} h8 eﬂﬁf@ﬂe?ée the

characterized in t capa stanti a

!nteg§§5wgg Mft@héhﬁl@ﬁ@nﬁecéﬁgésthelQolmedEéESﬁBE get in di-
i nvention, whether or not a film is capable of

"substapt | @bhiabft ROFERIERE Wobbst herpl B 2hor 00 the system
can be determ ned by, for exanple, the below 3 30

nment i @neghe i pregent | DAvéRcion, Age6LHANGoLD thechiyBled with
ings of the present inventors, It is preferred that

the ¢hé vgeeabl @p&fme §bb§tﬁ@teﬁiéy pNRQERt pREVBhtE water
the plant roots"” has a specific bal ance between water

per meard adi hutyieme fouiperadabol thy (ppeerside of the film

perneability/ion perneability balance) which is

expl afned bedbingldutsinte the soil. Therefore, it becomes
possible to prevent the contamination of soil and
groundwater with the fertilizers. Further, since water
supply to the plant can be easily controlled by the non-
porous hydrophilic f£ilm, it becomes possible to improve
the quality of the plant by enriching the nutritive
value (e.g., sugar content) thereof.
[0066] In the conventional soil cultivation and drip
fertigation, fertilizer components fed to ground soil
spread out through the ground. Therefore, even when a
nutrient fluid 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 fluid in the tank to
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presuned that, when the film has such specific water
perneability/ion perneability bal ance, an excell ent
bal - ance between water perneability and nutrient
permeabil 10 ity which is nost appropriate for the
growh of a culti- vated plant (especially the growth
of the roots) can be easily ac i shed, and such an
excel | ent bal ance en- ables the substantia

i ntegratd o 4 0 | [ [0070] In
use g% t%qugé%é%?%ﬁgtégp%&%éké§ﬁi%%é%?%%%§t°a pl ant
absor fertll kLzar Al h r f. 1 t R4 etilgy
fim TGt B SESLSERSE Farel Tog: Faamsonsia psd o systen

to trETFﬁﬁgiﬁfgééﬂﬂkfﬁyéﬁﬂﬁgﬁ ﬁé&'ﬁ&@cﬁglgawiﬂg S$@intages:

(ion) perne Ity of the film It 1s preferred to use

20 a dhdimpavhdio b @i RSF NEGBE &t Vs 911 o8 M1 0ke used on
less in” terms of an electrical conductivity (EC)

di ff efienGeoigoRoudal PirSSthi NEc SO Uhi PN S By e slA€l Esmount of
difference i's de- termned by contacting water with a

sal i neutsei efitt oL uidrOHIatde hédds (¥bepei fed heoWBhEer upper
and the saline solu 25 tion are placed in respective

conpagideerds wie cfi Bfie SHe PartidhONETuby ¢&6 bél Bhanged to
and neasuring the EC of each of the water and the
sal i neatset Whioing ey scwaf t rathen Sf alitpDint heand the amount

contact, and calculating the difference in EC between
t he vat etitarakd helsaddgere sahatinimg Ihethsepbant samhba very
filmenables an appropriate feeding of water or a
fertiddgery stdanteasedo the roots, thereby easily
pronoting the integration of the roots with the film

[0068] (Feature of each part cf the system)

Hereinbelow, explanation is made on the features of
parts of the plant cultivation system of the present in-
vention. With respect to such features (or functions),
if necessary, reference can be made to the “Detailed de-
scription of the invention” and “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
roots”. 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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[0071] Film1 having a water inperneability of 10 cm
or nore, in terns of water pressure resistance, is
pref 10 erably used in the present invention. This is
because the use of such a film pronotes the
integration of the roots with the film Further, the
use of such a filmis advantageous for easily
provi di ng sufficient oxygen sup- ply to the roots and

for pSMaHdY E*Eﬁt‘ég%%%ﬂattie%"by ad2oPat HG9EBI Ehe find-
bacteria. [0072] (Wafer pressure resistance) The water

Pressyfs IS itHANGE ntd JdALHE Peit "BASWSEbrred that the
accordi'ng to JIS'L1092 (nmethod B). It is pre- ferred

that fihe MR IR @56 Wi A& B8, Ofntidierdt 14y k2o the

used in the present invention is 10 cmor nore, nore

ad- yarfrageisdy HhLm HpdBiic il Hidd IbdBieen water perme-
advanta- geously 30 cmor nore. The film 1 having the

abovebimety ifll i Asinesdisil BS, Uit e FORPELIOUS: @i on
hydro- philic. 25 [0073] (Water/ion perneability) 32

I n t eqieeseii dyn\iRilidrge) ivhich piefetgetinddtbd®or. It is
above-nmentioned film1 exhibits an electrica

condyctdsumad WwHECG) whdd ettenciel i Had ol sved ef5c agater
determ ned between water and a saline solution,

wher gerndediHG tdi f1idn fpermewesadi i tdetler I nmes, an aexed hbeht bal-
conprising contacting the water with the saline

sol utsirgre (& Bvedgrbywates glngrmadiviolighy tdred fidtriemd permeabil-
measuring the EC of each of the water and the saline

sol utiitgh witiathd s wadty anronwimte for the growth of a culti-

vated plant (especially the growth of the roots) can be
easily accomplished, and such an excellent balance en-
ables the substantial 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
(lon) 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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perature 4 days after the start of the contact, and

cal 10 culating the difference in EC between the water

and the saline solution. Mre preferably, the EC
difference is 3.5 dS/mor |ess, and nost preferably

2.0 dS/Ymor less. The electrical, conductivity

difference is preferably de- terhined in the fol | ow ng
manner. 15 [0074] <Experinental equipnents and the

like> es; i oG] f i %F?'F@ﬂs

equi ;Pr?en lgt,slsorgépc{p;gg at%geeiﬁalﬁﬁd) ’rraeaﬂ'cladrli a sél':ﬂse iaénh? hEeC of each
bel oydrentd QE;‘% rd (. ' )

thos\(/eég descéri e r_at thﬂeﬂgc%%nln%@n;éégﬁi%%‘g%g% aftér the
) Exa'H%a%St" cﬁestﬁ{é %@f&tp\’\’:a@@ &apﬂ‘]éﬂa% ht‘ﬂgeft?ffference in

measuring electric conductivity> Since a fertilizer

i's u%@lﬂé&v@&?r@?@_&&éﬂ%ﬁ@rﬂﬁe o%?iﬂ!i@’séiuﬁ.ison. The use

preferred to determ ne the anount salts (or ions)

di sselpvedid) £ SOlwtd bl I e b Wpr L0 I Bdd@hd Sof water
determned in ternms of an electrical con 25 ductivity

(EQ) or EC fiesrtal siosaldeit Sie i d | tohe&€ ORSliiEd | VedSreby Yeasily
and represents an electrical conductivity between " two

el ectgrafhess i rRAGth A tKh B T So S eid onsdt Aredcftde film.
cn2, which are separated at a distance of 1 cmfrom

each [cattigr. Fheémuni havsfd bSwakereAmpedneadidithe dEC10 cm

value 5 of a solution is expressed in terns of S/cm

Howevaar ,morsd ncien tthearnk=C off water iptegairsatedi ottanse, is pref-

smal I, unit "nS/cnm (which is 1/1000 of S/cm) is used

i n thergirlgserded sipedide gatesenmt( uimtenusbeh i N TadeoridaieEesause

with the Interna- tional Systemof Units is dS/'m

wher gibe digeerfesantls a film promotes the integration of the
roots with the film. Further, the use of such a film is
advantageous for easily providing sufficient oxygen sup-
ply to the roots and for preventing the contamination by
pathogenic bacteria.
[0072] (Water pressure resistance)

The water pressure resistance of a film 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 present invention is 10 cm or more, more ad-
vantageously 20 cm or more, and still more advanta-
geously 30 ¢m or more. The film 1 having the above-
mentioned characteristics must be nonporous and hydro-
philic.

[0073] {(Water/ion permeability)
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10 "deci-") . In an actual neasurenent, a small anount
of a sanple (for exanple, a solution) is placed,
using a dropper, on a neasuring portion (sensor
portion) of an electrical conductivity neter for
measuring the electri- cal conductivity defined above,
to thereby neasure the 15 el ectriZal conductivity of
the sanple. [0076] <Salt/water perneability test of

LML T (40) A o AT o AL 1Y YaLLaLEy cae ene
Hakat %vez-g\?e%‘f{i&?éjd bﬂoﬁ@’)%'éx 15504 v é{‘egr(%ggag‘b%cg{mductiv-

wat er prepare a Yo Sal 1 ne sol ution
9 dS/yy,, . e f@ﬂé#%ggg [ L 0g 259 -
bask eltrg% OSI&T&})S edtl " es |rl5e§/ eé bggiéeﬁ ﬁ]\g\d P%é%] %% n%(?lt %}é@l ned

a si %’eeab@ea%%a@ékﬂ dhd @&%%{%E%E%Siﬁﬂér@%k%e EC dif-

is accommpdated in t be teste

(Si zefeRihd 05 204k daR G &P 2 B M orh r%ﬁii?e@ﬁtacting

t he sieve basket of the sieve bas 34 ket-bo

and %@%!héﬁeﬂwﬁfﬁhiéhé“&&ﬁ&hé”ﬁé&ﬁé@bﬁi#@1509 bfeweight)
si eve basket. On the other hand, 150 g of the saline

sol utdormpfiepaiede ahpyeand Mbaeeei hd the BOWf obackh8f the
si eve basket-bow set. The sieve basket containing 5

the fudteanthdeiles 451 pecosanaaied 4 the deWMivation tem-
contain- ing the saline solution, and the whol e of the

resulgexrdtursy s4 efays afwoppechev dtadt resi thé i tontact, and cal-
wrappi ng food (a polyvinylidene chloride film trade
name:ciSa@aindVape diffeifacteral EhdosoheehytWsabiter and the
Kasei Corporation) to 10 prevent the evaporation of
wat ersd¥iome tdel syistrem Mbhe preferably, the EC difference is
3.5 dS/m or less, and most preferably 2.0 dS/m or less.
The electrical conductivity difference is preferably de-
termined in the following manner.
[0074] <Experimental equipments and the likes
Unless otherwise specified, experimental eguipments,
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 conductivitys
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 alsc called “specific conductiv-
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resultant systemis allowed to stand still at room
tem perature, and the EC val ues of the water and the
saline solution are neasured every 24 hours. [0077]
In the present invention, for facilitating the 15
absorption of nutrient (organlc matter) by plant roots
through film1, it is preferred ¥hat the film1 al so
ex- hibits a specific level of glucose perneablllty

h bi b o
eval (Brba B pe%%"‘??%?%%my%%a??}a?‘i?l?%@o%%n Grliviny pecween

perm%%%c##% %ﬁﬁﬁﬁs Aéhthavfr§§23é¥$$¥egél %b?ai area of 1

pr eferre OVG nmen m ex

Brix gpnceplirafi0n %Qpaﬁéé 'E-:FH1 e Qb c%ef'ssl % from each

det erm rie etween water an UCOSE SO I on at

the Cd‘tl.ﬁéf’at' tu erfldy s s%?f&e B{J %Hci( tbhe EC value

conceniration ifference is ‘m ned

nethqgfquygiﬁﬁfghCﬂgt@%§fﬁgs%@t fﬂstgf %?cm However,

gl ucose solution thro ereln t he wat er

and é%&'ﬁ&?@%’c?&f%'Pé‘r@{flPéf‘C&gluE‘héﬁSP? n%ﬂné{fl, unit

conpart- ments which are separated

meas W &Gk N e (wiBf X f@nﬁﬁﬂéﬁ@téPnskc@)Oiseéggdointbﬁe present
water and the glu 5 cose solution three days (

hour sgpead i £1cd theodt flifi ©f usddeif ik 6+ daned w:Lth the Interna-
calculating the difference in Brix con- centration (%

bet weeibidle 9wdesm asfl ther gl 1€ 088/m ol wheté Of. d ThepBEb&nts
concentration (% difference is nore preferably 3 or

| ess,“&di4”nor ampraef elcdiayl Zhedisuresmntl0 especialdnount of a

preferably 1.5 or less. [0078] <Water/glucose sol ution

per mesenpid y(fastexdmple, 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 below) is dissolved in 2,000 ml of water to
prepare a 0.5 % saline solution (EC: about ¢ 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 gsieve bas-
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film1> A5 %glucose solution is prepared using a
comer- cially avail able glucose (dextrose). A "sieve
basket- 15 bow set" which is the sane as that used in
t he above nentioned salt/water perneability test is
used. Film1l to be tested (size: 200 to 260 mm x 200
to 260 m) is placed in the sie¥® basket of the sieve
basket -bowl set, and 150 g of water is poured ont o

he im0 Lhe. 20, g4 et hande 10,0 of &‘w@ USES the film

qutlon pr epar ed’ above | 57 practd |n

si eve,basket haw j58lxed ne s e bcgaseklﬁt SR A W o the

the filTman er 1's accommob-

cont %ﬂ{}%té@l@éf&?;&%@éﬂ& 2355 éfaéf\@?_ ' {,héhsowl of

resultant systemis ed wt sin

wrappi g 400 (@aQQé&’VBWi | 9&?@ ‘?Llﬂeo él%é% Cg]i)étmcontalnlng

trade nane: Saran Wap, manufactured and s

Asahi ¢ ase] 1PU RPN EOR) 1 & O PESHRDGaLdE BN APRE absRT eéntam-
water fromthe system The resultant systemis all owed

to sta sid |daBind QO LEIBEr adl exhanghbie §f‘g'§lﬁec9gsultant
5 tents (Brix concentration (%) of the water and

gl u- SpsEew ol sity @ WEAs U efe £VRT i P4 hOHI G Dﬂ afood (a
Brix nmeter. [007 I§@élntegratlon of roots with %ﬁ# %

A tesiolpvieyfodamsl sHmleriddef Condi tr&A6 f4héngsdPan wWrap,
vermculite) nentioned in Exanple 2 bel ow.

Specidmatd ytured phidtsgIDVibY Aeshi | Bapel f oorperé0iord to

days using two sunny |ettuce seedlings (each having

at | gasdventrailte 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 (crganic 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 Dby
the following water/gluccse 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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| eaf), thereby obtaining a plants/film21 hybrid
system The plants are renoved fromthe obtained
plants/film21 15 hybrid system by cutting the stens
and the | eaves near the roots of the plants. Test
speci mens are cut out fron1thed{iln1having the roots
adhered thereto so that the width of each test
specinmen is 5 cm(and the length 1is about 20 cn) with

th t . . i h
(e SIERS U5\ 8200 D8 00RoRle 20114 ORGSO Mt ana
P o e b P Tybe Bar Ao 0oy boebace o fhipart

test mpacd ey obtadegs €ed Soy HhPPEA BY, tH8aEhiPng the
foll owed by recording the weight” (A 25

gr ansg A COTESSRMENG &9 [P SArSadei Gt RE FA€et€8hd3¢he glu-
speci nmen) indicated by the spring type bal ance. Subse-

quentdyse tdwl st £ ofhide pdt (7 hberspnipfeplthbestart of
test specinmen is held by hand and gently pull ed

downvietiel ddnt&let Acihd ofa DE@Bkt BN@Y) hé hei f POt Sné& O BLix con-
film while 5 recording the weight (B

gr ansgdrieoratesRONtE Nood towddre e whted d0adihéngleaded solu-

by the spring type balance. The tare weight is

subt racdred fohemBriixs coaldsem triahdton S(%)B digi e uiss Anore

grans) to thereby obtain a peeling strength for a

wi dt lpgfdramy 19 ¢H0Bdgs ) nst hkl pmesenprefigeablipn? or less,

I's advantageous to wuse film1 which exhibits a

peel iegpstiahhy lpoéfatalglyrl. srove Wesh. respect to the

roots of the plant. The peel- ing strength of the film

is prEd@&igbl y<¥etgrdolmeose sedution 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 solution, and

the whole of the resultant system is wrapped with a

resin film for wrapping food (a polyvinylidene chloride
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nore preferably 100 g or nore. 15 [0082] (Materials of
film1l) In the present invention, there is no
particular limtation with respect to the materials
usable as the film21 and any conventional materials
can be used as long as the filmis capabl e of
"substantially integrat 20 ing\a§r1the roots". The
filmmay be a material which 1is generally referred to
as a

1 me horaagn bR e 2 Al e R dodlso1a by

I ' . 0l V, . I I .
boer s, e D st B o iR 58 sififagion of
and %Mﬁ’ ﬁﬁ.trk%gpsélc:stq%ﬁ] ; gl Eely l%%n&arsys&éé@][iﬁ allowed

[imtation wt to the thickness o m

1, ang, ide drsy ganeraldy A r%s?& | &58 -
preferabﬁ[yrgibout 5 prﬁ tro ZO(L)Eep %%'pr%?%r%%? ysugar cen
aboute g3} PMEO d QHRIBN -4 (B it 1l thdad+ Mhg the glu-
support) As described above, Iin the present invention,

any s YWRMIANreS YUdasifed Widhe TRUSELANPENg a Brix
used as the plant cultivation support. As such soiTls

or cylduyye nedia, there can be nentioned, for
exanple, a soil for 10 use in soil cultivation and a
cul t urem7mdi unTHhPEgHSEibA olydbepanve taulFinwmatiyon.

[ 0085] Exanples of inorganic materials usable as the

pl ant cul @ waidton S gRp@Adrnat WitEr raidlradndied #3nsl Gusing

such as sand, gravel and pum ce sand; and processed ma
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 cm (and the length
is about 20 cm) with the stem of the plant being posi-
tioned 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 one 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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15 terials (e.g., a high tenperature cal ci nation
product), such as a rock fiber, vermculite, perlite,
ceram cs and a carbonized rice hull. Exanples of
organic materials wusable as the plant cultivation
support include natural materials, such as peat npss,
coconut fiber, bark medium 20 hUll, peat (N tan) and
peat grass (Sotan); and synthetic naterials, such as

part is‘io"%c%.trr?erﬁh eiqpéic,ra?é;c{]n&ﬁgr@ieabﬁffnf%é;;}?glance . BSubse-

mat er-al’s carl be use ual or
conbi pat.| Euyrt or v bri
o Syarliatk . e, Hlem M AhSp ARERHE G e EelF che cest

cul t 'sﬁdl%r?% YR tbf)}gixfcle% %ﬁ&%}&iﬂé TREra to

of a rient 39 (e.g.; rtilize

m cr J&x@ngof%mwgg@@gﬂ%&h{%%ﬁ%omﬁb reshRClyhile

to such a nutrient ad I vati on support,

accordidirdihd hend dliditt Ofp [ieamdY RSERLedPIRINAS Stol the ap-

e
Is preferred To add a nutrient to 5 the plant

cul tipratd PN SHDPOHa Wb dde dy [the dfr Sehe @he BADAMEe. The

as required until the roots of a pllant grows to a

degr emnrsliGheddiat {hesyttaictsd coRapltn 0 PoBes bitgat is, B
water or a nutrient fluid through the film in other

wor dgyramitminden rfeing ) iegted ey tdbtden fa | fee ldhg

[0086] (Nutrient fluid) Wth respect to the nutrient

fl ui dH{remdtte fer td lwidtzerosSd wnon) used in the

present invention, there is no particular limtation.

For elfille, Osethenpbeseadeinobtnatpnnutiti ést akdvantdsgeous to

whi ch have been used in the con 15 ventional soi

cul tives ifoinlnand whitah enthifbitisd & wdelMing strength of 10 g or
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.
[0082] (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 alcohol (PVA), a cellophane,

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

lulose and a polyester.
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tion. [0087] As inorganic conponents contained in
water or a nutrient fluid which are generally known
as essential conponents for plant growth, there can
be nmentioned ni 20 trogen (N), phosphorous (P),

pot assi um (K), calcium (Ca), o_i%nesi um (My), and
sul fur (S) which are major conp nents; and iron
(Fe), manganese (M), boron (B), copper (Cu), zinc

(Zn) and 4 gt" ?’?Hgggﬂé iﬁ%kﬁ?céigr"‘l%%%{tlb %gﬁ;.h respect

conponent ere can be nen

sili c&% t(h% ) h%}éq%%(gﬂ%vé] e Al nu@d{cglr%t C%%g%élr@rally

(Na) are subsi nent

| f d%‘bo%itr %o );H{E’ﬁ Ly 0
subst ances J%tﬁldlje ong as %ngutbzét:a‘%cg%odzo Mt
not  sdapsd @}eﬂéﬁ!ﬂw IR 1o d A &1d 6o qim L he present
invention.” 5 Further, the water or nutrient fluid may

be suppisaTent @ﬂlaﬁfcteuw%a&loﬁugh ?ér@ jucose
(dextrose), and ami no acids. B (Wat er

I nper neablag RRiRIYided HMwe | S.ﬂ“i:lrféarﬂx*é‘éérﬁer invention, any
l[imtation with respect to ‘the wat ef i mper neabl e

nat efdfalc A driierasl idoiils IdPUTRudd dd s teaaierused as
Exanpl es of water inperneable material include a

synt held @8 rulwiotit gt duppultcer agl ehich Waiidls AY culture

be in the formof a film a sheet, a plate or a box.

[ 008HediV4t edheales rdy g medretiicaled 1 ¥ cbheexwmiele, a soil for

absorbing material has the function of supplying

wat eras@ i raddirli entl Hivstdidro drte o idubthisndpedium for use in
hydroponic cultivation.
[0085] Examples of inorganic materials usable as the
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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basically, there is no particular limtation with re-
spect to the water absorbing nmaterial as long as it is
capabl e of absorbing and retaining water therein. For
20 exanpl e, use can be nade of a sponge or nonwoven
fabric made of a synthetic resin; a woven fabric;
fibers, chips and powder of pIa%ﬁ origin; and ot her
materials gener- ally used as a plant cultivation

supp O{ﬁ)_’eq sSu CJ' lﬁé:‘ripleﬂ ze al*f'r?]c%/ ﬁ]?cl %t:f fé%té ocgc)%rgéanent s) may be

Her ei ot
pl gfl'hec?qéc{‘ow”%%id E%%;‘;nééy t%a‘é[\i {k}gzope}l:g(t%%%tt %&%ed 21:‘%! ‘the
| owi ng” Exanpl és. LES "5 f] anpl e est
th ' ; / : :
o m Ao S S U AR PERDSE El g ot che
fil d sol j :
Lt PO v g B thrines BP0 Ut W difof Terient to

and aHendtdht duile FY3esors G PUtoPNeides SOh| 11 D81 d€ch an
the greenhouse, and a capillary sheet (SR-130,

manufgagdunite h antk §od £ dYunteDi e | Aot s NGF I 20 BaMt M Pows to a

of 60 cmand a length of 1 m was disposed on the

pol yeidyreneasidn inat el pdntl 0 d Sc 9881 €So £X4688+Png water
froman automated irrigation device were placed on

the siir faceatofidie £APid | EHyosdteeihe MBH LI In SoteEZ| ©Srds,
were positioned at each opposite side of the
capi lUrariyl streetrovtid Aonradd esveah sshdhehlma

[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), zinc (Zn) and molybdenum (Mo) which are micronu-

trient components. In addition, there can be menticned

silicon (Si), chlorine (Cl), aluminum (Al), sodium (Na)
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nonpor ous hydrophilic film (Hymec filmhaving a thick
20 ness of 65 pm manufactured and sold by Mebio
Inc.) was disposed on the capillary sheet having the
nozzl es di s- posed thereon. On the nonporous
hydrophilic filmwas disposed, as a culture soi

Super M x A (manufactured and st d by Sakata Seed
Co.) to a thickness of 2 cm and 25 a total of 10

| i h
T G STEVRR ek Fe Siadt °%?¥t%%m%%ﬁl?m If de-
soi | cul tur CoV. red nulch
POl msieg Ay 4F A B S R e e fiNE et ances
Id T
s iRy %5@5@% o RS s AL aD 89 ém&{%"%&estan-
om i el s L0 A | D DLt 5 bher St e ouay a0l son.

the throu S were covered wt ure sol

therefh)/r&%ﬁ' ”EHIQ WatGdt tds H@Efféht?yﬂﬁ{'i J\Qgg%% néﬁ?ﬁlemented

conpar ative experinent, a ydroponlc ta

W dt Ry p at€Nkeh 1o d g A cﬂexé@oé@ i a?nﬁ"@.mlno acids.

fllled W th O L' of a nutrient f was I ns

the groueh aHQWQtEQHEﬁb@%ﬁeabdéoﬁQ%%&%aﬁh|”1(FNWEC
filmhaving a thickness of 65 pm manufactured and

sold by Mapid 1Gd gmp&@mﬁe&[ﬁi@% Wtk Neespect to

nonporous 15 hydrophilic filmwas di sposed, as a

cul t wiee siter SURSErmd A M ACta etoddidasol € DY imperme-
Sakata Seed Co.) to a thickness of 2 cm and a total

of 1y Aesvaiedn Fiatp 1Rt eF iWatcgatinpeBdle: Weltterial

pl aced on the culture soil. The culture soil was

coveriatt Wdd a syphidie e frésmmhiwdod, metal and ceramics,
which may be in the form cof a film, a sheet, a plate or
a box.
[cC83] (Water absorbing material)

The water absorbing material has the function of
supplying water or a nutrient 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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20 is Silver Mulch 30 pm (manufactured and sol d by
TOKANKO- SAN CO, LTD.). On the mulching filmwas nade
si X X- shaped through-cuts in aline with 15 cm
intervals for planting plants therethrough, and the

t hrough-cuts were covered with a culture soil

thereby obtaining a culti- 25 v&tion system 43

[ 0093] Seeds of sunny lettuce "Red Wave" (nanufactured

and sol d_by Sakata See . were.cultivated in. .a I
CrayBlRened i BeBacErant hroTelilis metthihery B BB for-
mai n- | S AL | of six seedlings were planted 5
throﬁaﬁgﬁﬁeEg 0 g%%éntioned si x-through cuts of the

mul ching film respectively, and the cultivation of

the planted seedlings was initiated after the primary

irri i . [0094] Autonmted irrigation device:
! Egggbtﬁ [ ] . g
Ti me S o- 10 mated watering, EY4200-H

(manyhgetyre |d by Pana- sonic Corporation).
Cul tivation ; ter planting the seedlings, a
nutripentrdduigedpo@n amount of 200 ml to 300 ml per
day was fed fromthe nozzles of the autonated

irrigatiog é@aHEVEQQtEQatﬁénCé?kkéﬁf%a%hF%E direposeda sim-
bel ow t he nonpor- ous hydrophilic film In this

Exaﬁth£EEG|EQEEthh§e aamEan abivse expﬁblyéﬂhyléﬂé film
irrigation (feeding of a nu- trient fluid) to the

uppenmahd€aetuirba BaAPEBAUS bRY dkArapTnlduetidilad was , Ltd.)

performed using the automated irrigation 20 device.

The aswvtiny af thitkpabsonf( BOt Lmenk fiditth ©Fd)l 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
was 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
of 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 ancother automated



10

15

20

25

to the upper side of the filmwas approximately 20 m
per seedling. Cultivation period was 1 nonth fromthe
pl anting of the seedlings. [0095] Nutrient fluid: The
EC of the nutrient fluid 25 was 1.2 dS/m The
nutrient fluid was a mxture of 0.6 44 g/L of O suka
House No. 1 and 0.9 g/L of Osuk& House No. 2, wth
which 0.03 g of O suka House No. 5 had been bl ended.

0050, 2 S5, S R SRS SRR S ure ot
SP AR 0 STID U4 G USR8 R, i,
”O”p%rsoﬁlt%@gmq#é{ G of Ir]illf}{nl ( nutﬂ%t%txl%ec{l ggﬁécgdsgol,% ri%/o TOKANKO -

t ot al” "wer ght sun UCES” Was

th ti ' t ek I C .
tank G Rr b 2hi PRR-BUREiopdARSaR V5 R Bix x-

irri [ i.ght. falsyi d 1. f.

and et o its 6 q Tt LR O ort 1A B for
pl amp_l%?ﬁ‘:ii%? é)lfaiﬂt@ (e /3% Yu Rt &ina AROHADigh-cuts were

material 8 143. 6
covered with a culture soil, thereby obtaining a culti-

vation system.

[0092] 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 film (Hymec
film having a thickness of 65 um, manufactured and sold
by Mebiol Inc.}) was disposed thereon. On the nonporous
hydrcphilic 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 of an auto-
mated irrigation device were placed on the culture soil.
The culture soil was covered with a mulching film which
is Silver 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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(present in vention) Use of a tank (conparative 30
3.5 163.5 experinent) The anopunt of harvest in the
plant cultivation sys- 15 tem of the present invention
was approximtely 10 % |ower than that in the
conparative experinment using a hydroponic tank, but
the anount of nutrient fluid prd2 vided beIOM/the
nonpor ous hydrophlllc filmwas about 1/4 45 of the

R ramogdars, | feddit SPTRAY | VErEIRE R akd? Thapyfacturea
& Gl SR 9P, SRBPULETE A B B P o
e S0 2 B B 1 o 2
352391511@2&%9% shocR tPEER b8 B120LULABINGG RE-BERTahlea

a”g ke flbu (@rﬁq kb Ul el SI %e\ﬂalsli‘?c "E@&dligﬁp'éj\{:%ﬁl & the

[1quid crystal spl ay) panel of" the p

WEtehulEBSngpﬂlﬁﬂ Ug e éé%%ﬁ%ﬂyﬂ'dﬂa\ﬁﬁé‘HHEHﬂ%%%ﬂBh of the
reading the~ steady value di splayed on the LCD panel

of t@@aﬂﬂe@ﬁ%@%dli@gbowgﬂ inVRASHRIRIHE Of thid primary irri-
concentration (%> Brix concentration (% was neasured
usi ngaithenhe- | ow nentioned Brix nmeter (refractoneter)
A part of the
[0094] Automated irrigation device: Timer for auto-

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

Cultivation methcod: After planting the seedlings,

a nutrient fluid in an amount of 200 ml tc 300 ml per
day was fed from the nozzles of the automated irrigation
device to the capillary sheet dispcsed 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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15

solution to be neasured was sanpl ed using a dropper
and dropped on the prismportion of the Brix neter.
The 20 Brix concentration value of the solution was
obtai ned by reading the value displayed on the LCD of
the Brix nmeter. [0100] <Experinental equipnents and
the like> 1 Experinental equi pméffts and apparatuses 1)
Si eve basket-bow set: Radius of the sieve 25 basket

was 6.4 c he, ar of e hott syr f ace 46

o 871553 EhBN TR NS b oY, s Dityeay diouse o
cm 3) .ectric pa al e: ) k nyf acture

and édl 1%3?/1 Tani a%C?)J%p rgtfi'v?r%;sué(%?foélprel né) t yé|cj)(§-1 add been

bal ap g'dggx. 500 g, manufactured and sold by
Kamoshi t €i kojyo K K ; 5) Post scal e: Postnan 100,

nanuﬁggbgﬁed 5quifg§éj ﬁgxgy%%uzen Co., Ltd.; 6)

Conduct oneter:” Twi n Cﬁ: 3, manufactured 10 and

sol d by Hﬁﬁigﬁghkgnt %koﬂHgggﬁgrgo ?1@% ERAN®ota1 weight of

| nstrunments, nufac- ture by ‘Gunze Sangyo

|nc-si§ngaﬁgﬁﬁ%%tmﬁ§5%%d iraPMeE R B 4lonth cultivation
manuf act ured and sol d by I BA, Ltd.; and 15 8) Brix

et ekakr ghhaet MR a RB2_L aPMHAGy Wdted-1Nd i $rovided

by Atago, Co., 'Ltd. [0101] 2. Materials used (Soils)

: under the nonporous hydrophilic f£ilm. On the other hand,
the total weight of the sunny lettuces was 163.5 g in

the comparative experiment which used a hydroponic tank.

[0027] [Table 1]

Amount of

nutrient ??g?n:tggn Total weight (g)
fluid conaa s of leaves and
provided sidepgf the | Stem
below the film (L) (6 plant bodies)
film (L)

Use of water

absorbing

material 8 3.5 143.6

(present in-

vention)

Use of a tank

(comparative 30 3.5 163.5

experiment)

The amount of harvest in the plant cultivation sys-
tem of the present invention was approximately 10 %
lower than that in the comparative experiment using a
hydroponic tank, but the amount of nutrient fluid pro-

vided below the nonpcrous hydrophilic film was about 1/4
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1) Super Mx A: Culture soil having a water con- 20
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 agricultygal use, manuf act ur ed
and sold by 25 Nitto Boseki 2% Ltd.; and 47 3)

Verniculite' Type GS, manufactured and sol d by N ttai

CorPoEaL]onan gnkggéed 4h ALY biigh -8k 69BO LR en

nmanu ured and sol d by
Aicello Chemcal Co., Ltd.; 5) Biaxially oriented PVA
film BOVLON, manufac- tured and sold by Ni ppon

Synt ] _ o
T AR e S e g cne

sol d E% suBoat o a@ﬁégp%gh%wgellophane (for snoke

dryi ng manu- ctured and sold by Tokyu Hands Inc.;

8) Ce egg%%%ﬁu nkhiggkpess: 35 um nmanufactured and
sold” RA CHEM CAL CO LTD;, 15 9) M croporous

pol ypr opy M%a%ufrlelmréhtpldf3 R f dritiee] uanithes aftee helow-
Tokuyama Corp.; and 10) nmoven fabric: Shaleria e

gggﬂ?g%ﬁﬁfggﬁgggig%#?xBOfA@kékabamebtahéng)the Sensor por-

y Asahi Ka- sei Corporation.
tion of the pH meter with a standard solution (pH 7.0},
the sensor portion was dipped in a solution to be meas-
ured. The main body of the pH meter was gently shaken
and left still until a steady value was displayed on the
1LCD (liquid crystal display) panel of the pH meter. The
pH value of the solution was obtained by reading the
steady value displayed‘on the LCD panel of the pH meter.
[00939] <Meagurement of Brix concentration (%) >

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 cbtained by
reading the value displayed on the LCD of the Brix meter.

[0100] <Experimental equipments and the like>

1. Experimental equipments and apparatuses

1) Sieve basket-bowl set: Radius of the sieve

basket was 6.4 cm {the area of the bottom surface was
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20 [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 25 by HYPONeX JAPAN
CORP., LTD; and 48 13) O suka House Nos. 1, 2 and 5:
al | manufactured and sol d by Ot'$%ka Chemical Co., Ltd.
(G hers) 14) "Hakata no Sio (Salt of Hakata)":

manuf ac- 5 % red, and sold by Hakata Engyo Co., Ltd.;
and 3BJUE 1 @s@m)d ucose 100, manufactured and sol d

by E. S. NA [0103] Ex le 2.(Lntegrati,an. of craoqnt.s
with a fith) ét]?ﬁf Cfaé‘btq%rgp}%‘f %’l er't I%|%I %e?acgnggn?&éti on
on the inge- gration I's it hjadd | maMRif ctured
exam ned. gEac%l%?trolac %ﬂé;%?a[dijéé] I m%gd I}Np]f]:?nex

sol ut | n§8§%ég§??ggkgadbbgbggatyﬁgqnex sol ution and

wat e Et was“used*as a nu- trient fluid, and

the resul g ]y%lfni%\%aégﬁbn%ﬂénwiwa@ 50 QP aRausEact ured

hydr ophi | i hav- ing a size of about

20 ooy 201 AMYAkaflbERatad sairuy yO& . wi; of ei t her

vermcul ite or-roc er as the soil. Two sunny

lettuce sgedl bpgs E2ch. haddignat 1EmsStmamnefamivred and sold
| eaf) were planted in the soil for each of the

fol | oy G+40eh icest, epmdi;tions. Six different test

conditions, nanely the conbinations of tw types of
soils andg3 conductometer: Twin Cond B-173, manufactured

and sold by Horiba Ltd.;

7) pPH meter: pH pal TRANS Instruments, manufac-
tured and scld 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

(Soils):

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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types of nutrient fluids were prepared. The anpunt of
nutrient fluid used was 300 mM. The soil was placed on
the PVAfilmto a depth of about 2 cm The experinments
25 were perforned in a greenhouse using natura
sunlight. 49 The tenperature of_the greenhouse during
the experinment was 0 to 25 C, hd the hum dity was 50
to 90 %H [ 0105] The anount of water evaporation and

the EC value of the nutri f e d & R AFHE G sold by
day 13 anﬁ)S‘ﬁﬂyuééﬁfq5ﬁltﬁn ?tggf Of 'the cul tivation,

The above- nentioned "peeling strength", which is a
yar dStFeR11 6PTPRYAF4E i on of the integration of roots
with the film was also nmeasured on day 35. [0106]
The é?biW?héntal condi tions used above can be 10

sunmari zed, as_ f ol | ows+ PEripent 4114 | bhibNAeds: 40 um,
pm(manufg&tul?%f an %o %c€§ AiK ce%lo Cheni cal Co.

Ltd. Fnlb,ﬁlé%gf)éu%%% o 2biSeedl inl@e 15w mherdidalc@o. , Ltd. ;

seed flaving at 15 | east one main |leaf); 3)

Soi |+ vergicubite: ({ipeopachtehesyaorilnck BOVLO® manufac-
66R; 4) N§¥ri%%%§%%%%g:omater, an aqueous 100-fold di-

| ut eqd. Bynonexs sol1y RN Mippth &AL {10 el chldi Induskry Co. .
20 Hyponex sol ution; °5) Eauipnent: A set of a sieve
bask%ttdqqd a bow; and

6) Hydrophilic polyester film: thickness: 12 pm,
manufactured and sold by DuPcnt;
7) Permeable cellophane (for smoke drying): manu-

factured and sold 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 Tckuyama CoOrp.; and

10) Nenwoven fabric: Shaleria (nonwoven fabric made
of ultrafine fibers), manufactured and sold by Agahi Ka-
sei 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 sclution: manufactured and sold

by HYPONeX JAPAN CORP., LTD; and
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6) Place of experinment: G eenhouse (wthout con- tro
of tenperature and humdity). 25 [0107] 7)

Experi nental nethod: After placing the film50 (200 x
200 mm in a sieve basket, either 150 g of ver-
mculite (noisture: 73% dry memg 40 g) or 200 g of
rock fiber (noisture: 79% dry ?ght 40 g) was dis-
posed on the film and two seedlings were planted 5

tbg\?vlr eic:gnt ks ng%%% tl-{o%s%\ég\l bsas’klet %“%fn%h@c I M gl}ll%factured
t t
flui daﬁt?h&gﬂgaﬁ\% (??Sulg %%gai\a&gr Offhe nu rl en

flui ere |va | ant éd seédl i ngs. 8)
Cul ti % perlod Cbtober 29 to Decenber 4. 10
[0108] The Tesults of the above-mentioned experi ment

are shown §p Ta@a@ca%gb\?lacf\@lcl N SEAR G2 yAMh M0 Fbnutac-

val ues are shown ues are ore addition
of |'tgxhlfé’df&ﬁ&'ééf&rﬁiﬁ%éﬁatéeﬂn&%@ &on pfgliaghd
fertilizer' O Nf6 rl MV M~0O rda) O

r-1 N 4-1 i% Helvuedldd Cblucgéhvﬁb0?1%ahhfbgthQ£d and sold

by E. S. 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 film (PVA film) hav-
ing a size of about 20 cm x 20 cm 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. Six 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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o HH(NOO Mr~D-I ri bl NO

49

The temperature of the greenhouse during the experiment
was 0 to 25 °C, and the humidity was 50 to 90 %RH.
f0105] 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 agqueous 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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N OH .H HO44 ~-1 r HNIOMNO HOHNMMI:r
(N OO5 -r- M N.Il p30Oj .0m50b) rd 0 a) 44
~1 CWNONCG6 H-r-f O-H-i MIn cc~~ MIn wN H b~
O~ NO- A(-HNdrtl Ult tl rt Otri CCN1~ m

wcn md4ar-144 Aq Wq ) QH W W Experi nent al
Experinental results conditions 52 [0110]
(Expl anation on the experinental results) As apparent

obt ai 1P 65 1B Ml Harers Bl T (FEOHER 18hg of ver-
the Hoare Wt n e o et rER GBS brparek s 220 9 of
ARG = G R At i T AR IR
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-mentioned experiment
are shown in Table 2 below.
In Table 2, when two EC values are shown, the val-

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

ter addition of liquid fertilizer”.



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 the necessity of a strong adhesion between the
roots and the filmfor efficiggtly absor bi ng wat er
and fer- tilizer conponents thfough the film 15
[0111] Exanple 3 (Salt and water perneability test)
Various filns were subjected to a salt and water
pernmeability test in accordance with the nethod de-

scri bed above under the section <Salt/water perneabil -
ity test of film{1> The foll ow hg types of filjnms 20
were usedy a PVA(filam BOVLON (a|biaxially ofiented
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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 components through the film.

[0111] Example 3 (Salt and water permeability test)
Variocus 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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film (PH 35) exhibited no perneability to salt. The
results of the experinent show that, fromthe

vi ewpoi nt of salt perneability, the m croporous

pol ypropyl ene 10 film (PH 35) is not suitable for use
in the present in- vention. [0114] Exanple 4 (Dextrose
perneability test) Various fil M were subjected to a
dextrose perne- 15 ability test in accordance with the

th [ . und '
(dexitdday  pet ERRRRHE U°Ph HHE SRELLRRAERTCBEE M ca)

f fil : ; fii [ ;
ori entod PURE gy 5 R Sl R B tc of
cel | oahang itld Bialt A2l i33 TlerB e £08H] thdhyaro-
the above experinent are sum narized in the follow™ng
Tabl @141 135 pA ve PSP BiMMIAN thd e 10 Phatle R \exPibited
O0OO0OO0OO0O0OTr-NNgbgaa) 00 ~n O0ONLN ?4 NmCO mm
00 MpliRHNGR1 W IeERniBabiA i®10 OpBvloR BxBibiRel By a low

salt permeability, and the microporous polypropylene
film (PH-35) exhibited no permeability to salt. The
results of the experiment show that, from the viewpoint
of salt permeability, the microporous polypropylene
film (PH-35) is not suitable for use in the present in-

vention.

[0114] Example 4 (Dextrose permeability test)

Various films were subjected to a dextrose perme-
ability test in accordance with the method described
above under the section <Glucose (dextrose) permeabil-
ity test>. The following 5 types of films were used: a
PVA film, 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 sum-

marized in the following Table 4.



N
n
rH
1
N N

n
))

Or
U
N

L

r-4rd , Q4 4NNNNC
rsg (d tr) U UO04 W
UO1~. @ 4-1 HN

ma ao WLNn Ln Ln

P+ Umm 4J OLn N ma Ln
~0in

r-1 (14 N(NNNNN 11 vo aa
o ai

C g 11 4 mNNNNNNN
in

io ko N
a)a):>.
-4 A 1-4 r
41 U P4 U 3 U
OmNN "4: Ln

\

N v 04 U
N N

4J rd

wmmmQOQ wioto

a) J,
4)

-WW

rd

r-1

S°¥ Z°0 6°F 0 §5°C 9°2 g°C §°¢ 9°c v e S'61T
L' 1°0 6°F 0 9°Z 9°Z g°c 9°¢ 9'c £°C S'S6

L'V 0 S 0 9°Z S ¢ 92 S 2 L C Z°c S8
B'¥ 0 6°% 0 9°C S°¢ S°¢ g°C 8'¢ °2 S'IL
6°% 0 8°¥% 0 9°z P°C 9°C ¥°C 8°¢C 8°T 5°09
6 % 0 6°V 0 8°'z £°Z 9°C A4 T°¢ LT STLY
6°F e 6°F% 0 8°¢C (A4 8°¢ < 't £°T g°9¢
6'% ) 8'¥ 0 € S°1 i €T 8°¢ 6°0 g te

6V ] 6°% 0 6°% 0 6°% 0 6°F% 0 0]

wolsAs waysAs | weqshAs | woasis
wasAs wa1sAs | welshs | weysAs aebns I93em Tebns Io3em | weqslhs | woysAs

Iebns Io3em | Iebns | I9jem |/sueydoriso | /sueydorrso | /sueyd | /oueyd | Iebns | Is3em | (sIy)
/NOTAOE | /NOIAOE | /SE-Hd | /S€-HA oTqeswiad STqeswisd | -OTT3D | -OTT8D /9Ad /9Ad | BwTg,

PWTI YITM (&) UOTIBIJUSDUOD XTI UT Sbueyp

(v sTq®eL] [sTT0]




10

15

r OUGO0, ril ag ma) Nr I WCOLNIOIO ~4 mmmN
NNNN aEQuU) rl ~40mmSCOr-1 Nmv 41 0 Hr-i
ri NNNN J-1U Ha3cn r4rdOO0OIniInLnLnLn
Ln InLhnuv v O00O. EmNoOri Lnm NmaTio NmH
56 [0116] (Explanation on the exgerinental resul ts)
Among the 5 filns tested, the PVA°film the cell o-
phane filmand the perneable cel | ophane fil m exhibited

xCel Lol 6 HoX16038 REIIRAPIdd tohe Wi O SX AL k)

g aI ose per meabi | el
the Pit o5 HioHEthe b re?ﬁﬁ?%?ﬁ%fﬁ the c2UR°EREh, | Bhe, collo-
show tha + %i?ﬂWaﬁ? Fﬂéeég ELb?g g@g EﬁSne fllpoexhlblted

pernmeability, the are a t ageous

use igxtbe Qﬁ@sgéfctk!g%@nﬁlé?ﬂeéfﬁl%Qyth uPVAolLbM 28fivited

t he ceIIop ane Exanpl e WAt er pressure

resi sian68tt 88t NeREr8XL! BLPRAABROYEy . Wai-@F t RE LSS €dextrose
resi st ance test

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

a
u
1

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

the 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)

f0118] [Table 5]
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respect to 200 cm H20O was perforned in accordance

15 with JIS L1092 (nethod B). (Results of the
Experinent) [0118] [Table 5] 57 Filmtype Water
pressure resistance (cmHO PVA film (40 unm) 200 or

nor e

Biaxially oriented PVA film 200 or nore

(BOVLON) Cel | ophane film 200 or Srfor e Hydr ophilic
pol yester film 200 or nore Nonwoven fabric of

ul tr
expe

af i ne flberS 0 0119] (Expl anatrhedr Of-ddiRire resistance
rimental r Bt € In the prlesent inventnon,0)one

of t
wat e

Ne | nportant r unctions of g fitmnaving exceltent

pl an
i nfi
si de
i nfi
to a
10 In
t he
and
t he
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tHiepiion 1 pf okanted: RFBughlnt he film f;fcR)m theolower
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wat e
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[0119] (Explanation on the experimental resultsg)

In the present invention, one of the important
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-
sistance of the film, nonwoven fabrics and woven fabrics
having pores therein (such as a ncnwoven 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,



10

15

20

25

si stance of the film nonwoven fabrics and woven
fabrics 15 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
Exanples 2, 3, 4 and 5 above, 58 filns which
si mul t aneousl y exhi bit excel | en8salt and dextrose
perneability and excellent water resistance are
[im 0 or, r il i f PVA,
2 conramnsna bR SetEpRay Rt Ty TRaerft Bt ana
The i at,i : r I r
e e e e A
used j pliRdus Lol ﬁbﬁge&loh%ah d'rfoéjh[iq]i%l]f_ill%st hedd YK a pva, a
cultivation systemof the present 10 invention, plant
00t $aNEp8EARNG 25 Bivkirafé 1 TRIcNRINRG el R $4RANANRI The
fromeach other by a fil'mand, "'thérefore, the roots
are RkegRallibBChet@REACENY tBHRE a3@ ltheF\VN M WHRN achieved
the ground soil is contam nated with pathogenic m -
Croobgag ghenaftepabhpeedng BekephdlilN€ilm is used.
m croorgani sms 15 and bacteria are incapabl e of
passing through the film and do not get in contact
with the plant roots. Accord- ingly, the present
I nvemhidastird atapablle cabipieyenti ng pl ant
contam nat1 on, such as sequential cropping disor- der.
Fur t Hen21évenimhete thkamr ottt Swatids spstami aft ede 2Present
wi th residual agrochem cals, the use of the system of
t he pnesantionnveitintn recdlsl esd ke oueducidn aofe pladmitained to
contani nation by separating the soil fromthe roots.

be separated from each other by a film and, therefore,

the roots are not in direct contact with the soil. Even
when the ground soil is contaminated with pathogenic mi-
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 soil 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 QF DRAWINGS

[0122] [Fig. 1] A schematic cross-sectional view of
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BRI EF DESCRI PTI ON OF DRAW NGS 25 [0122] [Fig. 1] A

schemati c cross-sectional view of 59 an exanple of a

basi ¢ enbodi ment of the plant cultiva- tion system of

the present invention. [Fig. 2] A schematic

cross-sectional view of an exanple of another

enbodi nent of the plant cultiva Pon systemof 5 the

present invention. [Fig. 3] A schematic

Cross=s ' I i ew.Qf. .an of . stil] h ;
erbod e nBre ff 8 bip Bl RO ne "o e s He Tt iva
present,.i o] Pt Reference

Nune?gpg Fg%g%? ?? kgﬁp ?%Sgﬂﬁygggglﬁﬁa?Tilrn 2:

Wat err gk gpe I Al pas: k hop;aea t

Uhe SFad of 1t e T B Feer a2 a b e G art ol o ar Pl ang < "P e
cul t brabheRne¥PemBRElimks®! b the BYARQr ¥191 VaRAWH RY/stem of
material; 15 6: Irrigation neans (at the side of the

pl antheuptke¥antt ialetitRBRrt); 7: M st spraying val ve;

8: Water absorb- ing material; and 9: Frane for the

pl ant{reyl.t Byat A OSchsHRPOEt cPOss &t Mohal AvRERNGE an example
cultivation system conprising: a nonporous hydrophilic

fil mEostenlt aviatheg ambddimant bifetgenplamd auiedadiatdon
means for supplying water or a nutrient fluid to the

| owersysuehao€é ahesSprdseanpaheestiwar.ophilic

Description of Reference Numerals

[0123] 1l: 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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filmin the absence of a hydroponic tank for
accommodat- ing water or a nutrient fluid and
cultivating a plant 10 therein. 2. The pl ant
cultivation systemaccording to claim1l, wherein said
feedi ng neans conprises a water absorbing materia
which is in contact with the | ower surface of 15 said
nonporous hydrophilic film 3. The plant cultivation
system according to claim1, M n said feeding
means conprises a water inper material which is
provi ded bel ow sai d nonporous hydro- 20 philic film

4. The plant cultivation systemaccording to claim 3,
whergin sal $1@edica (IRARS oi!idhhforf QRAIrSRS Ry vl er
ab- sorbing material which is di sposed between said

nonpor 25 ao%ngnﬂi‘b%h'hy'&ofﬁﬂlmﬂ"ﬁ@lw &or MRARA &g a

material, and 61 which is”in contact with the | ower

surf gaaenef tyRirédmnaneorous hydrophilic film 5. The
plant cultivation systemaccording to claim3, 5

whi ch, i naugseedieieiearss fioistsAlfraAq oy Wadwid 80id rutrient
a nmanner such that said water inperneable materi al

con- fladids tidhehgy QuiedrsGhirfare Bfe g iahtnanpdroad itgfdrophilic
system according to any one 10 of clains 1 to 5,
wher d@ilnsdind then pdrseusehydy Gphitdropdnlantesdk ids satrommodat -
el ectrical conductivity (EC) difference of 4.5 dS/m
or | sy amte@et enmanedithetemse f Matderamhdw tisatiitegy a plant
solution, said EC difference being determ ned by

therein.

2. The plant cultivation system according to claim 1,
wherein said feeding means comprises a water absorbing
material which is in contact with the lower surface of

said nonporous hydrophilic film.

3. The plant cultivation system according to claim 1,
wherein said feeding means comprises a water impermeable
material which is provided below said nonporous hydro-

philic film.

4. The plant cultivation system according toc claim 3,
wherein said feeding means further comprises a water ab-
sorbing material which is disposed between said nonpor-

ous hydrophilic film and water impermeable material, and
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a method conprising contacting the water with the

saline 15 solution through sai d nonporous hydrophilic

film and neasuring the electrical conductivity of

each of the wa- ter and the saline solution 4 days (96
hours) after the start of the contact, and

calculating the difference in eftctrical conductivity
between the water and the saline 20 solution. 7. The
plantwﬁﬁ$%|Y%tigncégééggwQggﬂrghgglégeﬁnéuggchpgf said non-
cl ai ns 0 b, Whérérn sal d nonporous hydrophiTic

film L bit j n ration (% difference of 4

25 or§$£%§éé§y§£§%¢%%%gdfgg%MBen wat er and a gl ucose

solu 62 tion, said Brix concentration (% difference

bei ng de- term ned by a nethod conprising contacting

the vater —yiththe ghicpser sohuLioPehhiOdgPasAdto claim 3
nonpor ous hydr%- pﬁi??c ??%nl andynE%sur?ng tEeQBr?xc arm =

concepi{ati o (JRe0fnore8eh 0f tHSt¥Ri6l 8AUgtBEnd soil in a
gl ucose solution 3 days (72 hours) after the start of

the cpatRet, s@8H €RAEULAtlENgatéheifbbiREEBER MBLBEEX]1 con-
concentration (% between the wa- ter and the gl ucose

sol Uttt s 16hS. gFbendl api1cul tivation system accordi ng
to any one of clains 1 to 7, wherein said nonporous

hydrophilic filmhas a peeling strength of 10 g or

nore, said peel- ing strength being nmeasured by a

met hoél. conThi¢ sphantli sul possbboansgysteni ¥yatbngiagptanany one

body on sai d nonporous 15 hydrophilic filmand peeling

said 6floldimsn L heor bpt whérethespidnhohpdyoon Hgydrd8philic

fromthe start of the cultiva-
film exhibits an electrical conductivity (EC) difference
of 4.5 dS/m or less as determined between water and a
saline solution, said EC difference being determined by
a method comprising contacting the water with the saline
solution through said nonporous hydrophilic film, and
measuring the electrical conductivity of each of the wa-
ter and the saline solutiocn 4 days (96 hours) after the
start of the contact, and calculating the difference in

electrical conductivity between the water and the saline

solution.

7. The plant cultivation system according to any one
of claims 1 to 6, wherein said ncnporous hydrophilic
film exhibits a Brix cocncentration (%) difference of 4

or less as determined between water and a glucose solu-



10

15

20

25

tion to neasure the strength (g) needed for the
peeling. 9. The plant cultivation system according to
any one 20 of clains 1 to 8, wherein said nonporous
hydrophilic filmhas a water inperneability of 10 cm
or nore in ternms of water pressure resistance. 10.
The plant cultivation systen1accé?ding to any one 25
of clains 1 to 9, which further conprises an

o <P 510’5 o =
198, 1aTRRR LobeSHERLYLDR, UNF MBHSL Bl ing ae-

nutrient flui ron o /
L ! : o
205! LEERRRRELHECY RELfoa 0L LRRTERLLETRLE LA waces

and salrd nonpo ro- p

materw?éhtﬁgezgiﬁbggg Ebﬂhgiéﬁ %h&ggghnsggdagggggfﬁus hydro-

which st nimum requi red anount ~ ‘determ n

respegh it Be1Qr onhh RLage9hgt PRePE2AL BR-BBtration (%) of

Fee
cul tivated. 11. The plant cultfvation System according

to an¥a@ReorlPnef watakmind tRel81ukBkehsbutiheh 3 days (72
conprises a plant cul- tivation support disposed on Or

abovensai-d) NQRPAFOHRe ¥t 2 @E0BRI bhe Ebh¥hct?. afBecBhabliating
cul tivation system according to any one 15 of clains

1 to 4he wheebridethen gofRrkb6AscAtHEEBNNGS ) MBLWeah the wa-
di sposed on or above said nonporous hydrophilic film

13. Therphaat tByl lvabsenssysteshaccording to any one

of 20 clainms 1 to 12, which further conprises a

suppl enental feeding neans for supplying water or a

nutrient fluid to the upper side of said nonporous

hydr ophi | i Théi phant 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 peel-
ing strength being measured by a method comprising dis-
posing and cultivating a plant body on said nonporous
hydrophilic film and peeling said film from the root of
the plant body on day 35 from the start of the cultiva-

tion to measure the strength (g) needed for the peeling.

9. The plant cultivation system according to any one
of claims 1 to 8, wherein said nonporous hydrophilic
film has a water impermeability of 10 cm or more in

terms of water pressure resistance.

10. The plant cultivation system according to any one

of claims 1 to 9, which further comprises an irrigation



wherein the supply of the water or the nutrient fluid
fromsaid supplenental feeding neans is controlled in
re 25 spect of the growth stage of the plant being
cul tivat ed.
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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 hydro-
philic film, wherein said water or the nutrient fluid is
fed in an amocunt 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 cul-
tivation support disposed on or above said nonporous hy-

drephilic 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.

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 £ilm,
wherein the supply of the water or the nutrient fluid
from said supplemental feeding means is contrclled in re-

spect of the growth stage of the plant being cultivated.



