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DESCRIPTION METHOD FOR PROMOTING PLANT GROWTH AND
IMPROVING PLANT QUALITY AND GROWTH-PROMOTING AGENT
AND QUALITY-IMPROVING 5AGENT TO BE USED IN THE METHOD
TECHNICAL FIELD [0001] The present invention relates to a method for
promoting plant irowth and 10improving plant quality, and a
growth-promoting agent and a quality-improving agent to be used in the
method. More particularly, theﬁmw ion relates to a method for
promoting plant growth and improving p a?twduality which includes
applying at least one finely-pulverized water-insoluble inorganic

micronutrient to a plant, and a growth-promoting and quality-improving
AgETHE PefRR PROMOTBIGH BIWHNR GBS TEANBASMBREO VING PLANT

finely-pulverized water-insoluble inorganic micronutrient, BACK}G}\I}}%}J&\{F}NG
QLR 13005 1 G ASADE-F ARARY G ATRTDILAHER: WG
indispensable for p| IﬁOﬁ , qciﬂéf(ﬁﬁr }?@Blication of a
water-soluble mic%ﬁﬁnen ?%quggﬁ%%%ose Patent Document 1). A

method of adding a specific water-soluble micronutrient to a liquid fertilizer

has also been proposed (Patent Document 2). Furthermore, a method of
TESISNICIAD Fildabe of a water-soluble micronutrient by applying a

water-permeable coating to the water-soluble micronutrient has been
[088proposed (Patent Document 3). There has been no attempt to directly

o e e ORI Ly
imgfoiie WAL 404R: natentbas bhe Rofntithit QR4 R4 [080Rving agent to

owever, a method of foliar application usually requires applying
be abehicels matutdd tO/BerestitoéulgothegntstivmeveipnesditeT s imethod for
problem in terms of both work efficiency and durability of the effect.

PromRting Rt STNER aPdrBntRYIN&tRIRBb B PESHUIREHASS FARER S &t
liquid fertilizer or,the like, there is a problem that durahilit e ct

ong R B e S g oy T PSRNy AR,

ordMRIER 580 2488 yh6Ee- TR RARLGARAPII 8acRed hethOmethad which contain
sustaining release of a water-soluble micronutrient by coating with a water

at pesmertfledpatingesiithastardnyoprolslémsganisesotvatibesore being used
in practice due to difficulty in controlling the water content in the applied
object because the amount of moisture in the soil in agricultural fields

B s&% qé%jﬁrﬁgges according to the meteorological conditions and the

An e. %) Generally, a water-soluble fertilizer and a water-soluble

[odpe[9anic micronutrient are easily absorbed from roots, stalks, leaves, and
the like of plants and utilized. Therefore, it has been considered essential
for fertilizeestanifoniepphingents todisseivenhiveieindimeesaetfiogdant
fertilizers and micronutrients which are water-%olubl,e have.a 20drawback

P gAY SBIFtHEMIE IR B FRIEFIAMNREHTY FHOHE SBIF dik Y™
runo topsall by rai repe iyat S CI.

PO A o SO L S AR A .

migﬁhﬁa}&ﬁ@@émﬁfﬁﬂ& NeGRSSHYsI0] S8 PRiapRHoNIEIPAFED by ditegtly
spraying a liquid fertilizer onto plants or to improve the soil. However,

Funiremadiceatiyabplied tosplawmg, itleaterdfizcr iseeasiyplamiopatiignt by
sprinkled water or rain and, therefore, must be applied a num%ga% f times.

AP e AT PEIREABIR P ORPRC G BRLETGONE ISR e %‘r’ﬁ.‘&un
e o | LA |
prpeRoi oo Sligct yileasiRe eriiBeiasRvaTkonc e ARk

ch requires enormous’ labor and expense. A sustained release
wat%fli%sru%@é"{amgéai@ micsapuisMandshemicahfestlizers such as
nitrogen, phosphate, and potassium enveloped in a water-permeable resin
[Pkt Ddbenlike hhsrbackbdBA#8dped. However, since the rate of release is
affected by moisture in the environment and therefore easily influenced by
a change in the meteorological conditions and the like, a desired effect is
exhibited only with difficulty. SUMMAIIQY [004a]



10

15

20

25

According to the first aspect, there is provided a method for promoting
plant growth and improving plant quality comprising applying at least one
kind of finely-pulverized water-insoluble inorganic midronutrients selected
from the group consisting of tricalciunt phosphate, calcium titanate and
calcium silicate, and has an average particle diameter of 10 wn or less to
a plant. [004b] According to the second aspect, there is provided a
[Pg@ﬁmmen@mrmplm(@@dmgy-improving agent comprising at least
one kind of finely-pulverized water-insoluble inorganic micronutrients
[P getedied fnomt the/Braul €6ASEIMD of tricalcium phosphate, calcium
titanate and calcium silicate, and has an average particle diameter of 10
[0&0lor less. [0005] The present disclosure has been achieved in view
of the above problems of the related art, and has an gbject of.providin
WG H R e e S AT
diraRRIech oRl 2isERalbpLERR S Sf e wASEOrding: 1R theduraent disalostisth
a method for promoting plant growth and improving plant quality
weeRrffrisingyapial ing htitgagttbae fiew|y- fulveeinsct sy atbed nsgled iz
inorganic micronutrient to a plant is provided. It is preferable that the

walgatrhiolnisronNbHgaNiE Mile ithent Badaezcs /6 fin bkse [Bt8dsiom

isti tricalci h hat dioxid Ici
S o S e i b e S
mi&dAYTageRRItiG e slirmsta i Rlolh RR.OLIRSS 1A Haable RreRAioN he

containing a water-insoluble inorganic micronutrient with an average
mepiasti e ameier el &G pmn i tessischdie mieferaiieni\bythesapglieaticnvater

method, a method of coating seeds with the finely-pulverized ) )
permertiorrssiingesitbhgamenmieroblgheHt by %PH#@@%&%F hefensyprbin practice

finely-pulverized water-inspluble inorganic micronugrient.to a plant
I e AR b T
amSAMOEAISE SHEAINN UPEEHB T A iﬁ%ﬁﬁi‘&%ﬁﬁeﬁ&ggs%@&?@ﬁ@@o

culture, artificial cultivation soil used in a seedbed, a nursery box, and the
thdiketoR06diAt condingre the theekat disclosure, a plant growth-promoting

and quality-improving agent comprising at least one finely-pulverized
[0GH4ter-insoluble inorganic micronutrient is provided. It is preferable that the

wateinsolDe aanicigortenioe atieastang ndselected (eion

the g 85?)’36&?’1%&%9 ortheaicium phosphate, manganese d{igomae, calcium

ardB20RAISHRAENER LI BYIdes sRiCuvalicate sk siligQmaioxidru ARt have
an average particle diameter of 10 pm or less. A flowable preparation

Theafta)inga wate cdnsleleld dnergaitonfiord metientwilhramuawenage dissolve
particle diameter of 5 pm or less is more preferable. The plant

in Yesevth- BOwsyahghese TaUHIRG mABAOMISEP GG THE Hr e e fiseRitkifchave
| d i t. J00O7 . The followi ffeg
draﬁ%%?ggcﬁ [‘)Bynaﬁgg ?‘axr(l: ga I?ﬁea}ﬁ%%t%e{ﬁar%%é% {né?r%n%tgegt\ngl%h% %(ffsdl%?o

ng-a plant wi the present iSciosuire
rurfRFP A ENA R BY QUG EACk Ae ARV S REQRSPS b D APRIYIBG: Wi ciency
product of the present disclosure to seeds and roots of seedling. Flowers
disstieh aswdsag staydivizoei foaradsropdariddof tiie thhviteasainthinirmgessary
freshness by applying the product of the present disclosure to cut flowers,

10 FAPMRITRONEYST ARGt TIRE SRR SREBYE e 99 4 CEVRIF grBivA Bitata O t

. __greatey number of flowers,can be t in,bloom for.a longer peri '

S G e U S P10 DISRLEE O e e e o

ORGSR FIOWE S RHCH: 35 R LXC BT rENBIERE UppEeI! RAING eRfiRes. In
increased, and color, gloss, and taste of crops such as melon and tomato

parcRalbe improfedr apdliteiosefjarcpidettdare e ncrkasddiyubpplyingn a
the product of the present invention to the base of the plant when planting.

corpiaprshe nt ralest e Bl SHB RGBS RMEFGHEREN TR ARaISS SRoTmOus
crops have been grown for many years can be improved by treating the
seeds or the nursery box with the product of the present disclosure or by
applying the product of the present disclosure to the base of the plant.
BEST MODE FOR CARRYING OUT THE INVENTION [0008] Contrary to
the established theory that inorganic fertilizers and trace elements

required for plants must be soluble in water, the inventors of the present
iNnvvzention dicenverad that if at leact nne water-inenhiihle inaraanice



(hereinafter referred to as "product of the present invention") have an
average particle diameter of 10 tim or less and that a powder with such an
average particle diameter can be directly applied to plants. However,
taking the effect on human bodies and environment into account, it is
more preferable to wet-pulverize the water-insoluble inorganic -
micronutrient with a surfactant into a flowable preparation with an average
particle diameter of 5 pm or less before applying to plants. 5[0011] The

1ab ' RUVEL Of the presentinventionsisranplied cas ifiog afteicdihtidontasal
seed or a root of a plant, a nursery box, or a base of a plant when the

cheseedlingis planied.-Since the, piodpbtiof thé presenrinvertiardsinat run
off by sprinkled water, leaked water, rainfall, and the like, an amount

watmepdatbylthespldincantbe likmihed Fordoil Beftiod 100 RE A TRSG (e iyl

the plant to continue healthy growth until cropping. As a resulf At
releRS At GRS S, B ROl GO AR Qe o Lp e o s

can.be improved, A-m of | ing:the.yi j getpptategs,
o R D o] Toatine ) ot e et o012l ™
Wimléilﬁagﬁ@tﬁresent invention, the term "plant growth promotion” refers not
only to simple promotion of plant growth, but also to acceleration of
rhizogenesis, life prolongation of cut flowers, and the like, of course, and
further to inducing healthy and smooth growth inherently possessed by

SUMMN\RIant The term "improvement" used in the present invention refers to

improvement of quality, for example, an increase in yield of 20grains, leafy

[b04ayegetables, and root vegetables, an increase in sugar content as well as

improvement in fragrance and flavor of vegetables and fruits. In the case
of flowering plants, "improyement’ re nromot "d
qUARERETSF HoletRg Bl a{:ﬁt%s{jesfﬁé%péog !iélgcgl’%éé%ép??\l ?/{E/?)gﬁgéf% #Io&v%%g e
" imprd@0 3le26inathe preseidaveiitien: Wet @i "Brdritiig PIARFEraWtR and
insol Lllm‘p [190\{%9 ifp lﬁﬂ?&;‘{{%lw's lé@@fiew iﬁ'@if{}]ﬁdd@rm3l roethod fﬁﬁf@mm néf?fﬂﬁl%@;
_any one of a growth-promoting method or : [ NG ¢
e B SPAGORE BAUS. GO BTt ot SO ing ethod
plantOr agent. [0014] In the present invention, the term water-insoluble
inorganic micronutrient” refers to tricalcium phosphate, manganese
dioxide, calcium titanate, magnesium oxide, 5calcium silicate, silicon
[0648ioxide, iron oxide, cobalt oxide, boric oxide, molybdenum oxide,
aluminum oxide, calcium oxide, zinc oxide, and the like. These may be an
in%&@ﬁﬂ?‘b%@@@@&s@e@ﬂj peralcovtaining any.onelofitheseg and quality-
) compounds. As examples of the miperal, rock F ‘ :

R BE AT B WSO, Sopndin Nt eaeoe
micrdhenikes calache Give el 0{00 LB]SFHa eI BHB R ST S &a HHThE Prasat
caleniVENHion refers o a state afaisubstance of whichethe average particle

diameter is reduced to 10 pm or less, and preferably 5 pm or less, by
[000&1ther wet pulverization or dry pulverization An average particle diameter
exceeding 10 pm is undesirable because the particles mag not b
15sUiticratiny: dissormechpybace papEOBrEieTHE Srarer e E&ﬁi%feéhéize,
the better the effect. However,.since i - [ ent
e R e O e e ot the
exhilQMYEY JIRRitof Putlverization dsndsupilie arotind st nWWetepulenzation is
carried out in the presence of a surfactant which does not adversely affect
Accopiantigrowgteandiexhibits asefficiéntpinstiieg effeeeon thend improving
20water-insoluble inorganic micronutrigntE Dr}é‘heulvegzatiton_gﬁsgﬁlrrigd out
plant @iaditsl forpRis PSRRI G e SbPRe §16 HiHis 38 o Bom the

Sas1s. However,

. viewpaint of preventing, scattering, @ flowalle preparation madebyiwetuble

MOTES N ERYA |3H%ﬁe (taopar é%nr%éé ollfoafsu%{ablé su%]‘actant may be used. The

inorg%%%tc%ﬁﬂ?ri\%ﬁt@é'ﬂ@3@&@@&18@%&@3@mumfmthmﬂm@f
preparation is usually from 0.5 to 50% by mass, and 25preferably from 1

iricalteh30%Yhbyprassmang theseatitend oot esuiasta: ISFESRYI0B M sopayIm
mass. [0016]



As the surfactant, nonionic surfactants such as a polyoxyalkylene alkyl
aryl ether, polyoxyalkylene aryl aryl ether, polyoxyalkylene alkyl ether,
polyoxyalkylene alkyl ester, sorbitan alkyl ester, polyoxyalkylene sorbitan
alkyl ester, a copolymer of ethylene oxide and propylene oxide, and -
polyoxyethylene castor oil ether; a sulphate, a 5phosphate, or a salt of
phosphate, of a polyoxyalkylene-type nonionic surfactant; anionic
surfactants such as an alkylbenzenesulfonate, a higher alcohol sulphate,
lignin sulfonate, naphthalenesulfonate or a salt of naphthalenesulfonate
silicaendedsateodidikyidulfostivomate psoaps ardelsaitoesn phhfodmbRifigss A
cationic surfactants such as an amino acid and betaine surfactant

oo ARy ST O B AIRPRH FRGFEF LOR) EHE S af
imidazoline, a quaternary ammonium ive ants
v ool SN ML B o EoLB et of i of ebre 817
mezklk}@_f}dadi}}&m arsyrfaniantsaddiives suely asiserartifieazing agsit aorganic
- thickener, an antifungal agent, and a defoaming agent which are _
mickommenyusadmdiltdnts mayhecitSaduddetaztderfotvabielpRep HIeRIBRICAS
examples of the antifreezing agent, ethylene glycol, propylene %.I%/col, and
micuienvatives thelst el Hengivessiyg @kﬁ*ﬁﬁhe& %? AR thiRBR Y A

gums such as xanthan gum and.gum arabic, synthetic | ghas

S ey A S
owders of inorgagnic. mi b.as:Ragnesibaluminesiigaiex asid the

hyélg 39“ Cecr]ii';f:t)%ri{fjé,Ei %%é%@%%r%p white carbon can be given. 53018] As

1ike €xamples of the antifimgal agent, generally used antifungal agents such
as alkyl paraben, sorbitan acid and a salt thereof benzoic acid and a salt

[ooabiereof, dehydroacetic acid and a salt thereof; an isothiazole synthetic
disinfectant can be given. 25As examples of the defoaming agent,
generally used defoaming agents such as silicon-containing defoaming
agents can be given. [0019] These additives may be used in an
amount sufficient for promoting plant growth taking into consideration the
type of water-insoluble inorganic micronutrient used, the method of
application, the type of target plants, and the like. A specific amount
sufficient for promoting plant growth may be appropriately determined
referring, for 5example, to the method of application and the amount used
in the following experimental examples. As the method of application, the
water-insoluble inorganic micronutrient may be applied, as is, or after
dilution as required, by a generally used method of applying a vegetable
nutrient to plants such as coating, dipping, drenching (soil drench), and
spraying. For example, 1 kg of seeds is coated with about 30 ml of 10the
fiowable preparation (product of the present invention) or a solution
obtained by dilution of the product of the present invention (equivalent to
several milligrams to several grams as a solid component). Emulsion of a
resin such as a vinyl acetate resin or a styrene-acrylate resin may be
added in order to form a coating film. Cuttings of sweet potatoes dipped in
an aqueous solution of the product of the present invention 15with a solid
component of 2 to 20 ppm produce roots and the growth is accelerated in
one to three weeks. Cut flowers such as rose are expected to exhibit
extended life, if dipped in a 1 to 10 ppm aqueous solution. 1f the product of
the present invention, as is, or a five to ten-fold diluted solution thereof is
applied to a seeding box of rice or to a base of a seedling by soil
drenching when planting (0.1 to I0g per bunch as a solid 20 component),
the yield of rice or potato can be increased and quality of melon or tomato
can be improved, where their color and gloss can be improved and sugar
content can be increased,. The term "plant” includes various decorative
plants as well as agricultural crops and fruit trees. 25 EXAMPLES [0020]
The present invention is described below in detail by way of examples.
However, the present invention should not be construed as being limited
to the following examples. [0021] Example 1 5Ninety grams of tricalcium
phosphate, 6 g of "Sorpol 5082%(a mixture of polyoxyalkylene glycol

sulphate, sodium ligninsulfonate, and naphthalenesulfonic acid formalin
rondencatinn nolvvmer manitifactiired byy Tobhno Chemical Indiictryr Co



Sixty grams of tricalcium phosphate, 4 g of "Sorpol 5082", 1.5 g of
"Kunipia F", and 0.3 g of silicon defoaming agent "ICM72" were added to
213 ml of water. After adding 250 ml of ceramic beads with a diameter of
2 mm, the mixture was 20wet-pulverized at 2000 rpm for 30 minutes,
followed by the addition of 21 ml of propylene glycol to obtain a 20%
flowable preparation (product of the present invention). The average
particle diameter of tricalcium phosphate in the preparation thus prepared
WasA%t%legZ[S)g% &R XRMRIR3, pland 5Wﬂ§1§§m§>91ﬁé@§@|0|um N
phosphate, 2 g of "Sorpol 5082", 1 g of "Kunipia F", and 0.3 g of a silicon
qualitefoamingragantt KIMTR' vreretdekie 61t EEbNRGY Wik “Rkar Atk
250 ml of ceramic beads with a diameter of 2 mm, the mixture . :
inorgretpUvErAEd At 2000 iR or Eosrﬂfﬁﬁﬁ@?{%ﬂ%%a o the Sembon S
. mlof propylenge glycol to abtain % flowable E%B@@H%”o' (rradugt,of the
mw%&éﬂﬁ?‘iE\?&%rf%%‘.ygﬂ?eﬁ‘?\%‘%ﬁ%%@é dia%metg)r of tricalcium phosphate
pholfI e PHERAIAIQNRIIIS PIRBRIRT AR Sinme 1962 akEeampia s Nihety, and
Jramé of calcium titanate, 6 g of "Sorpol 5082", 2 g of "Kunipia F", and 0.3
silic@rpbsiinen fefoaraing agente KMTQE Wenstddéd G0 T5RReT wALEPWRREr
10adding 250 ml of ceramic beads with a diameter of 2 mm, the mixture
prepaasi weteptis riged et Fo0eorpRCTSICTERIITHEL TBHOWE igg thé 4d8ition of
21 m| of propylene glycol to obtain a 30% flowabl re B%IE‘Hm (progduct of 4
partiplg BraBeist W?%éﬁf?bﬁj&%ﬁ%é%&?SF%&é@é?%e g@rﬁ%t%r 0 calciurxgn titanate in
the preparation thus prepared was 9.35 pm, 1151199%%] Exgmple.p
qual Gys{RRIRY e GFA N ST ioKide. %5% SANX CF>20]I.g'1 sodium
[Oodig]ninsulfonate, manufactured by Nippon Paper Chemicals, Co., Ltd.), 1.6
g of "Kunipia F*, and 0.3 g of a silicon defoaming agent "KM72" were
addeieh th 20y eFevatere 2008#ed AudiNgPSG MPat eefaMcBRLR Ritia

diameter of 2 mm, the mixture was wet- ulveriz[ed %}]}%9

| -p . R 40
presemirlisees et VTR BIP IHELRIBITIB A 'GF 21 Aif B Propyiene g%&?ﬁg o'i) ain a
25% flowable preparation (product of the inyentiqn), dihe average
the 11153%88%5‘5@8?8‘?%?%@%?5&? ¢ |%(% ' %gino% Segé%gegg%tion thus Brepared was
rosek-49AML 25100261 Examilecd Fhitiyegrathsioditieaitigriphosphateriyiog
"Sorpol 5082", 1 g of "Kunipia F", and 0.3 g of a silicon defoaming agent
the piAnt BRhwerecaddedtor2 45wl loPwatet I NHErSEmg 256 of ceramic

 beads with a diameter of 2 mm, the mixture was wet-pulveri
Flow.gﬁrwszf@wﬁa%@.e%@&%aﬁ%mﬁé%ﬁa%% 8@5‘% %n"é%?ﬁﬁ??gg

stirging,.21 ml of propylene gl 5 1, a 8% tlowable t
bloagy, 8;5%;}8{?8%1”( %%é)&ﬁﬁﬁeggr%%é\yn?l%%gﬂg%%gmgrageopparticle e

presgéﬁarf%fggu%f&%&@mmnaé% tdheprepasationithus preparedivas 4.5

pm. [0027] Example 7 Thirty grams of tricalcium phosphate, 1.5 g of

be INLIEQXANR 34lbfsidium aid tighinduliortate)h 0 oRed RifhipEIe, 3RdD.1
g of a silicon defoaming agent "1CM72" were added t°t264rgd%fcﬁ'§tﬁ{e

impikited itk S0SM BPESFARTE PRASRATH BciRMEL SRR, the

mixture was wet-pulverized at. 2000, rom for. 20 mi T9; XtuRes
presE13 GUPERBAR ST HOLSRY ATt 3 5 g o aradt o chincaa
shor‘t%%é‘b%}*grﬂ@z&l%@r% o/pixantbanayapwere:gradugliy.addedathilgestisriag
toobtain a 10.3% flowable 15preparation (product of the present
be iiRveRtEny Theiayetageqarticibadiametebot ghlthamr pheshate il the
preparation thus prepared was 4.5 pm. [0028] Example 8 Two-hundred
disclgeams: of \waterwas added $61B0ygeficaloiheddones powdehant.5 20 g
of "NEW CALUGEN WG-2" (Na salt of naphthalenesulfonic acid formalin

BEST MODE FOR CARRYING OUT THE INVENTION

[0008]
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condensate, manufactured by Takemoto Yushi Co., Ltd.). After adding
250 ml of ceramic beads with a diameter of 2 mm, the mixture was
wet-pulverized at 2000 rpm for 7 minutes to obtain a premix. The average
particle diameter of the calcined bone milled in the premix was 1.3 pm.
Separately, 4.5 g of xanthan gum was gradually 25added to 284 g of
water while stirring. After homogenizing, 11.2 g of Acticide MBS (a mixture

of 2-roeifivird-tsatiuazalinsanaany ha-hengiseimazalior3.a8e)0a8lcments

added to obtain a 1.5 ass% solution of xanthan gum. Six grams of the 1.5
remassdbosqiizionrofiskhatudubipuim wasratdedvier80sgpbfith erpsernixtention

‘obtain a 25% flowable preparation (product of the present invention). The
diggraieigd Putidletdratictae YRie BatehE BRI HMBE R HhE S dpaFaITed and

thus,obtained was.1.4 pm. [0029] 5Test Example 1 Rice.rhizogenesis test,.
TEASTIAE 8 BT SRS ST TR 4P R B O e

anSRdeR Hanate G Qjﬁﬂ%éi”ﬁﬁfgvéﬁang?snéaxs@sﬁ.t?ﬁiig%%n%ﬁa%ﬁ%sﬁﬁIy

phosphate, each obtained in the same manner as in Example 1 were
coatidegdatkof endiplastistvpd consaiding 3thmhod Ivwesetotiagpoephre of crops,
solutions, each having a predetermined concentration. After washin
ang\idie Jois DA CE SESAIRRIS. Gravahito s BISVErS el O GUN S TGS 1oepdator
hydroponically cultivated in each of the water-insoluble inorganic
uSF{%é’P ﬁﬁ‘?gﬂ{ %olutions, each having the predetermined concentration, to
[o§bserve absorption of chemicals from the root, formation of the main root
and side roots. Average values 15were evaluated after four days.

Micrgsaapicoabsesy atientoniinmesk feat sichaeositivelygaihefebl present
_ finely-pulverized chemicals around the roots and a number of new side
inveriiehaprirshWinflornuherrathwett-Bredio mefatia criEmaastignd to the roots

fproduc*ion ofg$ic{}e?é%ot ere arti%.ll%ﬂ remarkable in magﬁan se
ol RiBuB ARG RN L PSR CRIET, %M%Bﬁ%ﬁ‘é‘?p?he‘?é Sk Bhown
in\}QnT@Ilglgqur,%QL 9(11%%1‘[& 1:!'1 §h"ét§cﬂfv aﬂ}gc‘?g%qﬁﬁél -ﬁﬁlverized
Concentration (PPm) Main root length (cm) Side roots length (mm)
pattidrebercahgide: reots Matigatatelvihbrlizsolkiblfeadeshn Obicronutrient.  Since
this finding is quite different from the general knowledge that a water-insoluble
inorganic micronutrient cannot be utilized by a plant, the inventors continued the
detailed research using rice seeds, tomato seed_lings, cucumber seedlings, sweet potato
seedlings, and the like.  As a result, it was confirmed that the water-insoluble inorganic
micronutrient was definitely utilized by the plants. In addition, a treatment at a high
concentration, which has generally been considered to be undesirable due to adverse
effects on plant growth, was found to promote rooting and healthy growth of the plants

without inducing phytotoxicity such as physiologic disorder.

[0010]

As a result of further studies on the effective use for plants, it was found that it is
preferable that the finely-pulverized water-insoluble inorganic micronutrient
(hereinafter referred to as “product of the present invention”) have an average particle

diameter of 10 um or less and that a powder with such an average particle diameter can
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1.2 - Manganese dioxide 333 6.5 2.5 Many Calcium titanate 333 7.0 2.5
Many Calcium silicate 367 4.5 1.5 Many Tricalcium phosphate 37 7.5 1.5
Many Trica ¢ um phosphate 343 5.5 1.5 Many [0031] Test Example 2
Cucumber cutting rhizogenesis test 5Flowable preparations of
water-insoluble inorganic m cronutrient of calcium titanate, magnesium
oxide, titanium dioxide, or tricalcium phosphate, each obtained in the

bSEMEANABPEEARIPIERE@M pﬂ?o@v&%f?tﬁ&ﬁ*%%@e%%@t%@ﬁ%% EHBRs and

containing 100 ml of water, to prepare solutions, each having a
epresieteminedconcenttat onSice finbk grown-ubprtdnataly thesabie

degree were collected from a cucumber-growing field 10and cut to a
infrgamicohisbonitiBnEwitheowiittigs Were Hoviils satietignevabbee average

predetermined ?olutions, with the Cmﬂi‘gid of t?ﬁ vines being in contact

PATHE N BSHS AT tHR VLI5S RTSFEAPIIEIELRIBEYS were hydroponically

kQwn at room temperature. On the fifth day, the plants were moved into
[o? sf[r‘: DOm . ; :
resh solutions in order to avoid the solutions go bad. After nine days,

conditigns:ehiRizauenesismwereexaminedsihg Lhtiiadreptiengiowas a seed
determined by adding up each length of all the roots growing from one

onineotTdfe plerggelofstiy total soebiewgthaop i whenvithesdsddhigwnplanted.

Table 2. Rhizogenesis acceleratign effect was remarkaple in calcium

SipsriasrRigh OE AR RIRRIET HGHRRISITNT PHOSEIMSPTOYSe| water, leaked water,

rainfall, and the like, an amount needed by the plant can be utilized for a long period
when required by the plant to continue healthy growth until cropping. As a result, it
was found that qualities such as color, gloss, fragrance, sugar content of crops can be
improved, A method of increasing the yield of rice; sweet potatoes, and the like was
thus found, leading to attainment of the subject.

[0012]

In the present invention, the term “plant growth promotion” refers not only to
simple promotion of plant growth, but also to acceleration of rhizogenesis, life
prolongation of cut flowers, and the like, of course, and further to inducing healthy and
smooth growth inherently possessed by the plant  The term “improvement” used in the
present invention refers to improvement of quality, for example, an increase in yield of
grains, leafy vegetables, and root vegetables, an increase in sugar content as well as
improvement in fragrance and flavor of vegetables and fruits.  In the case of flowering
plants, “improvement” refers to the effect of promoting qualities of flowering plants
such as increase in vividness of flowers.

[0013]

In the present invention, the term “promoting plant growth and improving plant
quality” used with the term “method” or “agent” refers to any one of a

growth-promoting method or agent, a quality-improving method or agent, and a
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20TABLE 2 Results of cucumber rhizogenesis test Concentration (ppm)
Average of total root lengths (cm) Untreated 0 18.7 Calcium titanate 20
50.5 Manganese oxide 20 60.4 Tricalcium phosphate 6 26.0 Tricalcium
phosphate 10 44.0 Titanium dioxide 12 18.2 Titanium dioxide 20 31.5
[0033] Test Ex'ample 3 Sweet potato cutting rhizogenesis test The
flowable tricalcium phosphate preparation obtained in Example 2 was

gradideghionZfith b ilagiidicupapaachecosthining 3001l of water, to prepare
solutions, each 5having a predetermined concentration. Seedlings grown

[Cfd 4pproximately the same degree were collected from a sweet

potato-growing field and cut to a length of about 20 cm. Two tQ three ,
Cutting aHETE e BLER HRHE A BB HBEE LB TR VT B

ref#g ?on{jrigilmgﬂ/ inﬁgs ﬁé@g l’g %ggﬁ%gé Yﬁi&QiH}/e Pa‘?éﬁgﬁ? ﬁga%?ecﬂﬁg%gﬁfg rESxide,‘

€ sweet potatoes were hydroponically groivn indoors at réom

calemperatse. ncthedifhdOday dhrlastsetrianpyad itadresiybdenum
solutions in order to avoid the solutions go bad. After nine days, conditions

oxidahikogenesisxizreexaminadi el hetatsids cinié tigtikeas determineticnn
adding up each length of all the roots growing from one vine. The average

in t8tAEBIAbAGITURERE ARBIYPIRSAON PIES 95 BRAATIP T al]E 3.4

xpemariable thizogenssip acceleraion sfipetobiticale M plIopRAIR s
wollastonite, corundum, hematite, zincite, and the like can be given.

r0015]

The term “pulverized” used in the present invention refers to a state of a
substance of which the average particle diameter is reduced to 10 pm or less, and
preferably 5 pm or less, by either wet pulverization or dry pulverization. An average
particle diameter exceeding 10 pm 1s undesirable because the particles may not be
sufficiently absorbed by the plant roots. The smaller the particle size, the better the
effect. However, since expending too much time for pulverization does not necessarily
increase absorption by plant roots, the lower limit of pulverization is usually around 1
um. Wet pulverization is carried out in the presence of a surfactant which does not
adversely affect plant growth and exhibits a sufficient wetting effect on the
water-insoluble inorganic micronutrient. Dry pulverization is carried out using a jet
mill. Powder may be applied to plants as is. However, from the viewpoint of
preventing scattering, a flowable preparation made by wet pulverization in the presence
of a suitable surfactant may be used. The content of the water-insoluble inorganic
micronutrient in the flowable preparation is usually from 0.5 to 50% by mass, and

preferably from 1 to 30% by mass and the content of the surfactant is from 0.5 to 15%

by mass.

[0016]
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15New roots, which were not observed in untreated seedlings, were
confirmed to grow from every main root treated with the product of the
present inventions. About 20 to 40 side roots growing from one main root
were observed. The results are shown in Table 3. [0034] 20TABLE 3
Results of sweet potato cutting rhizogenesis test Concentration (ppm)
Average of total root lengths (cm) Untreated 0 12.1 Preparation of

Example2 22460 PrepamsiiandhidxamplehZad DfolyBregarationaifyi aryl ether,
Example 2 6 106.5 Preparation of Example 2 8 177.0 Preparation of

paiyarypiey R10:390:8 Prdwarpobivofdixdplel y2othon ®ijoassktest alkyl
Example 4 Sweet potatq cultivation test The ro tﬁg sweet potato

esisEeHiRGaTbBtaThEHh RIS [Eh SPP AR UiftP e P SRR o Ve ene
S R T
phosphate, or a salt of phosphate, of a polyoxyalkylene-type nonionic surfactant;
anionic surfactants such as an alkylbenzenesulfonate, a higher alcohol sulphate, lignin
sulfonate, naphthaleﬁesulfonate or a salt of naphthalenesulfonate condensate,
dialkylsulfosuccinate, soap, and a salt of sulphated olefin; cationic surfactants such as
an amino acid and betaine surfactant, a higher alkylamine salt, a polyoxyalikylene higher
alkylamine salt, an imidazoline, a quaternary ammonium salt can be given.

These surfactants may be used either individually or in combination of two or more,
[0017]

In addition to a surfactant, additives such as an antifreezing agent, a thickener,
an antifungal agent, and a defoaming agent which are commonly used adjutants may be
added to the flowable preparation.  As examples of the antifreezing agent, ethylene
glycol, propylene glycol, and derivatives thereof can be given.  As examples of the
thickener, natural gums such as xanthan gum and gum arabic, synthetic polymers such
as polyacrylate, polyvinyl alcohol, and carboxymethylcellulose, and fine powders of
inorganic mineral such as magnesium aluminosilicate, acid clay, bentonite, smectite,
and white carbon can be given.

[0018]

As examples of the antifungal agent, generally used antifungal agents such as
alkyl paraben, sorbitan acid and a salt thereof, benzoic acid and a salt thereof,
dehydroacetic acid and a salt thereof, an isothiazole synthetic disinfectant can be given.
As examples of the defoaming agent, generally used defoaming agents such as
silicon-containing defoaming agents can be given.

[0019]
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respectively diluted tenfold and 100 ml of each diluted solution was
applied to the base of the planted seedlings by soil drenching. After
normal fertilization control and cultivation for about 50 days (November
20), sweet potatoes were harvested and weighed to determine the yield.
The results are shown in Table 4. It can be seen that 10application of the
product of the present invention to the base of the seedlings only once at

the time-ef planting respieddndanemankableshalvest fereastoiiilant growth
indicates that the product of the present invention was utilized by the

taplagistovems dergipe tiodtpfdinfev0036jcTiBt Bot B Bwest potatenhasedsthe
yield Concentration per plant (g) Yield per plant§ ) Untreated 1 0 877
SR v et AT (P

e G R
exEXRMBPIS Blmethod of application and the amount used in the following
experimental examples.  As the method of application, the water-insoluble inorganic
micronutrient may be applied, as is, or after dilution as required, by a generally used
method of applying a vegetable nutrient to plants such as coating, dipping, drenching
(soil drench), and spraying. For example, 1 kg of seeds 1s coated with about 30 ml of
the flowable preparation (product of the present invention) or a solution obtained by
dilution of the product of the present invention (equivalent to several milligrams to
several grams as a solid component). Emulsion of a resin such as a vinyl acetate resin
or a styrene-acrylate resin may be added in order to form a coating film. Cuttings of
sweet potatoes dipped in an aqueous solution of the product of the present invention
with a solid component of 2 to 20 ppm produce roots and the growth is accelerated in
one to three weeks. Cut flowers such as rose are expected to exhibit extended life, if
dipped in a 1 to 10 ppm agueous solution.  If the product of the present invention, as is,
or a five to ten-fold diluted solution thereof is applied to a seeding box of rice orto a
base of a seedling by soil drenching when planting (0.1 to 10g per bunch as a solid
component), the yield of rice or potato can be increased and quality of melon or tomato
can be improved, where their color and gloss can be improved and sugar content can be

increased,. The term “plant” includes vartous decorative plants as well as agricultural

crops and fruit trees.

EXAMPLES
[0020]

The present invention is described below in detail by way of examples.



10

15

20

23

2209 Preparation of Example 3 1 2244 Preparation of Example 2 2 2618
Preparation of Example 2 2 2597 Preparation of Example 2 2 2946
Preparation of Example 2 2 2767 Preparation of Example 2 2 2206 [0037]
Test Example 5 Melon cultivation test Commercially-available melon
seedlings (breed: Makuwa) were planted in ridges covered with a black
plastic sheet at about 60 cm intervals. The preparations obtained in

HobXamnies 7R84 Shvsrecdilisd depfold @net A28 mhetleashAlyRdbe

solution was applied to the base of the planted seedlings by soil
folidrenghéngmpfter normal Sfertilization control and cultivation, the sugar
content of the melons harvested from the middle of July was measured
[00ddihg a syrup hydrometer ("Nogyoya REF-113"). It was found that
application of the product of the present invention to the base of the plant
*BhHROnce at the time of planting resulted in a remarkable increase in the

SugaE;con g&trgi e nangsk egmgsmé g gawsaﬂ?oh%\gqstﬁdmlg%had

a sugar content as high as 10 that of netted melons. As a result of the

polffaxosiiestnglons west feuscdneh oy teulvat crebseshewaeinesnbtibcid
also exhibit natural scent and delicacy peculiar to the melons. The qualit

forinaprovert tothicon elymiatriasufeioresidosErbe bemy eablndbiindensi

& O AR T AR Byt e Dt od B G @#e%%?@ia@m Co,
Lidf a%l?dg) %%@P?%lJ&ﬁ&&%&ﬂ@@ptﬂm%wg%%% By ten1EL

gar content Untreated
Chemical Co., Ltd.) were added to 152 ml of water.  After adding 250 ml of ceramic

beads with a diameter of 2 mm, the mixture was wet-pulverized at 2000 rpm for 20
minutes, followed by the addition of 21 mi of propylene glycol to obtain a 30%
flowable preparation (product of the present invention). The average particle diameter
of tricalctum phosphate in the preparation thus prepared was 4.5 pm.
[0022]
Example 2

Sixty grams of tricalcium phosphate, 4 g of “Sorpol 50827, 1.5 g of “Kunipia F”,
and 0.3 g of silicon defoaming agent “KM72” were added to 213 ml of water. ~After
adding 250 ml of ceramic beads with a diameter of 2 mm, the mixture was
wet-pulverized at 2000 rpm for 30 minutes, followed by the addition of 21 ml of
propylene glycol to obtain a 20% flowable preparation (product of the present
invention). The average particle diameter of tricalcium phosphate in the preparation
thus prepared was 3.5 um.
[0023]
Example 3

Thirty grams of tricalcium phosphate, 2 g of “Sorpol 5082, 1 g of “Kunipia F”,

and 0.3 g of a silicon defoaming agent “KM?72” were added to 246 ml of water. After

10
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Untreated 2 0 9.4 Untreated 3 0 10.5 Untreated 4 0 10.0 Untreated 50
11.5 Commercial product (same breed) 0 8.1 Preparation of Example 3 1
13.2 Preparation of Example 3 1 14.5 Preparation of Example 3 1 12.5
Preparation of Example 3 1 13.5 Preparation of Example 3 1 13.2
Preparation of Example 2 2 14.0 Preparation of Example 2 2 15.5
Preparation of Example 2 2

adding 250 ml of ceramic beads with a diameter of 2 mm, the mixture was
wet-pulverized at 2000 rpm for 20 minutes, followed by the addition of 21 ml of
propylene glycol to obtain a 10% flowable preparation (product of the present
invention). The average particle diameter of tricalcium phosphate in the preparation
thus prepared was 4.5 pm.
[0024]
Example 4

Ninety grams of calcium titanate, 6 g of “Sorpol 50827, 2 g of “Kunipia F”, and
0.3 g of silicon defoaming agent “KM72” were added to 152 ml of water.  After
adding 250 ml of ceramic beads with a diameter of 2 mm, the mixture was
wet-pulverized at 2000 rpm for 10 minutes, followed by the addition of 21 ml of
propylene glycol to obtain a 30% flowable preparation (product of the present
invention). The average particle diameter of calcium titanate in the preparation thus
prepared was 9.35 pm.
[0025]
Example 5

Seventy-five grams of titanium dioxide, 3 g of “SANX P201” (sodium
ligninsulfonate, manufactured by Nippon Paper Chemicals, Co., Ltd.), 1.6 g of “Kunipia
F”, and 0.3 g of a silicon defoaming agent “KM72” were added to 200 ml of water.
After adding 250 ml of ceramic beads with a diameter of 2 mm, the mixture was
wet-pulverized at 2000 rpm for 40 minutes, followed by the addition of 21 ml of
propylene glycol to obtain a 25% flowable preparation (product of the present
invention). The average particle diameter of titanium dioxide in the preparation thus
prepared was 1.49 pm.
[0026]

Example 6
Thirty grams of tricalcium phosphate, 2 g of “Sorpol 50827, 1 g of “Kunipia F,

1
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14.0 Preparation of Example 2 2 15.0 Preparation of Example 2 2 14.0
[0039] Test Example 6 Hydrangea cutting rhizogenesis test The
preparation obtained in Example 2 was added to 200 ml plastic cups,
each containing 100 ml of water, to prepare solutions, each having a
predetermined 5concentration. New branches of Hydrangea were cut to a
length of about 15 cm. Three cuttings were put into each of the above

an W%E:Sf@@ﬁgoﬁ%m%‘g’%%% gaendplthe stalks beingincontact Afer

e bottom of t erein the Hydrangea were hydroponically

ad @FVPI AhipeM dempe rataewin dlaefifthed ay Stherplartsmivers: mayed into
fresh solutions in order to avoid the solutions go bad. After 25 days,

weeontitionsioft L0 zogefiesis waretexantified gde abyad ddioe|erigehriveasnthan
determined by adding up each length of all the roots growing from on
OB RHG, SHE et Bf RREPER BBERITH TP HhPREELATGE ASHh

in Table 6. A,rhizagenesi 2 tion ef icalciun: as
PR T R AR, R e e o
tridfistufa PHeRPHAHGR dRPFIAVRIGYE0E totplreatianathstem) Untreated 0 0

Preparation of Example 2 4 7.2 Preparation of Example 2 8 7.4 [0041]
[00RE$t Example 7 20Rice yield test A predetermined amount of

chemicals was weighed and embedded into soil together with roots of rice

Exa@glflidgs when the seedlings are planted in a paddy field in
Thirty grams of tricalcium phosphate, 1.5 g of “UFOXANE 3A” (sidium

ligninsulfonate), 0.9 g of “Kunipia F”, and 0.1 g of a silicon defoaming agent “KM72”
were added to 264 g of water.  After adding 250 ml of ceramic beads with a diameter
of 2 mm, the mixture was wet-pulverized at 2000 rpm for 20 minutes. To the mixture,
1.2 g of cobalt chloride hexahydrate, 2.2 g of manganese chloride tetrahydrate, and 0.6
g of xanthan gum were gradually added while stirring to obtain a 10.3% flowable
preparation (product of the present invention). The average particle diameter of
tricalcium phosphate in the preparation thus prepared was 4.5 um.

[0028]

Example 8

Two-hundred grams of water was added to 90 g of calcined bone powder and 1.5
g of “NEW CALUGEN WG-2” (Na salt of naphthalenesulfonic acid formalin
condensate, manufactured by Takemoto Yushi Co., Ltd.). After adding 250 ml of
ceramic beads with a diameter of 2 mm, the mixture was wet-pulverized at 2000 rpm for
7 minutes to obtain a premix. The average particle diameter of the calcined bone
milled in the premix was 1.3 um. Separately, 4.5 g of xanthan gum was gradually
added to 284 g of water while stirring.  After homogenizing, 11.2 g of Acticide MBS (a
mixture of 2-methyl-4-isothiazolin-3-one and 1,2-benzisothiazolin-3-one) was added to

obtain a 1.5 mass% solution of xanthan gum, Six grams of the 1.5 mass% solution of

12
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early May. The product of the present invention comprising tricalcium
phosphate dry-pulverized to an average particle diameter of 6.13 pm was
used as the test product. 25Nine bunches were planted per one test field.
After that, usual wet-rice culture was carried out until harvesting in early
October. The rice crop was dried and weighed to determine the yield.
Good unhusked rice obtained by wind selection was used as the test

xaRAIPEm] 06 SYEIBQRYI8!d O HOGBMIChesyRSNeWRNataRG pi%ﬁaranon

compared with common water-soluble fertilizers, the product of the
(prpERBEDE hvegnRtigs ShaweshhmarseineseaseptTtiot: Yikltet Q4 2hT ARl d bone
Yield of rice grown with calcium phosphates Treated amount (g per 1 m2)
mijgdia &§ieppsionghus nlrsened va3 18%(#00) Calcium dihydrogen
hQsphate (comparison) 1 196 (90) Calcium dihydrogen phosphate
(?%%(inparison) 10 230 (105) Calcium hydrogen phosphate (comparison) 1

TR QB L2RNE4L5) (103) (123)

Rice rhizogenesis test

Flowable preparations of water-insoluble inorganic micronutrient of calcium
titanate, calcium silicate, manganese dioxide, or tricalcium phosphate, each obtained in
the same manner as in Example 1 were added to 100 ml plastic cups containing 30 mi of
water, to prepare solutions, each having a predetermined concentration.  After washing
away soils on rice seedlings grown to a 3.5 leaf stage, four seedlings were
hydroponically cultivated in each of the water-insoluble inorganic micronutrients
solutions, each having the predetermined concentration, to observe absorption of
chemicals from the root, formation of the main root and side roots,  Average values
were evaluated after four days. Microscopic observation confirmed that rice positively
gathered finely-pulverized chemicals around the roots and a number of new side roots
had grown from the main root. Extension of the main root and production of side roots

were particularly remarkable in manganese dioxide, calcium titanate, and tricalcum

phosphate. The results are shown in Table 1.
[0030]
TABLE 1
Results of rice rhizogenesis test
Concentration Man root Side roots Number of
(ppm) length length side roots
PP {cm) (mm)

Untreated 1 0 5 1.2 -
Untreated 2 0 5 1.2 -
Manganese dioxide 333 6.5 2.5 Many
Calcium titanate 333 7.0 2.5 Many
Calcium silicate 367 4.5 1.5 Many
Tricalcium phosphate 37 7.5 1.5 Many
Tricalcium phosphate 343 5.5 1.5 Many

13
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Calcium hydrogen phosphate (comparison) 10 251 Calcium
superphosphate (comparison) 10 224 Tricalcium phosphate (product of
the present invention) 1 269 Tricalcium phosphate (product of the present
invention) 10 268 (123) (Note: Calcium dihydrogen phosphate showed
remarkable growth suppression at the 5beginning.) [0043] Test Example 8
Seed potato treating test 10Potatoes from varieties of Danshaku and Kita
Akari were cut into halves so that each half could have almost the same
number of buds. Cut potatoes were dipped in a 10% solution of the
[OpFeparation obtained in Example 6 for one minute and dried for three days
at room temperature. The treated potatoes were planted in a field with two
Tep‘@\ﬁ/gamy 8des, each having a width of 100 cm and being covered with a

Hﬁplastlc 15sheet, at 40 cm intervals and a depth of about 5 cm
H 5150 Zﬂﬁ?@ﬁiﬁs {%fbw potatoes were dug out plant by plant to

exar@iﬁ%vg%e %?é?a%ﬁ%ﬂ?ﬁ?%@ﬁm%%&aﬁlﬁ% &GP 4¢kalcium
TABLE 8 Yiel potato (breed: Danshaku) Test plant number Yield of

titpeiRlon i RSNV d epamtinn HRiaBpie G g Y ishd gihpatiatectrebtathed in

with preparation of Example 7 (g) Yield of potato
the same manner as in Example 1 were added to 200 m! plastic cups containing 100 ml
of water, to prepare solutions, each having a predetermined concentration. Side vines
grown to approximately the same degree were collected from a cucumber-growing field
and cut to a length of about 15 cm.  Two cuttings were put into each of the above
predetermined solutions, with the cut end of the vines being in contact with the bottom
of the cups, wherein the cucumbers were hydroponically grown at room temperature.
On the fifth day, the plants were moved into fresh solutions in order to avoid the
solutions go bad.  After nine days, conditions of rhizogenesis were examined. The
total root length was determined by adding up each length of all the roots growing from
one vine. The average of the total root length of the two vines is shown in Table 2.
Rhizogenesis acceleration effect was remarkable in calcium titanate, magnesium oxide,
and tricalcium phosphate.
[0032]

TABLE 2

Results of cucumber rhizogenesis test

Concentration (ppm) Average of total root lengths (cm)
Untreated 0 18.7
Calcium titanate 20 50.5
Manganese oxide 20 60.4
Tricalcium phosphate 6 26.0
Tricalcium phosphate 10 44.0
Titanium dioxide . 12 182
Titanium dioxide 20 31.5
[0033]

14




10

15

20

from untreated plant (g) 1 800 480 220 2 580 605 605 3 580 620 480 4
700 1350 420 5 930 810 540 6 605 1080 970 7 640 None 640 8 1440
None 510 9 805 None None

Test Example 3
Sweet potato cutting rhizogenesis test

The flowable tricalcium phosphate preparation obtained in Example 2 was added
to 200 ml plastic cups, each containing 100 mi of water, to prepare solutions, each
having a predetermined concentration. Seedlings grown to approximately the same
degree were collected from a sweet potato-growing field and cut to a length of about 20
cm.  Two to three cuttings were put into each of the above predetermined solutions,
with the cut end of the vines being in contact with the bottom of the cup, wherein the
sweet potatoes were hydroponically grown indoors at room temperature.  On the fifth
day, the plants were moved into fresh solutions in order to avoid the solutions go bad.
After nine days, conditions of rhizogenesis were examined. The total root length was
determined by adding up each length of all the roots growing from one vine. The
average of the total root length of the two or three vines is shown in Table 3.
Remarkable rhizogenesis acceleration effect of tricalcium phosphate was confirmed.

New roots, which were not observed in untreated seedlings, were confirmed to grow

" from every main root treated with the product of the present inventions. About 20 to

40 side roots growing from one main root were observed. The results are shown in

Table 3.

[0034]
TABLE 3

Results of sweet potato cutting rhizogenesis test

Concentration (ppm) Average of t((ét;l})root tengths

Untreated 0 12.1

Preparation of Example 2 2 216.0
Preparation of Example 2 4 90.7

Preparation of Example 2 6 106.5
Preparation of Example 2 8 177.0
Preparation of Example 2 10 320.8
Preparation of Example 2 20 220.8

[0035]
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10 1380 None None Total 8460 4945 4385 Average per plant 846 828

548 Comparison with untreated plant 154% 151% 100% Potato (breed:

Danshaku): Average yield increaseA remarkably by treating the see

5potatoes by dipping. [0045] TABLE 9 Yield of potato (breed: Kita Akari)

Test plant number Yield of potato treated with preparation of Example 6

(9) Yield of potato treated with preparation of Example 7 (g) Yield of
TePOERfpqm; untreated plant (g) 1100 1470 700 2 1040

Sweet potato cultivation test

The rooted sweet potato seedlings obtained in Example 3 (except for the
untreated seedlings) were planted in ridges covered with a black plastic sheet at about
40 cm intervals (July 10).  The preparations obtained in Examples 2 and 3 were
respectively diluted tenfold and 100 ml of each diluted solution was applied to the base
of the planted seedlings by soil drenching.  After normal fertilization control and
cultivation for about 50 days (November 20), sweet potatoes were harvested and
weighed to determine the yield. The results are shown in Table 4. It can be seen that
application of the product of the present invention to the base of the seedlings only once
at the time of planting resulted in a remarkable harvest increase.  This indicates that the

product of the present invention was utilized by the plants over a long period of time.

[0036]
TABLE 4
Sweet potato harvest yield
Concentration per plant (g) Yield per plant (g)
Untreated 1 0 877
Untreated 2 0 825
Untreated 3 0 1008
Untreated 4 0 838
Untreated S 0 857
Untreated 6 0 505
Preparation of Example 3 1 1972
Preparation of Example 3 1 2084
Preparation of Example 3 1 2046
Preparation of Example 3 1 2209
Preparation of Example 3 1 2244
Preparation of Example 2 2 2618
Preparation of Example 2 2 2597
Preparation of Example 2 2 2946
Preparation of Example 2 2 2767
Preparation of Example 2 2 2206

[0037]
Test Example 5

Melon cultivation test

16
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830 580 3 990 850 1000 4 1150 850 420 5 980 760 960 6 1070 1050
1000 7 940 900 None 8 1380 990 None 9 1370 890 None 10 880 1060
None Total 10900 9650 4660

Commercially-available melon seedlings (breed: Makuwa) were planted in
ridges covered with a black plastic sheet at about 60 ¢m intervals. The preparations
obtained in Examples 2 and 3 were diluted tenfold, and 100 ml of each diluted solution
was applied to the base of the planted seedlings by soil drenching.  After normal
fertilization control and cultivation, the sugar content of the melons harvested from the
middle of July was measured using a syrup hydrometer (“Nogyoya REF-1137). It was
found that application of the product of the present invention to the base of the plant
only once at the time of planting resulted in a remarkable increase in the sugar content
of the harvested melons.  That is, the harvested melons had a sugar content as high as
that of netted melons.  As a result of the flavor test, melons were found not only to
have increased sweetness, but also exhibit natural scent and delicacy peculiar to the
melons. The quality improved to the extent that the melons deserved only the word
“delicious”. The results indicate that the product of the present invention has been
utilized by the plants over a long period of time.  The results are shown in Table 5.
[0038]

TABLE 5

Sugar content of melons

Concentration per plant (g) Sugar content

Untreated 1 0 9.0

Untreated 2 0 9.4

Untreated 3 0 10.5
Untreated 4 0 10.0
Untreated 5 0 11.5
Commercial product (same breed) 0 8.1

Preparation of Example 3 I 13.2
Preparation of Example 3 1 14.5
Preparation of Example 3 1 12.5
Preparation of Example 3 1 13.5
Preparation of Example 3 1 13.2
Preparation of Example 2 2 14.0
Preparation of Example 2 2 15.5
Preparation of Example 2 2 14.0
Preparation of Example 2 2 15.0
Preparation of Example 2 2 14.0

[0039]
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Average per plant 1090 956 777 Comparison with untreated plant 140%
124%  100% .... 10Potato (breed: Kita Akari): Average yield
increasetoremarkably by treating the seed potatoes by dipping. [0046]
Test Example 9 Solil treatment after potato planting 5Seed potatoes of Kita
Akan were planted in a 60 cm-wide ridge at intervals of 30 cm To the
planted potatoes, 100 ml of the preparation of Example 7 diluted to a
TeREdetsnined concentration was applied by soil drenching (March 30).
After 90 days, new potatoes were dug out plant by plant to examine the

Hwieldgdheaharyesteshpasaitorstwere classified into seven groups according
to the size to determine the rate of quality 10crops which are commercially
valudlbie prmeraiienajsaiiarcin Ve e thepordasdSomiaa cnl plstneHps, each

condition was measured. The results are shog/:é in.Table 1

é). éOOél?J
CORARIE 1HRUSITEI S I ARISRTEAC S BOtat PRIIMG (ErERd RIS Akari)
cofg AR R B@Hgﬁ%@eﬁf%wéﬁgae'@;&mr@m QErBAn Y

leld of quality crops (%) Starch value (%) 10-fold 684 72.6 44.2 50-fold
ThAR%:88iflgdre put into each of the above predetermined solutions, with the cut end
of the stalks being in contact with the bottom of the cup, wherein the Hydrangea were
hydroponically grown at room temperature. On the fifth day, the plants were moved
into fresh solutions in order to avoid the solutions go bad.  After 25 days, conditions of
rhizogenesis were examined. The total root length was determined by adding up each
length of all the roots growing from one cutting. The average of the total root length
of the three cuttings is shown in Table 6. A rhizogenesis acceleration effect of
tricalcium phosphate was confirmed.
[0040]

TABLE 6

Result of Hydrangea cutting rhizogenesis test

Concentration (ppm) Average of total root lengths

(em)
Untreated 0 0
Preparation of Example 2 4 7.2
Preparation of Example 2 8 7.4
[0041]
Test Example 7
Rice yield test

A predetermined amount of chemicals was weighed and embedded into soil
together with roots of rice seedlings when the seedlings are planted in a paddy field in
early May. The product of the present invention comprising tricalctum phosphate
dry-pulverized to an average particle diameter of 6.13 um was used as the test product.

Nine bunches were planted per one test field.  After that, usual wet-rice culture was
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100-fold 701 86.9 19.5 200-fold 461 68.2 35.0 Untreated plant 529 64.3
14.5 15The yield of quality crops increased 10 to 30% and surprisingly
starch value increased remarkably by soil treatment after planting. [0048]
Test Example 10 20Watermelon treatment test at the time of transplanting
Watermelon (breed: Matsuribayashi 777) seedling pots were dipped in the
preparation of Example 7 diluted to 20-fold when the seedlings were
caifRRSRIADIRE LiRR seedlinasyverafantedin Ack3Q Gmonddricidanialeighed to
intervals of 90 cm. Alternatively, the preparation of Example 7 diluted to a
depredateimainetifoldives apipikddoithelrase dbi Stivedpleattivawameehtothe
100 ml per plant (May 2) without being previously treated by soil
testiranuning. Trect iserasaneldmiation IBrFT sy RiHY MR -twés compared

\watermelons per pla re grown, the watermelons were haryested to
G e E SO R 1 e ESrREMeH i PRCOTE S R P
mc;n]:n[lgpe%% %Tﬁl@#%ﬂil Result of V\_/atermelon treatment test (breed: _

Matsuribayashi 7 7 7) Concentration of preparation of Example 7 Treating

method Mass (g) Average sugar content (%) Diluted solution 10-fold Soil

drench 100 ml 8,880
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12.6 10,260 13.0 Average: 9,570 Average: 12.8 Diluted solution 50-fold
Soil drench 100 ml 7,840 13.0 5,680 11.6 Average: 6,760 Average:
12.3 Diluted solution 20-fold Pot dip 6,980 12.0 6,200 12.2 Average:
6,590 Average: 12.1 Untreated plant

[0042]
TABLE 7

Yield of rice grown with calcium phosphates

Treated amozunt Average vyield
(gperlm’) | (g) | (%)
Untreated 0 218 | (100)
Calcium dihydrogen phosphate (comparison) I 196 {90)
Calcium dihydrogen phosphate (comparison) 10 230 | (105)
Calcium hydrogen phosphate (comparison) 1 203 (93)
Calcium hydrogen phosphate (comparison) 10 251 | (115)
quciurp superphosphate {comparison) 10 224 | {103)
Tricalcium phosphate (product of the present 1 269 | (123)
1n\_fent19n)
Tricalcium phosphate (product of the present 10 268 | (123)
invention)

(Note: Calcium dihydrogen phosphate showed remarkable growth suppression at the
beginning.)

[0043]
Test Example 8

Seed potato treating test

Potatoes from varieties of Danshaku and Kita Akari were cut into halves so that
each half could have almost the same number of buds. Cut potatoes were dipped in a
10% solution of the preparation obtained in Example 6 for one minute and dried for
three days at room temperature, The treated potatoes were planted in a field with two
rows of ridges, each having a width of 100 ¢m and being covered with a black plastic
sheet, at 40 cm intervals and a depth of about 5 cm (March 21).  After 100 days, new

potatoes were dug out plant by plant to examine the yield. The results are shown in

Tables 8 and 9.
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-7,08011.5 6,100 11.1 Average: 6,760 Average: 11.3 As compared
~with the untreated plant, the plants treated with the flowable preparations
of the present invention had an increase in their sugar content, enabling

harvesting of high-grade watermelons with excellent sweetness. 10 [0050]
Test Example 11 Sweet corn soil drenching test Sweet corn (breed:
Miwakuno Corn) was seeded in a 120 cm-wide ridge at 15intervals of 40
[o@m](March 20). The ridge was covered with a transparent plastic sheet to
cultivate the sweet corn in a normal way After about seven weeks, the
plastic sheet was torn to draw outihBXgFofvn plant. The preparation
obtained in Example 7 were diluted to a predetermined fold and applied to

Yighbofwetre shact aH @REU of 100 mi/plant by soil drenching (April 27).

Ripe sweet corn wasyhddvestetiat days dfteldthé ;Raoplic atioiai &H“E‘Fp%@to
HmEasure the mass,tretsderigith, unripe reatethbigar contenh ynireated
Avérage value of thr@&gfeé f’rf]entf; W%r 6@[@{1‘\9}?}3@ The resylisiafe)
shown.in Table 12 B8RRI RHEE 10 ResiBRL L )k orn-soit-drepehing
AR o 1L i AL A i
St \IIJ COIVIVWEKOTTOC 5!_@ COTeeTIiatorT Ul g{bgpal al.IUIIAI l\JI E)\dllg@!; [
Treating method-Massgkdgtat tengthr(cm) Ugpge rate (%) Sugargentent
4 700 1350 420
5 930 810 540
6 605 1080 970
7 640 None 640
8 1440 None 510
9 805 None None
10 1380 None None
Total 8460 40945 4385
Average per plant 846 828 548
Comparison with 1549% 151% 100%
untreated plant

Potato (breed: Danshaku): Average yield increased 50% remarkably by treating the seed

5 potatoes by dipping.
[0045]
TABLE 9
Yield of potato (breed: Kita Akari)
Yield of potato Yield of potato
T ! b treated Iivith treated with g‘ioexlr? Srft?géfég
est plant number preparation of preparation of lant (2)
Example 6 (g) Example 7 (g) P g
1 1100 1470 700
2 1040 830 580
3 990 850 1000
4 1150 850 420
5 980 760 960
6 1070 1050 1000
7 940 900 None
8 1380 990 None
9 1370 890 None
10 880 1060 None
Total 10900 9650 4660
Average per plant 1080 956 777
Comparison with 140% 124% 100%
untreated plant .
10 Potato (breed: Kita Akari): Average yield increased 20 to 40% remarkably by treating

the seed potatoes by

dipping.
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10-fold Soil drench 100 ml 353 165 3.03 17.3 50-fold Soil drench 100 ml
352 171 3.75 16.3 100-fold Soil drench 100 ml 335 167 3.32 16.3
Untreated plant 340 173 4.33 14.7 As compared with the untreated plant,
the plants treated with the flowable preparations 5 of the present
invention had a small unripe rate around their tips and a remarkable
increase in their sugar content, enabling harvesting of high-grade sweet
corns with excellent sweetness. [0052] 10Test Example 12 Rice nursery
box treating test A500 ml solution of the preparation of Example 7 diluted

[0%&fiold was applied uniformly by drenching the surface of soil of a nursery
box immedjately before rice seedlings grown in the nursery box were

Te a@’é?ﬁ}rf?e d (May 10). The rice seedlings 15were planted with a rice

Imﬁ&%@gﬁ#ﬁgﬁg%ﬁgﬂg al cultivation (August 30), rice was
arvest an to meas re the yield. Untreated plant

Seed potatoes of Kita Akari were planted in a 60 cm-wide ridge at intervals of
30 em. To the planted potatoes, 100 ml of the preparation of Example 7 diluted to a
predetermined concentration was applied by soil drenching (March 30).  After 90 days,
new potatoes were dug out plant by plant to examine the yield. The harvested potatoes
were classified into seven groups according to the size to determine the rate of quality
crops which are commercially valuable. The average starch value of the potatoes in

each treatment condition was measured. The resulis are shown in Table 10.

10047]
TABLE 10
Result of soil treatment after potato planting (breed: Kita Akari)
Concentration of Average mass per Yield of quality | Starch value
preparation of Example 7 plant (g) crops (%) (%)
10-fold 684 72.6 44.2
50-fold 439 83.4 35.6
100-fold 701 86.9 19.5
200-fold 461 68.2 35.0
Untreated plant 529 64.3 14.5

The vield of quality crops mcreased 10 to 30% and surprisingly starch value increased
remarkably by soil treatment after planting.

[0048]
Test Example 10
Watermelon treatment test at the time of transplanting

Watermelon (breed: Matsuribayashi 777) seedling pots were dipped in the
preparation of Example 7 diluted to 20-fold when the seedlings were transplanted.
The seedlings were planted in a 180 cm-wide ridge at intervals of 90 cm.  Alternatively,
the preparation of Example 7 diluted to a predetermined fold was applied to the base of

the plant in an amount of 100 ml per plant (May 2) without being previously treated by
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Number of ears 192 EZ VZ Loz IElI 81 8161 I'zzVOZ 17.0Z 2,135¢g
(100%) 2,098.1 g (100%) (000I) g>I 6.17EL'l 520.5 kg (8.67 bags) g
90-ZZ Ear length (cm)5.81 LI LI LI59 1 51 61 811LI LI1 L'L

soil drenching,  After normal cultivation for 79 days, during which two watermelons

per plant were grown, the watermelons were harvested to measure the mass and the

sugar content.

[0049]

The results are shown in Table 11.

TABLE 11

Result of watermelon treatment test (breed: Matsuribayashi 777)

Concentration of preparation Treating Mass (g) Average sugar
of Example 7 method g content (%)
Diluted solution Soil drench 8,850 12.6
10-fold 100 ml 10,260 13.0
Average: 9,570 | Average: 12.8
Diluted solution Soil drench 7,840 13.0
50-fold 100 ml 2,680 11.6
Average: 6,760 | Average: 12.3
) ) : 6,980 12.0
Diluted sclution Pot dip 6.200 122
Average: 6,590 | Average: 12.1
7,080 1.5
Untreated plant - 6,100 11.1

Average: 6,760

Average: 11.3

As compared with the untreated plant, the plants treated with the flowal

ble preparations

of the present invention had an increase in their sugar content, enabling harvesting of

high-grade watermelons with excellent sweetness.

[0050]
Test Example 11

Sweet corn soil drenching test

Sweet corn (breed: Miwakuno Corn) was seeded in a 120 cm-wide ridge at

intervals of 40 cm (March 20).

The ridge was covered with a transparent plastic sheet

to cultivate the sweet corn in a normal way.  After about seven weeks, the plastic sheet

was tomn to draw out the grown plant.

The preparation obtained in Example 7 were

diluted to a predetermined fold and applied to the sweet corn in an amount of 100

ml/plant by soil drenching (April 27). Ripe sweet corn was harvested 56 days after the

application (June 22) to measure the mass, total length, unripe rate, and sugar content.

Average value of three measurements was determined.  The results are shown in Table

12.
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Stem length (cm) 08 L8 [8 zs Z8 V8 8L 58 r 98 878 8.Z8 Plant
height (cm) r586 t01 001 n66 586 66 L6 86 0001 001
[00511
TABLE 12
Result of sweet corn soil drenching test (breed: Miwakuno Corn)
Concentration of . .
ropenct | T s | T | g | S
10-fold sol drench | 353 165 303 | 173
50-fold Soil drench 155, 171 375 | 163
100-fold Sofl drench 335 167 332 | 163
Untreated plant - 340 173 4.33 14.7

As compared with the untreated plant, the plants treated with the flowable preparations
of the present invention had a small unripe rate around their tips and a remarkable
increase in their sugar content, enabling harvesting of high-grade sweet corns with

excellent sweetness.

[0052]

Test Example 12

Rice nursery box treating test

A 500 mi solution of the preparation of Example 7 diluted tenfold was applied

uniformly by drenching the surface of soil of a nursery box immediately before rice

seedlings grown in the nursery box were transplanted (May 10).

were planted with a rice planter.

rice was harvested and dried to measure the yield.

24

The rice seedlings

After 112 days of normal cultivation (August 30),
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Ear length (cm) 5.9191 5.91
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Z'L.1 Tested p Stem length (cm) 06 16 68 LIO6 88 06 88 06
88 176 868 8.68 Plant height (cm) 5.901 LO I 5501 801 901 Hi
801 901 801 501

The rice yield increased by 15 % when 1 kg per 10 acres of the 10% flowable
preparation of the present invention was applied to a rice nursery box before planting.
It is worthy of notice that the weight per 1000 grains of unpolished rice increased a little

and quality was improved.

INDUSTRIAL APPLICABILITY
[0054]

The product of the present invention can constantly supply an amount of
micronutrient necessary for a plant to grow by being applied once onto seeds or a base
of a plant therefore the product of the present invention may be industrially used as
follows. Regarding laborsaving in agriculture, since the product of the present
invention needs to be applied only once to the seeds, to the nursery box, or when
planting seedlings, weekly spraying of fertilizers or additional fertilization is
unnecessary, leading to a reduction of labor and expense. Regarding healthy
cultivation of crops, micronutrient deficiency and the like can be improved, leading to
healthy cultivation. Regarding quality improvement or yield increase, the color, gloss,
and sugar content of crops may be improved and yield may be increased. Cut flowers
last longer, and roots of potted plants become active to have flowers grow healthy and
stay in bloom longer. A system of stably growing and supplying high quality farm
products may be built by applying the product of the present invention. Branding of
these farm products may promote local industries and inérease consumer choices.

Also, highly-functional food crops may be cultivated.
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011 OLO'I LOI Plant cqentlJCN 8 0") 01l Total Average Total
weight of unhusked rice Weight of good unhusked rice Weight of
unpolished rice Yield per 10 acres Weight per 1000 grains of unpolished
rice The rice yield increased by 15 % when 1 kg per 10 acres of the
10% flowable preparation of the present invention was applied to a rice
nursery box before planting. It is woktf notice that the weight per 1000
grains of unpolished rice increased a little and quality was improved. 5

1 .I N DU/K? -Il-i’ll:\:,‘lﬁcl)_dA[%lP Ip!glﬁ g”’r Hﬁaﬂ?@%ﬂt{f Q%cp Stf Q,LHEJ%R{ ecﬁl%m\f comprising

;
invention can constantly supply an-amount of 1m_ cronutrient necessary for

anplyiaatao (grewe By bishg apprbdruheaishteyskedsselvl pase adt & pantitients

scibareforathearadyct afdhenpresentinventivnpardbedndustrialyused aslcium

.{.ollows.(ﬁ%garding Iabors_avingiin a ric%jlitplre sinfe tpoeap)r[%gyct of the

stilcate, ai an average parhigle diamerer of T or [es .
presentinvention heeds'to be appﬁed on y%nce othes e(]s, to the

nursery box, or when planting seedlings, weekly spraying of fertilizers or

» additipnal fertilization; i Hnnecessany. eadingde agadwetionellaberagdhation
expense. Regarding healthy | . . . . .
containing the “at least one " kind of finely-pulverized water-insoluble inorganic

micronutrients having  an average particle diameter of 5 um or less.

3. The method according to claim [ comprising coating a seed with the at least one
kind of finely-pulverized water-insoluble inorganic micronutrients or adding the at least
one kind of finely-pulverized water-insoluble inorganic micronutrients to a plant cuitivating

medium.

4. A plant growth-promoting and quality-improving agent comprising at least one
kind of finely-pulverized water-insoluble inorganic micronutrients selected from the group
consisting of tricalcium phosphate, calcium titanate and calcium silicate, and has an

average particle diameter of 10 um or less.

5. A plant growth-promoting and quality-improving agent according to claim 4, the
agent being a flowable preparation containing the at least one kind of finely-pulverized
water-insoluble inorganic micronutrients having an average particle diameter of 5 pm or

less.

6. The plant growth-promoting and quality-improving agent according to claim 4, the

agent being a plant seed coating agent.
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15 cultivation of crops, micronutrient deficiency and the like can be
improved, leading to healthy cultivation. Regarding quality improvement or
yield increase, the color, gloss, and sugar content of crops may be
improved and yield may be increased. Cut flowers last longer, and roots of
potted plants become active to have flowers grow healthy and stay in
bloom longer. A system of stably growing and supplying high quality farm
7 20products:thay dechbiitit by dpiptyingibheiprbddetedf-thévpresd ntarvéimtidimhle
BEnngh Iiese IR ATerkels My promote local industries and
increase consumer choices. Also, |gah y-functional food crops may be
cultivated. CLAIMS 1.A method for promoting plant growth and improving
g plant gralityneerntisingapplyinglaluleastippeking offinelypuilvetizedim 4,
auerpspluble inoraanic micronuients selecteg 1om the group, i
“eBhsisting o triCHIGuRs pW%scﬁ)ﬁlzlft%}l calcium titanate and calcium Sificate,
plarsdhlazs an average particle diameter of 10 um or less to a plant. 102.The
method according to claim 1, comprising applying a flowable preparation
containing the at least one kind of finely-pulverized water-insoluble
inorganic micronutrients having an average particle diameter of 5 um or
less. 3. The method according to claim 1 comprising coating a seed with
the at least one 15 kind of finely-pulverized water-insoluble inorganic
micronutrients or adding the at least one kind of finely-pulverized
water-insoluble inorganic micronutrients to a plant cultivating medium. 4. A
plant growth-promoting and quality-improving agent comprising at least
one 20 kind of finely-pulverized water-insoluble inorganic micronutrients
selected from the group consisting of tricalcium phosphate, calcium
titanate and calcium silicate, and has an average particle diameter of 10
pin or less. S.A plant growth-promoting and quality-improving agent
according to claim 4, the 25 agent being a flowable preparation containing
the at least one kind of finely-pulverized water-insoluble inorganic
micronutrients having an average particle diameter of 5 um or less. 6.The
plant growth-promoting and quality-improving agent according to claim 4,
the 30agent being a plant seed coating agent. 7. The method according
to claim 1, wherein the finely-pulverized water-insoluble 5inorganic
micronutrient is tricalcium phosphate. 8. The plant growth-promoting and
quality-improving agent according to claim 4, wherein the finely-pulverized
water-insoluble inorganic micronutrient is tricalcium phosphate. 10
ABSTRACT A plant growth-promoting and quality-improving agent is
disclosed. The agent contains a water-insoluble inorganic micronutrient
pulverized to a particle size of not 5 more than a specified particle size,
and is effective for a long period of time if applied a small number of times
to a seed, a root, a nursery box, and a base of a plant. A method for
promoting the growth and improving the quality of plants is also disclosed.
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