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FERTI LI ZER- POLYMER M XTURES WHICH I NHI BI T

NI TRI FI CATI ON I N SO LS BACKGROUND OF THE | NVENTI ON
wWo-2@B@9wi2 t he | nventi on The present invention PGT/US2008/051926

broadly concerned with inproved, |ow pH aqueous

pol ynmer m xtures containing polynmers having anionic

(e.g., carboxylate) functional groups, and | he use of

such m xtures in or with liqujd or solid fertilizer

mat eri al s cont ai ni ng anmoni acal nitrogen, so as to

reduce the extent of nitrification of the amoni aca

nitro en mhen i ed to 50|Is More particul arl t he
FRRW, P e RRuES Tt NIFRIERaftoN 1N soms

their netal salts or conplexes, fertilizer products
and net hods, wherein the selected polyners or pol yner
derivatives ar e BREYBSGRAUMDIQF WEtEeIN YENPEPY bl e,

Fm“@%ﬂiFfYE%FSQ copol ynmers, nost preferably the parti al

s of maleic-itaconic polyners. Description
of Thberddentihv&itionPk aindslly aveehednwitle IIIhpidvzé,leWi pH aqueous polymer
ni trogen- contalnl nutrients since t wn . of e
gy GBS S ) CS GBS A0 B S N B PO s, and the wse
of sueh MARIHQUS oRivlilOSRRYS sélftgfeﬁdlz%ﬂhﬁltdrﬁl&dnmnﬁelahuhé‘»macal nitrogen,
inefficient and possibly detrinental (e.g.

so asje fadugnibraxigher onsifie At g of theppmpnises! nGeEep, Wltanékﬂph@d to soils. More
parti IQ:H Sthgfl{nggnt% oL, J&Eﬁ%ﬁbwﬂhséﬂit:f‘t dﬂlﬁ'ﬂ&] MnJ(ﬁFéle their metal salts or

ract’i on of provide I'trogen, appl i ed
complexes, fertilizer products and methods, wherein the selected polymers or polymer

derivatives are substantially water dispersible, carboxylated copolymers, most preferably the

partial metal salts of maleic-itaconic polymers.

Description of the Prior Art

Plants have been fertilized with nitrogen-containing nutrients since the dawn of organized
agriculture. However, simple incorporation of various nitrogenous ingrediehts into the soil is
inefficient and possibly detrimental (e.g., the well-known phenomenon of “fertilizer burn™).
Growing plants often do not absorb a sufficiently large fraction of provided nitrogen, and applied
nitrogen can be lost through a variety of mechanisms such as volatilization, leaching, hydrolysis,
and nitrification. The general nitrogen cycle is well known, Bundy, Soil and Applied Nitrogen,
Wisconsin-Madison Extension Pub. No. A2519(1998). Additionally, a review of current nitrogen
fertilization technology provides additional details, Shaviv, Int’l. Fertilizer Industry Assn. Int’l.
Workshop on Enhanced-Efficiency Fertilizers (2005).

When ammoniacal nitrogen is added to soil, it is subject to nitrification whereby soil
bacteria including nitrosomonas convert the ammeonium to nitrate (NO,). Thus, if ammoniacal
nitrogen is not immediately taken up by plants, it will soon be converted to nitrate in appropriate
soils and be subject to losses from leaching or volatilization. The nitrification process is
temperature and moisture-dependent, and also is strongly affected by specific soil chemistries.
The problem of nitrification has led to a variety of proposals for slowing down or eliminating the

conversion of ammonium to nitrate by using nitrification inhibitors.
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known, Bundy, Soil and Applied Nitrogen,
W sconsi n- Madi son Extensi on Pub. No. A2519 (1998).
Additionally, a review of current nitrogen
fertilization technol ogy prowides additional details,
Shaviv, Intl. Fertilizer Industry Assn. Int'l.
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schemk bhinblek @l in08ddarteeesfrd Sietrenper at ure and

nmoi st ur e- dependent, and al i t
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in 3.Rn%f?61jl fd aRtdQp f&%ﬁzélegptﬁ& Bnd afihigtiYe 0blaRli2RRMA0Ssek OMHowever, prior
sl'owm ng down or elimnating the conversion of anmoni um

ureaseoninibitorataee dappligghlagnlyifor 4 favcef the many itk PoRigrogpie fostiligsrs, and tend
fertilization technj i.nvo ' ine nitroe
e Sp A B Ol P RS AP 338 i ivoger
loss, fe@&d ithduzarthp prsblehgsertiats itpedrowrthe herewsogit atasoh; thus multiple
the mass transfer .of nutrients _into . the soil.. . .
ol Ga W Fr GHeE s JARPHBE HF S GBRGPETI 1P RO Walpdpnd aro subject o
storaf@lettetac @R dedthbortshe ot @it tdtzRefitfagUBInalIAr tBe Mhibitor doses must be

. enerallg suitable for use in liquid fertilizers. In .
stricthentiofad 1 TreHoS dRleiaripey Pla-eagiaging atdefflecty, QVatson, Inr'l. Fertilizer

Indugﬁlﬁsjé.\gg{ %/ W@ﬁ%iOW%rﬁWIM-tﬁcieh% EOSHi-8k (P8I § 350, Rozas etal.,
No-Till Maize Nitrogen Uptake and Yield; Effect of Urease and Inhibitor and Application Time,
Agronomy Journal 91 (1999); Bundy, Managing Urea-Containing Fertilizers, Area Fertilizer
Dealer Meetings (2001); and Harris, Evaluation of Agrotain Urease Inhibitor For Cotton
Production in the Southeast, UGA Cotton Research Extension Report (2002).

The patent literature is also replete with teachings pertaining to fertilizer compositions.
For example, U.S. Pat. No. 5,024,689 describes nitrogen fertilizers with nitrification inhibitors.
U.S. Pat. No. 5,364,438 describes fertilizer formulations containing water, urea, ammoniuim
nitrate, a phosphoric triamide urease inhibitor, and a nitrification inhibitor. U.S. Pat. No.
5,698,003 also discloses triamide-based urease inhibitors in fertilizers.

U.S. Pat. No. 6,515,090 describes a series of anionic polymers useful in fertilizers for
enhancing plant growth. This patent discloses that the polymers are effective for preventing
volatilization of nitrogen, but does not describe any nitrification inhibition properties or uses.

Despite this long history and abundant prior art, there exists a series of unresolved
problems centered around inefficient utilization of nitrogen nutrients by growing plants. These

problems are particularly acute in the context of reducing or eliminating nitrogen loss resulting

from nitrification.
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schene conplexity needed to prepare them Another
technique is a use of urease inhibitors in

woRaosogeen2 cont ai ning fertilizer products, in aPCEUS08/051926
to increase fertilizer uptake and m nim ze
vol atilization | osses. However, prior urease
inhibitors are applicable only for a few of the nmany
types of nitrogen fertilizers, and tend to be
expensi ve. Mreover, the inhibitors are effective for

only a few days iSUNMREARYNOF THE DGEENTOON, even though
the probl em persists throughout the entire grow n
s e Blsopresanh iRYeRiion ¢ ysreoragiihe prabicsoukiredsboys a’f‘%ﬂ‘l&’i"f‘@a specifically

form!élgg-]dbalghgcgﬁ p%fﬁn&fnti&ﬂnééj\whﬁﬁtcaﬁ Be Hypq{eﬁlcﬁﬁ%bﬁy Mllq{r‘?ncorporated into

t to storage tenperature restrictions In ord
or wttb Iircpmcalom sefrﬁlfcadgzerchmalhwg tuhmanﬂqabmtmﬂedosegrdm@ inhibit the
stri reduce del et
“”"‘f}ﬂaﬁﬁ%‘? pﬁ)g ﬁlbmtél?easeol]gafn]d et@ltls InCizse %ﬁp yllch{ Y2 rcfftnf:d ]1%u1d aqueous
polyﬁﬂdﬂﬁa&tﬁrﬁé’ﬁﬁﬁhe ihventibn hker ksHapap tdcalan aeﬂdlﬁﬁéfembgnmto about 1, and

Fertilizers (2005) | so, Rozas et a
contaRPEe! 141 POERAPBREA B TSt B e e Gt pgotelatively

low 1%0@1& %Qlﬁﬁ:@fb@tlmld}&@ﬁé@%sﬂhﬂ? frof9 hBRANY, 1-204 by abol@he. Use of the

Bundy, Managi ng Urea-Containing Fertilizers,
f eruwze@aﬁéﬁtsugwegépbﬂé@wéw ineetscH giel dooeme: to apfi bitign qf gitrification.

Eval uah ![191@,1;10 f. xﬁﬁlog @51 115 £AS & Lﬁ@%ﬁ%{%ﬁg Eml fH’Clr%fE{%ﬁﬁer compositions

Production I'n out east, tton Rese
contaid h g amiramidRepwitipgéi2(00L)) .as ot goderahizer dongroattione and odiles compounds

whlcla:glpﬁ_[% %ﬁvc\)%stn g&%ﬂﬁrﬁé&:ﬂ%&%@% %Ir @a{] % Esg arfR%erJtnis'xch]é'l {1'8%651 to be generated
whendBSEii IDRss dricbipgeands aideidovagbas whéttonakiich dsihgaidlgsis. To give but one
examlplrtlahlthtf):l ptolymezs of the invention may be applied to or mixed with urea or other nitrogen-
containing fertilizers which have no ammoniacal nitrogen therein as such. Nonetheless, such
fertilizers will undergo reactions in the soil to generate ammoniacal nitrogen in situ. Thus, in this

example urea or other precursor nitrogen-containing fertilizers would be deemed to contain

ammeoniacal nitrogen.

BRIEF DESCRIPTION OF THE DRAWINGS
The single Figure is a graph illustrating the effectiveness of polymers in accordance with

the invention in the inhibiting nitrification in soil, as described in Example 2.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
General Features of the Invention
It has been found that certain types of polymers and metal salts or complexes thereof,
applied directly to the soil or as a part of liquid or sclid fertilizer compositions containing
ammoniacal nitrogen, prevent nitrogen loss and indeed significantly improve nitrogen utilization
efficiency in crop plants, resulting in enhanced crop yields. Generally, these polymers have a
high proportion of anionic functional groups (especially carboxylate groups) and exhibit

significant water dispersibilities, and are more preferably soluble in water. Preferred classes of
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U S. Pat. No. 5,364,438 describes fertilizer

formul ati ons containing water, urea, ammoniumnitrate,
w@2@kospPDri c triam de urease inhibitor, and aPCT/US2008/051926

nitrification inhibitor. U S. Pat. No. 5,698,003 al so

di scl oses triam de -based urease inhibitors in

fertilizers. U S. Pat. No. 6,515,090 describes a

series of anionic polyners ugeful in fertilizers for

enhanci ng plant growh. This patent discloses that the

usefu@%lowméﬁ i ELEdreReT H8cdilf-, PEAMENsLAEn M@, ahd Iphagdtionate-containing
of nitrogen, but” does not describe any nitrification
polyreihiahd topmypeoperd thels negtal fels or GEBPFES- t hi s | ong
hi st or y, and n ior t- e ' a 1.88ir weicht of
of_éelﬁ“r‘l3 ‘}el%yo?p\?ze}%gg‘r %%Irbé)}r‘gﬁ %gﬁ{ ﬁcelg v%&%ﬂ%@ﬁ?%%i iﬂﬁgéc rwelgnt o
aboutt300i sndtabove, afd corttuioge Feastuhree @nd sreffsrabjly ok gensiahwiss per molecule.

These praqbl e re rticularly acute in the
senes B 0BT RS BB Pl IR AEbrcompioes
shouldl MWRict didpb&aié aRd DEMARY hted EEubISYENT kI sHoald be dispersible or
present invention overcones the/problens outl i ned

solubdioperemdeHPEIe R 8! &t §08hP Ty Mo RRATA{ WP SiefifEsotish mild agitation.
Thes%?él?«gl%f‘ic Eﬁé&‘ié&%ﬁémﬂ"&bﬁ? sEBRiche.APRE reftidhiles dl!qié sb@h&Qigon reaction

ncorporated into or with liquid or soli
with fi suffitienzarastiporftcaiion fryefsmhndrbalgert 3 pogenfer. ieg-dradfe, Zn. Cu, Fe,

0 jnhibjit the njtLifi ' gole i Dian, t i e
vin, £ ATy BLLIE 4 S5 QUSSR Ay el macica. oo
polyBéliegksicp shoul@be sl widsrespect tondrmubsiteimgoal hahleal thednofl variations

enco e o LS8 SRS Rl ropggenia
prefeRH IR Ehd Pofy HER Dt C@NinkentitHask fbstaptialy biebepradable.

Polymeric species meeting these preferred criteria typically have at least about 10% or
more preferably at least about 25% (by mole) anionic functional groups capable of reacting with
polyvalent cations, with at least about 50% (by mole) of repeat units containing at least 1
carboxylate group. These species also are typically capable of forming stable solutions in pure
water up to at least about 20% w/w solids at room temperature, are stable over a pH range of
from about 1-10, and are chemically stable in storage at temperatures ranging from about -40°
Cto+70° C.

Many if not most water soluble anionic polymers do not meet these preferred criteria.
Exemplary polymers which are not suitable include salts of high molecular weight, polyacrylic
acid homopolymers, styrene-maleic anhydride copolymers with styrene levels above about 60%
by mole, olefin-maleic copolymers with olefin levels about 50% by mole, most cellulose-derived
polymers, polyethers, alkoxylates, polyvinyl alcohols, and amid-backbone polymers.

To summarize, the preferred polymers of the invention have the following characteristics:

o Dispersible and more preferably fully soluble in water

e Have a significant number of anionic functional groups, i.e.,
at least 10% (more preferably at least 25%) anionic groups by
mole fraction capable of reacting with multivalent metal

cations.
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low levels in liquid fertilizer materials, usually
fromabout 0.1-2% by volunme. Use of the fertilizer
woraioendals gi ves substantially increased yi el dBCDUA2998/051926

to inhibition of nitrification. As used herein,

“anmmoni acal nitrogen" is abroad term enbracing

fertilizer conpositions containing ammoni acal nitrogen

(NH4) as well as fertilizer cpnpositions and ot her

conmpounds whi ch are precursors of ammoni acal nitrogen

or that  CapRe, AP @l‘ﬁﬁﬁbf MHetJoPERE deR1aN§ rERNGA@IBchavhen

the fertilizers or “conpounds undergo vari ous reactions

such as hywnollyisalent cioiogs inesolutvhp ecraxiaing dspersiele or

pol ynmers of Hye.inyFntion may be applied to or m xed

wi th ureaEgplé?ﬂﬁwdﬁftrogencontaining fertilizers

whi ch havermgoymais aaslk tHinhboganl chbeliily fazosuatient

Nonet hel ess, such fertilizers will undergo reactions

in the soi¥®t o generate amoni acal nitrogen in situ.
PrefdPBPoby el B%3RL,E Urea or other precursor

nitrogen-containing fertilizers would be deened to )

c ol auierprefaronhaspeal ofihe inggmtinn, BRY P apRSCRPPIHIEN noxtuTpgre provided

. he single Figure.j [ : ' -

whicB T enaeut i) Fa SRt cBrBbaind e nRtbol 281 nitrogen
contdiMivig PeriihFers with betidbmh phodphatg fariitizdrt.| Bahilynpeakisg iHe pobgner mixtures

o 0SS AT SIATELE B DETALED PESCRCTL O O T o o
aboul TH.85% W Wweight solids. The polymers comprise recurring polymeric subunits each made
up of at least two different moieties individually and respectively taken from the group consisting
of A, B, and C moieties, or recurring C moieties, and C moieties which are not different (e.g.,

polyitaconic acid polymer), wherein moiety A is of the general formula

R4 Rp
moiety B is of the general formula
Rs Ry
R R
3 4 ‘ \
—G C—7
( c G ) or
O——=C C——0
O——C C=——0
0 O
OR; ORg \ /
Y
Or TS T“
(—C——C—)
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It has been found that certain types of polyners and
metal salts or conplexes thereof, applied directly to

w0 b@sseaoh2 or as a part of liquid or solid fertPeT/E82008/051926

conposi tions containi ng anmoni aual nitrogen, prevent
nitrogen | oss and i ndeed significantly inprove
nitrogen utilization efficiency in crop plants,
resulting in enhanced crop yigel ds. Generally, these
pol ymers have a high proportion of anionic functiona
groW 0&2&??§b@%&$eﬁ§£ﬁﬁﬁﬁhﬁte groups) and exhi bit

si gni wat er dlsper3|b|I|t|es and are nore
preferably soluble in water. Preferred cl asses
ofiiseful polymers include dﬁrylic-, itaconic-,
mal ei c-, sul fonate-, and phogphonat e-cont ai ni ng

pol ymers and copol yners, apdotteRoetal salts or
conpl exes. Generally spigking, the polymers of the

i nventi on shoul d have nol ecul ar wei ght of about 1500
and above, and{ceniaing east three and preferably
nore repeat unitg per | ecul e. (generally from about
10-500). Moreover thengolyners and their netal salts
or conpl exes, shélil d be' Rat er di spersi ble and
preferably water sol uble, ic-e—0®hey should be

di spersible or soluble in pure water to a |l evel of at
| east about 5% w at room tenperature with mild
agitation. These polyneric species should carry
sufficient anionic functional groups so that, upon
reaction with a sufficient quantity of cation
(pteferably of charge + 2 or greater, e.g., Ca My, Zn,
Cu, Fe, Mi, Co, Ni), at |east about 10% of all repeat
units by nole fraction are cation-r@acted. The

pol yneric species should be stable Wth respect to
normal chem cal, pH, and therqgl i ations
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encountered in typical agricultural formulations and
field uses. Al though not essential, it is preferred
wo bas/ovdee2 pol yners of the invention be substanPCEIUE2008/051926
bi odegradabl e. Pol ynmeric species neeting these
preferred criteria typically have at |east about 10%
or nore preferably at | east about 25% (by nol e)
ani oni ¢ functional groups capable of reacting with
pol yval ent cations, with at |east about 50% (by nol e)
of wh&RRAl , RNAR GehaividiRdy ahd t8psti vdlyGalebed Yioal ®e group consisting
group. These species also are typically capable of .
of Hf OFhi GgCst sitai ght s branehasnehaih apdcacligalkyl aigrylgragps, bagtCro straight,
__about  20% : ' o] : . -
bran dha R SRS Ao P: B LRCH DETHGHEL BT, BofpEletyf peoute (C o
propishabl(€,), butgtant €0, eat. upeniay)aR i@ sgroapyand OR’ grauabouberein R is se-

ot Ry B 125 P R PR LR e o

groupeX RUBA@RY aig @hJ RRILS W Tl s puce vEID elsttiedl alohethe edupdensisting of H, C,-
salts of high nolecul ar weight, polyacryli aciq% o

Cso sHigEBp Bwﬁ@c&,ha& nderyslivralky] o Anrgravisy gﬁt%fpgliwﬁ‘%lr 1 fife ifdividually

and 1%%%%&%% Lavals rdhowe ARpUonEREN DY ADIR allIChb TS /d the C,-C,

rs wth olefi'n I'evel s about 50% by nol e, nost ‘
alkyl eginhanioneralmsi V ésseprstadfeers thepgpyreednsissing gj¥ RoMn.dtlgsZn, Cu, Ni, Co,

Mo, 90#E¥rv§inﬁl anayt ﬁgﬁ?l By lglngra %Eﬁlgfd%%‘f 919(?1%5&&&13(' Slecte? from the group
su rize, € eferted polyners of the inventlon
consiB@veott fehihg) CHW OF,char@dHeri stics: o D spersible and
mor e, pyefer [ . .
In fuﬁf;cr pref%prleé{ fgrlillllsl, Xt lggslt%?llc %f hrl], ﬂ\;a ?Emd R, is OH where the polymeric
subunits are made up of A and B moieties, at least one of the R;, R, and R, is OH where the
polymeric subunits are made up of A and C moieties, and at least one of the Ry, R,, R;, R, and
R, is OH where the polymeric subunits are made up of A, B and C moieties.

The most preferred polymers of the invention are reaction products of the following

maleic acid and itaconic monomers:

X0

o / \o
oX X0
o oX

where X is individually and respectively taken trom the group consisting of cations,
preferably hydrogen, the alkali metal, and alkaline earth metals, and most preferably H, NH4, Na,

K, Ca, Mg, and mixtures thereof, and the m:n ratio ranges from about 99:1 to about 1:99.
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Have a significant nunber of anionic functional

groups, i.e., at least 10% (nore preferably at | east
WQ@20p/0ga0iDNni ¢ groups by nole fraction capabl e PET/US2008/051926

reacting with nultivalent nmetal cations. The anionic

groups of the polynmer actually react wi th nonoor

mul tivalent cations in soil, while remining

di spersible or soluble in wager. Thepol yneris stable

thermal | y andchem cal | yf orconveni ent use. Preferred

POy 0BLS i8R e JaREL hdsitREESnek A t0suIRr ef erred aspect of

the 1 nvention, |ow pH aqueous pol ynmer m xtures are

provi ded which find particular utility in liquid

fertilizer conpositions includfdg anmoni acal

ni trogencontaining fertilizers w\h optional phosphate

fertilizers. Broadly speaking, thg leer m xt ures of

t he i nventjpn have a pH of t 2 (nore

preferably ] ns from about

10- 85% by

recurring poI ' [ each made up of at | east

two differet ieti

t aken fror%the 350 URA [ of A, B, and C

noi eties, or S ,

which are not different (e.g.,

where X is as defined above and p from about 10 to 500.

In many cases, it is preferred to react the polymer with a metal selected from the group
consisting of the alkali and alkaline earth metals to form salts or complexes thereof, with the
most preferred metal being calcium.

The aqueous polymer mixtures of the invention may be directly applied to soil for
inhibiting nitrification. More preferably, however, these low pH aqueous polymers are mixed
with an ammoniacal nitrogen-containing fertilizer to form a liquid or solid fertilizer material
which is applied to soils subject to nitrification, and typically in the regions ’adjacent growing
plants or pre-emergent planted seeds. In this regard, it has been found that the aqueous polymer
mixtures should be used with such liquid fertilizers at relatively low levels of up to about 2% by
volume (e.g., 0.01-2%), based upon the total volume of the fertilizer material taken as 100% by
volume. Surprisingly, even better nitrification-inhibition results have been found at lower
polymer levels, on the order of about 0.2-0.7% by volume, more preferably about 0.5% by
volume.

A wide variety of ammoniacal nitrogen-containing fertilizers may be used with the low
pH polymer mixtures of the invention. Representative examples include monoammonium
phosphate (MAP), diammonium phosphate (DAP), any one of the well known N-P-K fertilizers,
ammonia (anhydrous or aqueous), ammonium nitrate, ammonium sulfate, urea, ammonium
thiosulfate, and the ammonium phosphates. Likewise, a large number of phosphate feitilizers
may be used, such as the ammonium phosphates, calcium phosphates (normal phosphates and
super phosphates), phosphoric acid, superphosphoric acid, basic slag, rock phosphate, colloidal

phosphate, and bone phosphate.
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pol yitaconic acid polymer), wherein noiety Ais of the
general fornmula noiand noiety Cis of the general
wo eosd2@1nr orwherein RL, R2 andR 7 are indivi deel/U§20881051926
respectively selected fromthe group consisting of H,
OH, C1-C30 straight, branched chain and cyclic al kyl
or aryl groups, C,-C30 straight, branched chain and
cyclic alkyl or aryl Cl1-C30 hased ester groups
(formate (C0), acetate (C,), propionate (C2),
bUBYH Rt Epik 13 brtil BEE inddibs Q%Q/) aisﬂ@@gecgfrpﬂﬂsfertﬂﬁ@r materials of the

OR1gr oups, wherein is selected fromthe
invemomssushi sgmefro@itriets §Zst Ml ghit. Fepraad dhe @x 51 %Plﬁ“fﬁ‘%f chlorides, and
Lhelﬁé@mﬁsubal kyl Qneﬁ{ y] groups; R and R4 are individually

I il 1.01‘1
respec ve y Sel ected from the group consi sting

of H, px@;’hanr@: ediquad Gntilizdormamnetid el of iz mvamtwbrcylaﬂ amn@lnkryhl nitrogen-

i ndi v
cont g &R TRl S areR P S o g Dok Bhe ey e are
addetthrdi8 wathkalxiin ey @b &iticiNEmadfle tdaBnédr €éhpatakyit calﬁﬂTﬁﬂmsm required.
Y is selected fromthe gr.oup consi stin

Surp]%y;fgggglt hzg begy fougd thaigtheggpliquid fetilizay; matgrlalgﬁiﬁe 1te ﬁéagie and resist
setthﬂg duf &ﬁ’é Spit MUn\HrduRhd Yved Beteh &SPEGhEY Yo @ ﬁ@ﬂ’c@ﬁ Cgf)élﬂ%() weeks.

on3|st| ng of not hi ng, CH4,
In th¢ nasbwrfshieds, Pregfodymens afeodings!lyappliehist the ﬁ@hctfenliizerRz R3

anﬂ}iﬁ LIL%'n ngg\él%sw; gl.,tgéag IBS%nchiLesy ﬂ?rﬂgeﬁ)éﬁ %?H%h%ﬁ@ &ﬁ%%%g“%%ls believed
that ths p&ymahesfehd m@ention interfere with or disrupt normal soil nitrification processes by
inhibiting the action of one or more of the metalloenzymes responsible for soil nitrification, such
as ammonia monooxygenase. However, such enzyme activity is disrupted or inhibited in the
microenvironments where the polymers or fertilizer mix tures of the invention are present. Thus,
normal soil processes remain in place outside of such microenvironments.

The single most preferred polymeric material for use in the invention is an agueous
mixture containing maleic-itaconic copolymer having a molecular weight of about 3000, reacted
with calcium to form a partial salt so as to have a pH of about 1. Such a palymer salt may be
made in accordance with the teachings of U.S. Pat. No. 6,515,090, and is mixed in an aqueous
medium at a solids content of about 40% by weight.

Examples .

The following examples set forth the advantages of the presentinvention in inhibiting soil
nitrification. It is to be understood, however, that these examples are provided by way of
illustration and nothing therein should be taken as a limitation upon the overall scope of the
invention.

Example 1

In this example a series of UAN solutions were prepared, including the preferred maleic-
itaconic polymer of the invention. Specifically, each starting UAN solution contained 1/3 by
weight urea, 1/3 by weight ammonium nitrate, and 1/3 by weight water. Individual quantities of
the UAN solution were then supplemented with either 0.5% by volume or 1% by volume

polymer, wherein the polymer material had an initial pH of 1, 2 or 3.5, as set forth in Table 1
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pol ynmeric subunits are made up of A and C nvieti es,
and at | east one of the Rl, R2, R3, R4, and R7 is CH
wobk@se9zone pol ynmeric subunits are nmade up of APCBUS2VIS/G1926

noi eties. The nost preferred polyners of the invention

are reaction products of the followi ng nmaleic acid and

i taconi c nononers: where X is individually and

respectively taken fromthe_ggoup consisting of

cations, preferably hydrogen, the alkali netal, and

I I
bel e e%@(ré & SippRANIRSUAR 86181i8R, Yas Hvé\lll"ﬁs tIM3, control, no-
eoﬁi h%g %E OgFéturgs thereof, and the mn ratio
polymarigad $cr1@mr&b ate diduted to aHAN-Palyggr Fplugiop @& @orRshymer control by

>t general fornula: where X is as defined

VOIurg%oﬁé“gLﬁé’ypmﬁL}lg?n about 10 to 500. In many cases, it is

prEfedinged §cduti@aotert Iﬁmn@myaé three bhfcar ieteal(Apgl e&t@gr identically-
- fromthe gr onsistin al kal nd a
sized g R IE PR OR A s AP S 3? el TRy Blus iz apri 109

with ﬁlb)ﬁemgtwe&%@.éé&d 2MBhekeddiabg, mis&emﬁedﬁh@traguemusm derived from
ol ymer m xtures of the invention may be direct

the d;ézggqi UeeN selugang off oy Ibp/asre pi fl}eﬁ@p}ﬁ-queppﬂ@é@tﬁ gpd I%i/tg/acre in the four
tlmesﬁh{p?%%ﬁ %ﬁin% , TROYRY rmglots &&%%?e\h@mybk@ﬂwe@ SRStV PR &indith 0-90-90

an a niacal nitr ogen- cont al ni
lbs/acfreri‘ﬁli:lfz:elrhzmo ﬂ“brsmoal Waqghaja@m@d byl sib tasiy %ggphch 3) with P at 46
Ebs/acm:,tlf F‘ﬁ‘ ly}acﬁe aéln dil E[—ﬁgjf ? 'fl% élﬁts%ygér?e%keél fall of 0.08,0.54 and

|caI y 1n I'ons adj acent

L@%wﬂ%ﬂw@mmm%%mwmWmWMmmwmmmmwnAmw

ard, it has been found_ fhat t
end of %e growing season (September ”é) the cohnea v%auﬁa uc? hgrvegtng and yields were

measured.

The results of these tests are summarized below.

Table 1
Added Plot 1 Plot 2 Plot 3 Plot 4 Avg.
Polymer Yield Yield Yield Yield Yield
Soln. No. | (pH/Conc.) | (bu/Acte) | (bu/Acre) | (bu/Acre) | (bu/Acre) | (bu/Acre)
i 1/0.5% 137.7 120.6 111.4 129.4 124.8
2 2/0.5% 124.2 112.9 110.5 116.7. 117.2
3 3.5/0.5% 129.3 1104 108.2 120.9 1172
4 1/1% 139.4 120.6 108.2 109.1 1193
5 2/1% 131.8 84.1 97.0 108.3 105.3
6 3.5/1% 125.1 111.2 101.3 104.4 110.5
Control 1 | - 127.6 95.1 101.3 110.0 108.5
Control 2 - 142.8 112.1 123.3 133.7 128.0

The above data demonstrates that the polymer-supplemented test solutions gave

statistically significant yield enhancements, as compared with the no-polymer control. These
yield gains were attributed to control of nitrification in the soil, and not to volatilization of
ammonia, because of the heavy rainfall immediately following the application of the solutions.

It is especially surprising that the best yields were obtained at lower pH levels, especially pH 1.
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m xtures should be used with such liquid fertilizers
at relatively low levels of up to about 2%y vol une

W@ 2008/092002 01- 2%, based upon the total vol unme PET/UR®08/051926
fertilizer material taken as 100% by vol une.
Surprisingly, even better nitrification-inhibition
results have been found at | ower polyner levels, on
the order of about 0.2-0.7%py volunme, nore preferably
about 0.5% by volune. A w de variety of ammoni acal

Also, Qhé fo%? Pork@AkAd oM 26 &8 $90ldad &b Sy DBerieatelnd, b cbf@ared with the
| ow pH pol ymer m xtures o the invention.

higheRelh ewentritativa. eKiaellyes dormateen abinmesHCLA [FRoYpiEE Solution 1
demo&stlat%s tﬁ?tﬁﬁ%ﬂ% rté?}o?h% ﬁ%e@' w(a A§g1(a1§ﬂyocﬁﬂgl%\cﬁﬁtlc§m a8t 20 1bs/acre

|ze amoni s or
of nitagieaditsy UAMmONi um ni trat e, ammoni um sul fate, urea,
amoni um t hi osul f at e, and_t he }ar;gm)nl um phosphat es.
Li kewi se, a large nunber ot*PRSsphate fertilizers may

beanusRdestSHE Bx @8t bheitAfRINUWI A0S [@JS\]MS&BiﬁCtCt@l gibdAMtial nitrification
phosphat es (nornmal  phosphates and su ergpg?f phat es

(WOOépﬁfswﬂé M3 BERYIES Fpa AHEYpROFIte K ci g»y%éh{)férent fertilizer
prodr.{cﬁsggerg E&g@ﬁ@hﬁn g %k&b@%‘rad&%ﬁﬁm{lﬁas uBie aBODO5% by weight and 0.5%

Qther “typical fertilizer ingredients mal}/1
by waglsxonf Iplae m’éedreadwatcmgn fperital b4ly el mplgiceiticanis peflympeof the invention (pH

1), bats% uelj%tnlt}geeto%alll% i mh%rfé}ﬂ“%mgggjgl ptak%/\q s %%E Si}ﬂﬁ. These two

Sulsates ori ateso
fcrtlimmr@mﬂtx iaadtsonirol prdépay oianly hentangun dulfge tidré zaxed into identical
qu'mtht?ets PSﬂ-%lﬁ%ts %laltaﬂﬁ?lﬁ éar\ﬁee 'i]evef.?s of aét:lpltelOl? ITfmareaaf&:r the quantity of nitrate within
each soil sample was measured over a period of 16 days.

The Figure illustrates the results of this test. It will be seen that the control material
exhibited high levels of nitrification, whereas the two polymer-supplemented fertilizers had
statistically significant reductions in nitrification. Unexpectedly, the 0.25% polymer-
supplemented fertilizer gave closely similar and in some cases superiorinhibitibn of nitrification,
as compared with the higher 0.5% product.

Example 3

This example is similar to the yield tests of Example 1, and involves application of UAN-
polymer supplemented solutions to identically-sized, corn-planted plots in Courtland, KS. The
soil was Crete silt loam, pH 7.1, Bray P-1 18 ppm, exchangeable K 220 ppm organic matter
content 2.5%. Specifically, the plots were planted in 30 inch rows (April 20) in soybean residue
with Pioneer 33B51 Corn Seed, and a starter 10-34-0 NPK fertilizer was applied at the time of
planting (10 gal/acre). Six replicate plots were used for each test solution. Shortly after planting,
the plots were broadcast sprayed without incorporation with a series of UAN-polymer solutions
having varying amounts of polymer at various polymer pH levels, to achieve a 160 lbs/acre N
derived from the solutions. The plots were furrow irrigated as required during the growing

season and the corn was harvested (October 1) and the yields were calculated and averaged. The

following Table 2 summarizes these tests.
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fertilizer material (s) are suspended in water and the
aqueous polynmer m xture(s) are added thereto with
wOorRoosigRo1No particular m xi ng regi me or tenpereCT/US2008/051926

conditions are required. Surprisingly, it has been

found that these liquid fertilizer materials are quite
stable and resist settling out or precipitation of

solids over extended storageilperiods of at |east about
two weeks. In the case of solids, the polyners are
directly applied to the solladlefzertilizer. Al though not

wi-shi Ag t.o--be—-bound by any t hanry er—reehani-sm-of
0pesatﬂ 8, it is beid&ki@ld)ij,ﬁﬁﬁt(pm@orﬁo)l r sAeg. Yiedd (bu/Acre)
rmventTonTTter FETe W t1T or_dirstupt _noral soi

nitrification prpbcesses by§-a%i biting the action?Zdf-?
one or,nore of the netallogaégnes respo$3|bL2 f0r1§@|

nitrififcation spich as ambni [ NONQOX\
Fbmeveg such enzyne acti vyd yol s dlsrupted or 203.5
} ||h| bl Lcd -1 LIIC Fretoenv IUIIIH:IILD VVIICI |4 t:ll: pUi)IIH:Ib

or ferdilizer mK Lures of24iFe inventiop are preséntl.
TAUS, hormal _SoiJ process ﬁnaln 'n place out si of
such m'croenvirohnments g | e _nost orpfprrpr?8§1
polynegic materi@gl for usgfyp?the |nvent|on i's an17.7

vt
e e-OHS— AU ottt Rg—rar—e+€— +aeo |.J| € \,upUI VALl

h awhd e @a iR lof el tadt phs @dabntodll yaewhiedRa0 nitrpea ted OWIﬁ dito ammonia
calciumto forma partial salt so as to have

volatgligatien. 1) cogrdiRgly- the W}Pelm@aﬁs WEERAL B RO R P&Sﬁe%ﬂon within
the e} §c!?1 R8s URAGHHAGS R firds the HRfing Mar efhandai P8Rs @Ebtafhed at lower

m xed I n an aqueous nediumat a solids content of
pH leablsund 40 by p@gngmconcentaatmns

Example 4

Commercial 10-34-0 liquid fertilizer was formulated with an agueous mixture containing
a partial calcium salt of maleic-itaconic copolymer at pH 1.5, The fertilizer mixture contained
95% v/v 10-34-0 and 5% v/v of a 40% w/w solids mixture of the copolymer, and was made by
simple mixing of two liquids. The fertilizer mixture did not display any observable precipitation
upon mixing. The fertilizer mixture was then subjected to a simulated ageing and heat stress test
by heating it to 40° C and maintaining this temperature for several days, followed to cooling to
ambient temperature. Again, no obscrvable precipitate was observed during heating or thereafter.

This test represents a significant excess amount of calcium ton as compared with typical
uses, in order to illustrate the unusual stability characteristics of the fertilizer mixture. It is well
known in the art that addition of soluble calcium compounds to liquid nitrogen-containing
polyphosphate fertilizers such as 10-34-0 results in rapid precipitation of various calcium
phosphates. Therefore, the ability of the copolymer to maintain the fertilizer in dispersion
without significant precipitation is a decided advance in the art.

All references cited above are expressly incorporated by reference herein.
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Exanpl es The foll owi ng exanples set forth the
advant ages of the present invention in inhibiting so
waz2smeioii cation. It is to be understood, howeREr/US1008051926

t hese exanpl es are provided by way of illustration and

not hing therein should be taken as a limtation upon

the overall scope of the invention. Exanple 1 In this

exanpl e a series of UAN sol uj4ons were prepared,

including the preferred mal eicitaconic polynmer of the
VVechnXFnt'on Specifically, each starting UAN sol ution
———contained 1/3 by weight urea, 1/3 by wei ght amobni um

nitratej. andAﬁhawbywheuthﬁwmc@nmﬂmﬁdﬂwwdaagaﬂmﬂnm“ﬂ&ﬂﬂﬂmmmP

Conthggtﬁlé‘t l]%%ra%]é aglgatec%l);:o@éoﬁ? P([]Ele% ?%Q)T\zf/fegaeavglpaezll’] I%upg‘% yg?ln:toﬁg)ratlon with
said fehe [z%i Bf e elyPEhidwdlghkanihad 1ﬁ¢iud1li’tgtal[ﬁaﬂyrp¢ﬂ w@inplisig® recurring
or 3.5, as set forth in Table % elow. .The.r

poly e AbR g gsh Sdgedt BARRSS b @ HitlsHnt mpletes ipdi S \ C\t}%and respectively

tdkenqp{ml U orofMORAKIRE oHANB SAlAUE hRRtSies WR k& udhih i %ﬁ)lé@es\/ﬂhd C moieties
N- pol yner sol ution or no- pol ymer control by vol une,

Whlcllﬁmmt diffeygnty whereen mpkrsy @ is of 8¢ geopi@ forsawer e t hen
sprayed three or four tinmes (April 18) over
identicallysized replicate plots of Penbroke silt | oam
soil in Princeton, KY previju h (April 10)
wi th Pioneer 33P70 com see i §%§ eeds/ acre. This
resulted in nitrogen levels d rived If rom

moiety B is of the general formula

Rs R4 Ra R4
( C C ) or ( C ‘C )
o——C C——0 Oo——C c——
ORg ORg O\ O
/
Y
Rs R4
|
or ( G G }
|
o= C—=0
\/



10

15

30

the diluted UAN solutions of 75 I bs/acre in the
triple-sprayed plots and 100 | bs/acre in the four

wao 20988929p2 ayed plots. The soil plots were prevP@UEE2008/051926

(April 12) fertilized preplant with 0-90-90 | bs/acre
NPK fertilizer. This soil was characterized by soi
tests (Mehlich 3) with P at 46 | bs/acre, K at 274
| bs/acre, and a soil pH of 6,p5. The plots experienced
rain fall of 0.08, 0.54 and ﬁ 62 inches on the three

successi v t | uti ons were applied
(Aﬁ?fpoﬁ@$5%$¥ﬁggg%ﬁgmgﬁﬁn§@ t he grow ng sggson

(Sept enber 26), the corn was hand harvested and yi el ds
were neasured. The results of these tests are

surmari zed bel ow. Table The®above data denpnstrates
that the pol ynmer-suppl enented test sol uti ons gave
statistically significant yierd—amhancenents, as
conpared with the no- pohynéf control. These yield
gains were attributed t¢g control of nitrification in
the soil, and ngot to vqfabullzatlon of ammoni a,
because of the‘hé%vy rag nfal | imediately foll ow ng
the application of the Solutions. It is especially
surprising that tfe bestsylelds wer e obtai ned at | ower
pH | evel s, especially pH 1 the | owner
concentration rate of O. 5@”£ave generally superi or
yi el ds, as conpared with t hi gher 1% concentrati on.
Finally, a conparison of tHd Control 2 test versus
Solution 1 denponstrates that the presence of the
poltymer was equi val ent of the addition of about 20

| bs/ acre

0
I
Rg——G,
“{;-CH——mﬁfié—— \\3
| \ S

Y Re——C

|

ol

0
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of nitrogen from UAN. Exanple 2 In this test the
extent of nitrification within a soil subject to
wasogaot: al nitrification (Wol per soil) was PEEBES20081051926
in a laboratory context. Specifically, two different
fertilizer products were prepared using |aboratory
grade anmmoni um sul fate and 0. 25% by wei ght and 0. 5% by
wei ght of the preferred cal ciizimpartial salt of
mal ei c-itaconi c pol yner of the invention (pH 1), based
up@RertiieRt ORalandeRghte afditideallyentd Iregpertiediy splekiedefrom the group

taken as 100% b i ght hese fe tiljzer . -
pr oductgonsgﬁag gﬁ%%ﬁﬂ,c ﬁg@éifﬁﬂ F@ﬁ 5{1&'}5 d cychc alkyl or aryl

sul f at egvBpE C‘PQS?E*rdlgﬁtObﬂaﬁl@ﬁﬁlcﬁﬁh afdlaptlictatles of)irytthﬁcm based ester
test soil, at the sane |evels of addition. Thereaf
the quasioRPy(TfMHE {Fataceiie (5:h PERRIAPAG(G-) LatgT @%& tct up to Cy),

measur ey, e%r sPEid @ﬂ SbudS viRYesn RTﬁ%eﬁb&Hrfﬁjm the group consisting

illustrates eresuts of this test. be seen
t hat t hef Cp@i suhigihtbearichbd elxhn bid eﬂlﬁua@mloewl srps; Ry and R, are

nitrifi C%wu?thalle{ rr%éasetcBUgI s\éﬁcgﬁlfy "the UHRI? Cf{ﬁn??itsﬁlq% of H, C-Cy

fertili'Zers r‘ear 'y "si‘gni canf r I on
I N nitrdfaigas tblﬁﬂcheldhﬁxmeﬁﬁieﬂ/kyg 'llkIyEmOalQBc;ﬁoups R, Rﬁ, R,, and R, are

pol ymer suppl enent d fertl&tl osel simlar
and in @8&5 L@é]gélg 5:3}3[88?1?\1 q‘.ﬁtﬁ%f]%/‘?laﬁ %grou consisting of H, the alkali
ni t :j' fi 191@1%(501‘111{ @ﬁ% ﬂfé@a(teﬂkylﬂahhn&ﬁ@nmr@ﬁ%r Y@s &%ected from the group
roauct a e
P consi mm’)of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V, Cr, Si, B, and Ca; Rz and R,
are individually and respectively selected from the group consisting of nothing,

CH,, C,H,, and C,I,.

The fertilizer material of claim 1, said pH being up to about 1.

[

3. The fertilizer material of claim 1, said polymer being mixed with said
fertilizer at a level of from about 0.01-2% by volume, based upon the total volume of the

fertilizer material taken as 100% by volume.

4. The fertilizer material of claim 3, said level being about 0.5% by volume.

5. The fertilizer material of claim 1, at least one of said R, R,, R, and R, is
OH where said polymeric subunits are made up of A and B moieties, at least one of said R;, R,
and R, is OH where said polymeric subunits are made up of A and C moieties, and at least one
of said Ry, R,, R;, R,, and R, is OH where said polymeric subunits are made up of A, B and C

moieties.
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This exanple is simlar to the yield tests of Exanple
1, and invol ves application of UANpol yner suppl enent ed
w@odosnyons to identically-sized, corn-planted pPCDUS2008051926
Courtland, KS. The soil was Crete silt loam pH 7.1,
Bray P-1 18 ppm exchangeabl e K 220 ppm organic nmatter
content 2.5% Specifically, the plots were planted in
30 inch rows (April 20) in spybean residue with
Pi oneer 33B51 Corn Seed, and a starter 10-34-0 NPK
fertiliger uag, 30RlLEdnAkikNG 4hifP1 %@ haRhRGalib the generalized
gal/acre). Six replicate plots were use or each test
formskl ution. Shortly after planting, the plots were
broadcast sprayed w thout incorporation with a series
of UAN-pol yrmer sol utions havi %8, varyi ng anounts of
pol ynmer at various polynmer pH leyels, to achieve a 160
7 The plots were
furrow iryrifgated as required duririg the grow ng season
1) and the yields
wer e cal culiatled and aJer aged. Ahe Iipol |l owi ng Table 2
summari zes tlhese test The irrigation of the
test plot [ d any nitrogen | oss
oW ng t o Anmon Accordingly, the
yield increases were attri control of
nitrification within the test soil. This data further
confirms the finding that enhanced yields are obtained

at whawe! st diie¥ @hs paasactirdowesut 10l 300er
concentrations. Exanple 4

7. The fertilizer material of claim 6, wherein at Ieast some of said X

substituents are metal cations, and some are H.

8. The fertilizer material of claim 7, at least some of said X substituents being

selected from the group consisting of the alkali and alkaline earth metals.

9. The fertilizer material of claim 8, at Ieast some of said X substituents being
calcium.

10. The fertilizer material of claim 8, said polymer being a salt or complex.

11. The fertilizer material of claim 1, further including a quantity of a

phosphate fertilizer.
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Commercial 10-34-0 liquidfert izer was fornulated wth
an aqueous m xture containing a partial calciumsalt
w@boosmd®iz-i t aconi ¢ copolynmer at pH 1.5. The fReT/Ub10a8051926

m xture contained 95% v/v 10-34-0 and 5% v/v of a 40%

w w solids mxture of the copolyner, and was nade by

sinple mxing of two liquids. The fertilizer mxture

did not display any observabjg precipitation upon

m xing. The fertilizer m xture was then subjected to a

si mul at g4l agﬁh%ﬂué‘&q p'B Mher kGRS niERE a ?H d1elib B8oii2, §8d polymer

40 C and mai ntarning this tenperature for severa
mixtetays;ludiof h gubtndrcoopokinggedioriagrbelynterit enlperiteaelemade up of at least
ovo G Mg B R VPRSP B E BT RIS MGz 4,5 ana
C moSbt@R] & @Rtin@XCRbRHSARUAIC Mbidtiah cihih dreRoadiffeampariedein moiety A
~ with typical uses, in order to illustrate the unusua
is of reggsneint {Pr@Mly acteristics of the fertilizer mxture.

It is well known in the art that addition of soluble

cal ci um conpounds to liquid nitrogen-containing

pol yphosphate fertilizers such as 10-34-0 results in

rapid precipitation of va%{eu3+ea+cHuﬁ}phosphates.

Therefore, the ability of theg copol yner to maintain

the fertilizer in dispersiongaMthoug significant

precipitation is a decided adVance I h the art. AU

references cited above are expressly incorporated by

reference herein.W claim 1. An aqueous liquid

fertilizer material conprising an anmoni aca

ni PIgHER dodft BF serRgalier ek zer and an aqueous pol ymer

m xture having a pH prior to incorporation with

RS F{4 Ra R4
( C c ) ( C C )
O——=C c—=0 O=——=C C——0
or
ORs ORg 0O /o
Y
R R,
or |
(~C—-—C—)
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WG amand20s2 each made up of at

said fertilizer of up to about 2, said polyner mxture
i ncl udi ng a pol yner conprising recuping polyneric

noi eties individually and respectively taken fromthe
group consisting of A B, and C noieties, or recurring
C noieties, and C noieties which are not different,
wherein noiety Ais of the ggperal formula noiety Bis
of the general fornulaand noiety Cis of the general

f o iR WL 8Ltk lroriRdiaand R7 are individually

and respéciively Selected fromthe group consisting of
H, OH, Cl-C30 straight, branched chain and cyclic

al ky] or aryl groups, Cl-C300straight, branched chain
and cyclic alkyl or aryl Cl1-{I30 based ester groups
(formate (CO), acetate (Cl), cpropippate (C ), butyrate
(C3), etc. up to C30), I%.@Eﬁ groups, and OR groups,
wherein Ris selected fz&m t he group consisting

O C-C30 strai ght branchegd chain and cyclic al kyl or
aryl groups; Care™i ndi vi dual | y and
respectively sel ected fiomthe group consisting of H,
Cl- C30 straight, Branché&d chain and cyclic al kyl or
aryl groups; R5, R6, RO 1 R1 are individually and
respectively selected fromjfhe grbdup consisting of H,
the alkali netals, NH4 and it he Cl-Qlal kyl anmoni um
groups, Y is selected fromQhe group

or

0]
I
/RS c\
( <
C CH C— 0
[ e
|
O
or
O

| east two di ffer eP@T/US2008/051926



consisting of Fe, Mnh, My, Zn, Cu, N, Co, M, V, Cr,
Si, B, and Ca; R and R are individually and
w0 e®pegiivel y sel ected fromthe group consi stiPQI/v§2008/051926
not hi ng, CH2, C2H4, and C3Ho. 2 . The fertilizer
material of claim1l1, said pH being up to about 1. 3.
The fertilizer material of claim1, said polyner being
mxed with said fertilizer ajga level of from about
0. 01-2% by vol une, based upon the total volunme of the
fe\%érk IZR" Ratagi Rl d}éﬂfrﬁf‘vﬁﬁa%pgr(ﬁ QMSp\é@ﬁ sefetedNBom the group
fer izef’ material of claim3, said evel bei ng about
0.5% byconeisung of 51, QHe G, €kt striights bremched ghaipfand|qychs alkyl or aryl
SE)I lyreg?:’ 8O§§ Uln * gtrdéghet l?}g:'dqéwgfcﬁa;g aRé C%Cglcg—[r%@ ?I éatd based ester
| east opeupd (femhde R3), dedtas(@’, R’;’Jr@pﬁor@ﬂ: me,rtettﬁ'auec(C) etc up to Cm)
Bnd ac Rexdierne. ord 0f: ons. Whoteiedt BagleSiearRy Eurppp consisine

where s @ -0Q|syHRAL braithbdbhsn @ﬁ@cf@i@%lkm odbryfgrddpady®l, and R, are
C noieties. 6. The fertilizer material of claim 1, sai

pol ymerinHesdurdlytane igapretiaely Zecied fim dhaeere oRUpigting of b, Ci-Co
1(‘::: It Iolnl %%?g[ﬁ’al{ﬂgﬁ(%%? cfh?ﬁrqn@h’%lghc }%ﬁgglg?r%?%qoﬁ ﬁ ali’ést, R,, Rw and R, are
of sai dinXividually and respectively selected from the group consisti ncr of H, the alkali
metals, NH, and the C,-C, alkyl ammonium groups, Y is selected from the group
consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V, Cr, Si, B, and Ca; Rgand R,
are individually and respectively selected from the group consisting of nothing,

CH,, C,H,, and C,H;.
13. The polymer mixture of claim 12, said pH being up to about 1.

14. The polymer mixture of claim 12, at least one of said R;, R, Ryand R, is
OH where said polymeric subunits are made up of A and B moieties, at least one of said Ry, R;
and R, is OH where said polymeric subunits are made up of A and C moieties, and at least one

of said R,, R,, Rs, R,, and R, is OH where said polymeric subunits are made up of A, B and C

moieties.
15. The polymer mixture of claim 12, said polymer having the generalized
formula
X0
O
p
0 o]
OX XO
O OX

wherein X is a cation and p ranges from about 10-500.
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suhstituents are netal cations, and sone are H 8. The
fertilizer material of claim7, at |east sonme of saidX
wa@aisvdouent s bei ng sel ected fromthe group coPGI/BE51008/051926

of the alkali and alkaline earth netals. 9. The

fertilizer material of claim8, at |east sonme of saidX

substituents being calcium 10. The fertilizer

material of claim8, said petyner being a salt or

conplex. 11. The fertilizer material of claim1,

furtheri&nclmdémgﬁazquamUﬁmyo@kkanmhbswh@tblatimﬂtSOHE of said X
ertilizer. % .. ueous ymer m xture having a pH

SubSt&Fe‘UBa‘tedn‘étB ‘"Lf‘ctloﬁs Samﬁc?lr‘gﬁe m xture including a
pol ymer conprising recurring polymneric subunits each
made up of at least two different noieti

i ndi vi dual | yTa?léemgéeﬁéE?tPV%ll‘if alajd, £t %S’ﬁ?ttsﬁ’élcg‘?foﬁ?bd X substituents

£ ] Sk afd al@GHE EdrOmEials.
being SRS 8 B PR T R 1R aGEHE E

wherein noiety Ais of the general formula nnlety Bis

of the ner t :

For m afbr whor el AT AR IRy A 7h 5 Shet e TaRgr o subsitvents
beind @$qieet i vel y sel ected fromthe group consisting of H

OH, C1-C30 straight, branched chain and cyclic al kyl

or aryl groups, Cl1-C30 straight, branched chain and

cyclic g kyl TR fedtilVder GlitdeR obases 1 BShRI polymer being a salt or complex.



groups (formate (C0), acetate (Cl) , propionate (C2),
butyrate (C3), etc. up to C30), R COQ2 groups, and OR
w@e@apo0inherein R is selected fromthe groupPCT/US2008/051926

consi sting of C1-C O straight, branched chain and

cyclic alkyl or aryl groups; R3 and R are individually
and respectively selected fromthe group consisting of

H, Cl-C30 straight, branched,ghain and cyclic alkyl or
aryl groups; R5, R6, RO and Rl 1 are individually and

respect b(r el yASI%E&%U%g 1ﬁl§19fﬁnﬁrhﬁtrﬂfcgt‘il&l G@t‘ﬂﬁi §dil &nPHhisifl the steps of

the al k netal s, NH4 d the C1-C al kyl ammoni um
applygn@igpsyd ¥6il an splcout quﬂrf@]miltzmngtpmiwc,sghf@r@tm REUFL. Fe,
M, My, Zn, Cu, Ni, Co, Mo, V, O, Si, B, and Ca; R
and R are individually and respectively selected from
the group consisting of nothing, CH2, C2H4, and C Hfi
13. The polymer m xture of claim 12, said pH being
up to about 1. 14. The pol yner m xture of claim 12, at
| east one of said R1, R, R3 and Ris OH where said
pol yneric subunits are made up of A and B npieties, at
| east one of said R3,R2 and R7 is OH where said
pol yneric subunits are made up of A and C nvieti es,
and at | east one of said Rl, R3, R3, R4, and R7 is OH
where said polyneric subunits are made up of A, B and
C noi et es.
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15

3]
N

15. The polynmer m xture of claim 12, said pol ynmer
havi ng the generalized fornmula wherein X is a cation
wa@easpaoanges from about 10-500.16. The ferti | P@BEDS2008/051926

mat eri al of claim15, wherein at |east sone of said X

substituents are netal cations, and sone arc H 17.

The fertilizer material of claim , at |east sone of

said X substituents being sebgcted fromthe group

consisting of the alkali and alkaline earth netals.

18. The,fert %Lq'aﬁ@émﬁfﬁﬁﬁfd @hi1Qkr ShRkm éb?nagprﬁ;'incl L£ARMoRRIE] nitrogen-

of said X ti'tuents being cal cium
contaﬁzeng Felriilzzm amm poliyaler pfesarit & saidLmixtegioda [RyFlafeip [@abey 2% by volume
basecﬁ F]?Cm ﬁ]e tg ﬁFumLf %f thAe lnel%lcrﬂ?gl t;%%er'SPﬁtewaL 'tzﬁ\%n as 100%7 by weight, said
polyra@Rbitiphigini Qe G aditl p@lymeﬁasm&@mhlmmﬂmuﬁ of etrltaslt tvzcedlffcrent moieties

material as set forth jn claim1l. 21. ous
i B [PPSRl Y AP B GO Srrnacd o B, and Eloietes. or

recurlhg @%&@E&nﬁﬁd Oilefi@rwhibh 2@motdi@efe Ol dTEIN RSN s dflthe general
salfd mxture at a level of up to about 2%y vol une
formigased upon the total volunme of the liquid fertilizer
material taken as 100% by wei ght, said pol ymer
conprising recurring polyneric subunits each nade up
of at least two different noieties individually and
respectively taken fron1phé—gnoap—canﬁ}sting of A, B,
and C noieties, or recurring |{C noiefies, and C
noi eti es which are not dlffeﬁgnt erein noiety Ais
of the general fornula 2

moiety B is of the general formula

R A
Rs Ra 3 4
{ Y
C C
( G C ) T 7
or oO—0C O
QO——=C cC=—/0
O O
OR;5 ORg \/
Y
R Rl
or |3 |4
(—C—C—)
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noiety Bis of the general fornulaand noiety Cis of
the general fornmula or orwherein Rl, R2 and R7 are

wo paB®Yunl | y and respectively selected from t PET/gsmO051926

consisting of H OH C C O straight, branched chain
and cyclic alkyl or ary! groups, C C straight,
branched chain and cyclic al kyl or aryl Cl1-C 0 based
ester groups (formate (Q0), -2&etate (C ), propionate
(C), butyrate (C3), etc. up to C30), RLICO2 groups,
anthdORbiegr Oupst thalgenahinfoRnulas sel ected from the group
consi sting of Cl1-C30 straight, branched chain and
cyclic alkyl or aryl groupsph R3 and R4 are

i ndi vidually and respectivelly selected fromthe group
consisting of H C1-C30 strdiaght.,_ branched chain and
cyclic alkyl or aryl groyps;” RS RE? RLO and RL 1 are
i ndividually and respeg®i vely selected fromthe group

consi sting of ,H, the kali netals, NH4 and the Cl1-C4
al kyl ammniM@upsQ s selected fromthe group
consi sting of Fe, M, , Zn, Cu, N, Co, M, V, C,

Si, B and Ca; Fjand Rpgre individually and
respectively selected frgmthe %r oup consi sting of
not hing, CH, C2H4, and Q841 The fertilizer

material of claim?2l, said|level being about 0.5% by
vol ume. O
or
I
/RS C
( CH ¥ } \\3
| N
R, Hg_ﬁ
O
or
I
Rg C—Q
( CH u\) \Y
I e
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23. The fertilizer material of claim21, at |east one
of said Rl, R2, R3 and R4 is OH where said polyneric
W@ amand2s2 are nmade up of A and B npieties, at PEHBES20081€51926

of said R3, Rand R7 is OH where said polyneric

subunits are made up of A and C noieties, and at | east
one of said Rl, R, R3, R, and R7 is OH where said

pol ymeric subunits are made 4p of A B and C nvieti es.

24. The fertilizer material of claim 21, said polyner

hav the ge I zed r [ g
Y00 G DRI, SR LAY YiSTGpEerarp ecgtl aim e v

mat er i atonsfsting aif H,24H, Ghéhe Eimalaht besasheds ehan @nd sicde lkyl or aryl

:T-ﬁgsfc ;:élr%?it)si gafcgﬁ%{gdﬂg‘g l:():r%%ttl,hot, Lhﬁillggd §)§:%lqeg§t 88]2@ C]aﬂ hased ester

sai d X sdbgd irbmené eCHeicoatesE, E@t@ﬂoﬂﬁt@(@qb h:eltjgﬂml,(ﬁ:j) etc. up to Cyp),
consi sting of the alkali and al kal ear E
27. TheRﬁg%tqu%e?n%‘aﬁe%TPaps SR sElec f1°é%§1‘3 Egypeonsisting

of sai dyplc SUbShiHE MR8l Bithif BAE LHC aﬂgﬁ of B8/1 groups; R3 and R, are
fertilizer material of claim 26, sald€ ymer being a
Tefe BT

salt orindotigadly anggesprsEvelyseicried do onp opsigliag #f H. Ci-Cso
21, 1 “J&aﬁ‘@{t ﬁﬂﬂﬁéﬂéﬂ'cﬂgmaangl%@m Eﬁf(yp& Q’yp@[‘éﬁf?@ Qij, R;, Ryand R, are

ferti
mchwdually and respectively selected from the group consisting of H, the alkali

metals, NH, and the C,-C, alkyl ammonium groups, Y is selected from the group
consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V, Cr, §i, B, and Ca; Ry and R,
are individually and respectively selected from the group consisting of nothing,

CH,, C,H,, and C,H,.
232, The fertilizer material of claim 21, said level being about 0.5% by volume.

23, The fertilizer material of claim 21, at least one of said R, R,, Ryand R,
is OH where said polymeric subunits are made up of A and B moieties, at least one of said R;,
R, and R, is OH where said polymeric subunits are made up of A and C moieties, and at least one

of said R,, R,, R;, R, and R, is OH where said polymeric subunits are made up of A, B and C

moieties.
24. The fertilizer material of claim 21, said polymer having the generalized
formula X0
O
p
O @]
OX XO
O OX

wherein X is a cation and p ranges from about 10-500.
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30. A nethod of inhibiting nitrification within soi
conprising the steps of applying to said soil an

waouwsoe®1t i quid fertilizer material as set forP¢I/UR2008/051926
claim 21.

25

25. The fertilizer material of claim 24, wherein at least some of said X

substituents are metal cations, and some are H.

26. The fertilizer material of claim 25, at least some of said X substituents

being sclected from the group consisting of the alkali and alkaline earth metals.

27. The fertilizer material of claim 26, at least some of said X substituents
being calcium.

28. The fertilizer material of claim 26, said polymer being a salt or complex.

29, The fertilizer material of claim 21, further including a quantity of a

phosphate fertilizer.

30. A method of inhibiting nitrification within soil comprising the steps of

applyving to said soil an aqueous liquid fertilizer material as set forth in claim 21.
ppiying q q



