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INHI BIT NI TRIFI CATION I N SO LS BACKGROUND OF THE I NVENTION 5 Field of the
| nvention The present invention is broadly concerned with inproved, |ow pH
aqueous poMPA8/0991Zt ures cont ai ni ng pol ynmers havi ng aniPER/US2q08/031926 ,
carboxyl ate) functional groups, and tile use of such mxtures in or with
liquid or solid fertilizer materials containing ammoni acal nitrogen, so as
to reduce the extent of nitrification of the amroni acal nitrogen when
applied to soils. Mdxre 10 particularly,-I-he invention is concerned with
such polymer m xtures, their metal salts or conplexes, fertilizer products
and net hods, wherein the selected polyners or polyner derivatives are
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Prior Art Plants have been fertilized with nitrogen-containing nutrients
since the dawn of organize I r .npl e incorporation of
vari ous nitrogenous i ngred%&@émW@ﬁ%@NT@ﬁi ci ent and possibly
det r i nent@Eld(of ti@ Invédtenwel | - known phenonenon of "fertilizer burn").

G ow ng plants_often do not absorb a sufficiently |large fraction of
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mechani sngixaledcdntainifl blyhiefaidvaik anl@RC '.g'f',&arl:’%)(?lﬁ@kﬁﬁicﬁonal%ps, and the use
nitrification. The general nitrogen cfyc_ € is well known, Bundy, Soil and
Appl i ed Nifsuaaigeixturesinsarorigh hqua e sdid festiliaersheseriPs pontajpin grangmoniagad ggogen,
Addi ti onal | ' LN . AN i
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ammoni aca}:l n'&trog, n.Ilsradd‘?d tQ_soi It ci:It IS ésHb' ect 40 ni Hi feil,sc%}i O er
wher eby SOMPIEXBY R4 | BRRTRA ﬁ‘B n’P?PSsSOr% 2™ cORVETT E;[dhg nicurR 10"
nitrate (dNEBYtived AreSsubktan@dliyowaRe dispersible; 0gboxylaed 0bpdlymned| mioed prefeedbiynthep by
plants, it will oaﬁncp%e aio_n\_/erted to nitrate in appropriate soils and be
subj ect tPgtAHEEES s3lis Bl malelEHiaRRPIOPOWBESt i | i zation. The nitrification
process is tenperature and noi sture-dependent, and also is strongly

affected by specific soil chem stries. 30 The problemof nitrification has
|l ed tb a Resstirtiop abtheRiégso¥al s for sl owing down or elimnating the

conversion of pRFEvEBRdnPerfizdfth Atrobthlddiattifd AdtiERE LRl chO BV &Rk Simized

agriculture. However, simple incorporation of various nitrogenous ingredients into the soil is

inefficient and possibly detrimental (e.g., the well-known pheromenon of “fertilizer burn™),
Growing plants often do not absorb a sufficiently large fraction of provided nitrogen, and applied

20 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, areview of current nitrogen
fertilization technology provides additional details, Shaviv, Int’l. Fertilizer Industry Assn. Int’l.
Workshop on Enhanced-Efficiency Fertilizers (2005).

25 When ammoniacal nitrogen is added to soil, it is subject to nitrification whereby soil
bacteria including nitrosomonas convert the ammonium 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.

30 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.



WD 2008/ 092012 PCTI US2008/ 051926 -2 One prior fertilization technique
i nvol ves sustained release fertilizers wherein a coating is applied to
nitrogen fertilizer particles to inpede or otherw se control the mass
transfer ofWOREB/PI2BIA s into the soil. Sustained rel ease RAEAS206305ME
generally not water soluble and thus the fertilizer products are not
generally suitable for use in liquid fertilizers. In addition, such 5
sust ai ned rel ease coatings are relatively expensive owing to the cost of
materials and reaction schenme conpl exity needed to prepare them Another
technique is a use of urease inhibitors in nitrogen-containing fertilizer
pr f)duclt s, in @xlﬁblﬁ-fdr@'éﬂtilitzﬁidnrtmﬁﬁe iﬁ@ﬂ&dslshﬁﬁﬁewrﬁtag&efeﬁn&efé \nhdi‘i:ili'ne cozt\)t:ng
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I nhi bitor and, |ication, Tj e, rono Journal 9 1999).; Bundy,
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(2001)¢ abWe ElgchiiSe. Médoved, i inkibitddafd éfebtild RASHly e Riayin rEliicirgaitreen

Production in the Southeast, UGA Cotton Research Extension Report (2002).
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21

abundant HsefesMeires (HLY we Eeiss Ryaluasien gf AgrielioPiyease nhibitor For Cotton

Production in the Southeast, UGA Cotton Research Extension Report (2002).

20 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, ammonium
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.

25 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

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

from nitrification.



probl ens centered around inefficient utilization of nitrogen nutrients by
grow ng plants. These 30 problens are particularly acute in the context of
reducing or elimnating nitrogen loss resulting fromnitrification. WO
2008/ 09201 ¥ PP8/09221308/ 051926 -3 SUMVARY OF THE | NVENTIPOY/UN2e08/0519%6 nt

i nvention overcones the problens outlined above and provides specifically
formul at ed aqueous pol yner m xtures which can be applied directly to soil

or incorporated into or with liquid or solid fertilizers containing

ammoni acal nitrogen, in order to inhibit3.the 5 nitrification process within
the soil and thus increase crop yields. The preferred |iquid agueous

pol ymer m xtures of the inveSUMMARYOFTHEINVENPION about 2 and preferably

up to about 1, and caontain nmetal salts or conplexes of the pql yners.  The
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| i quild orosainirg ferilizetsiveldch baverosarhmoniacal auittagen ithiagein as such. Nonetheless, such

fertilizers will undergo reactions in the soil to generate ammoniacal nitrogen in sifee. Thus, in this
example urea or other precursor nitrogen-containing fertilizers would be deemed to contain

ammoniacal nitrogen.

20 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
25 General Features of the Invention
It has been found that certain types of polymers and metal salts or compiexes thereof,
applied directly to the soil or as a part of liquid or solid 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
30 high proportion of anionic functional groups (especially carboxylate groups) and exhibit

significant water dispersibilities, and are more preferably soluble in water. Preferred classes of



amoni acal nitrogen, prevent nitrogen |oss and indeed significantly inprove
nitrogen utilization efficiency in crop plants, resulting in enhanced crop
yi el ds. General | t hese pol yners have a 30 high proportion of anionic
functional Y§?8WB920Bspeci al |y carboxyl ate groups) and eXMITV200345H06 i cant
wat er dispersibilities, and are nore preferably soluble in water. Preferred
cl asses of WO 2008/ 092012 PCT/ US2008/ 051926 -4 useful polyners include
acrylic-, itaconic-, nmaleic-, sulfonate-, and phosphonate-contai ni ng

pol ymers and copol yners, and their nmetald-salts or conpl exes. Cenerally
speaki ng, the polymers of the invention should have a nol ecul ar wei ght of
about 1508cfmhgobereinchud acomicaiitacanic, eaadtic, lsnlfenaterdamt phesphbhafe-nentaningpeat
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and pref er abl yGeteiztly spedkitd, €he polgmerstdight inkhention sheuldimpe aahdlecularweiglalafbl e
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normal chem ca t her vari ations encount
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car boxyl @héougfeddtdin typrRelCagiRAORLAE fodmuiktidh€ atd/ Réldalsky AaBaldtEn&tfestedlinl, s
stable solutions in pure water up to at |east about 20% w w solids at room

t enper at @reermag ‘Bafs‘f’%tB?‘ém’GVé?f the jppertignde sybstantial pbigdseradabley, and are
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to +70 C, Many’if nost ub e anionic polyners do not neet
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styrene- erc de copol ymers w rene reve ove a
nol e, ol eérboxyiet graupc diheseyspeciss wisd dre oyppdally chlmbw of fahoing s&bY% dojutions m puno St
cel | ul osg; wa e? rulp\{g gt 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°
20 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
25 polymers, polyethers, alkoxylates, polyvinyl alcohols, and amid-backbone polymers.
To summarize, the preferred polymers of the invention have the following characteristics:
e Dispersible and more preferably fully soluble in water
e Have a significant number of anionic functional groups, i.e.,
atleast 10% (more preferably at least 25%) anionic groups by
30 mole fraction capable of reacting with multivalent metal

cations.



25 polyners, polyethers, al koxylates, polyvinyl alcohols, and am d-backbone
polynmers. To summari ze, the preferred polyners of the invention have the
foll owi ng characteristics: Di spersible and nore preferably fully sol uble
in water BR800 fi cant number of anionic functi on®CTFBASHSI26 ¢ | at
| east 10% (nore preferably at | east 25% anionic groups by 30 nole

fraction capable of reacting with multivalent netal. cations. WO
2008/ 092012 PCT/ US2008/ 051926 -5 The ani onic groups of the polymner
actually react with nono- or nultival ents-cations in soil, while remaining

di spersible or soluble in water. The polyner is stable thermally and
chem cal ly for conweniTaatnioficigseupsef dfeqolymutr Retugliveregctawith fonoi | i zers I n one
preferred aspect of the i .verti 033 | ow HH pgueous .Bolpilmer. iﬂ xtures are
provided which find BRPETE@RFcaiions M 3pth while wepaining A{spFisiplg O ormosi ti ons
i ncl udi ng ammoni acal wéltibIeGE RategoNt ai ning fertilizers with optional
phosphate fertilizers, Broadly speaking, the polynmer mxtures 10 of the
i nvention have a pH offhepelymesis sigble thermplivand chgraically for egpvenieBbout 1), and
contai s from about 1Q-85% by weight solids. The polymers conprise
recurring polyneric subunits each made up of at |east two different
noi et i es Pmtkrred odimeeys amdl Fesdiperst i vel y t aken fromthe group consisting of
A B, and C ngieties, or .rec Lng C noi et i and C noieti i rbf not
G freront (e gnond EEreth s el e hyenlR, B it aq R0 polRe bl DE S A
gener al fwiichFiad particulaHuflity in ligitid fe#tiliZe carhyosRions indluding agenaiiadal hiabgen-a 3
4 20 Rs Rg .4-.CC-9], . . . . .

containing fertilizers with optional phosphate fertilizers. Broadly speaking, the polymer mixtures

10 of the invention have a pH of up to about 2 (more preferably up to about 1), and contains from

about 10-85% by weight 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
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or -1 1 Occ=025U116 1 R\ or R3is fl I) 30 O=Cj =0 0 WO
2008/ 092012 PCTI US2008/ 051926 -6 and noiety Cis of the general formula O
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R7 RO C-0 20 O WD 2008/ 092012 PCT/ US2008/ 051926 -7 wherein R ,R2 andR7 are
i ndi vidual l'y andrespectively selected fromthe group consisting of H OH
Cl- C30 straight, branched chain and cyclic al kyl or aryl groups, C -C30
strai ght, 082012 hai n and cyclic alkyl or aryl C, - CRCTHR2008/06926r
groups (formate (CO, acetate (C,), propionate (C/), butyrate (C3), etc.
up to C30), R CO groups, and OR groups, wherein R is se 5 |lected from
the group consisting of C,-C3. straight, branched chain and cyclic al kyl
or aryl groups; R3 and R4 are individughkly and respectively selected from
the group consisting of H C,- C30 straight, branched chain and cyclic
al kyl or aryl \gfewﬁ&,,HgandRﬁareRid'bvldlmllly%dasmcimdywlehmiﬂrgmtlﬁgiompamp@'srmfgvel y

| ected f f H, | k t al HA d
& on U B s BrR Srineht oip aid SR Oh DT B COnsF oD
Fe, M, Mganch&d cidin aMl cydfie, allyd oMaryl &, -C5J bas&l est&h grotigh E@cmdre (@) Cthﬁte]f(CQ)

i ndi vi dual |y and respectively sel ect ed from the grou consisting o
not hi ng, Reepionats (G), bakgatede), ete il rerqab?eRC@ Sramsednd @R naroupy, wWheredt Rdpge- of

R, ,5 R3eQ88 B the WBR:E&: POLYMetrhigh %%El‘iléciém%(ﬁ AR§GicUikfor Aind B
rml eties, at |east gl?gpo ' R2%nd Et OH wher e Itlhegfﬂlf):o y)?ré,rrl (r:ﬁ
subunits m@sn&o@dtﬁa apf lnmvmllaan«i)reemcesely acﬁeptest fromdbe grone corsisting o, ¢‘a2
R3, R4, [
and © ojgt rameht Hhadchehib BhSehnE o] & MR ol RO R i B e Ry
product s anfl réspectivelyl selecied frommthei growciotsiatheh ofti,.clhe likatimmate SH, @ t@e C2C, m n
O O e Rn R R, s e SR Y i SSRE e han, MG, SRS

10 Mo, V, Cr, Si, B, and Ca; R, and R,, are individually and respectively selected from the group

consisting of nothing, CH,, C,H,, and C,H,.

In further preferred forms, at least one of R, R,, Ry and 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 R, R,, R,, R,, and

15 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,

OX XO
C OX

where X is individually and respectively taken from 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.

30



preferably hydrogen, the alkali netal, and al kaline earth netals, and nost
preferably H NH4, Na, K, Ca, My, and m xtures thereof, and the mn ratio
ranges from about 99:1 to about 1:99. 30 WD 2008/ 092012 PCT/ US2008/ 051926
-8 This re¥X1088093918duct has the general fornula: XO OPC/US200808B9WX XO O
OX 10 where X is as defined above and p fromabout 10 to 500. In many
cases, it is preferred to react the polyner with a netal selected fromthe
group consisting of the alkali and alkaline earth metals to formsalts or
conpl exes thereof, with the nost prefegred netal being calcium The
aqueous pol yner m xtures of the invention may be directly applied to soi
for 15 i nhi biThig\@adtidnlprédueahasaie gbdef fgriler abl y, however, these | ow pH
aqueous polyners are mxed wth an ammoni acal nitrogen-containing
fertilizer to forma liquid or solid fert'éizer material which is applied
to soils subject to nitrification, and tQ% cally in the regi ons adjacent
growing plants or pre-energent planted seed I% this regard, it has been
found that the aqgueous polymer m xtures shg pe used with such liquid
fertilg zers at rel atiwg

0. 01- based upon t pre—fertilizer material taken as
100%by voI une. Sur pritsi ngly d y nitRification-inhibition results
have been found at | ower on the order of about 0.2-0.7% by
vol une, nore preferalysy . 7 0o VONume. A wide variety of anmoni acal
ni trogen-containing fertilicpergomay be usegshwi th the low 25 pH pol yner

m xtures of the invention. Representatio £ exanpkes i ncl ude monoammoni um
phosphat e (MAP), di anmoni um phosphate (DAP), any one of the well known

N-P-Kofertili z@efe 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

15 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 'adjaccnt 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

20  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

25 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

30 super phosphates), phosphoric acid, superphosphoric acid, basic slag, rock phosphate, colloidal
phosphate, and bone phosphate.
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with calcium to form a partial salt so as to have a pH of about 1. Such a polymer salt may be

made in accordance with the teachings of U.S. Pat. No. 6,515,090, and is mixed in an aqueous

20  medium at a solids content of about 40% by weight.

Examples .

The following examples set forth the advantages of the present invention 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

25 invention.
Example

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

30 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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Table 1 WO 2008/ 092012 PCT/ US2008/ 051926 -10 bel ow. The respective

pol ymer - Hdfu. e Mha tréspediN pﬁ&mbﬁ—@m@lemwdeﬂmmaﬂﬁmspamwwl 3s qunmioyrmr- UAN

sol uti ons, iluted to 1/ 2. UAN- ol utiqgn,or - r ol
o o uelygr 34N sahutiggt Sy At i A R et ot SR capRlbl
t hree or Vfogyﬁe 14 WBiSr (,ﬁp@m{ncw) over identically- 5 sized repli cat e pI ots of

Penbroke silt loamsoil in Princeton, KY previously planted (Apri ?
with Pioneer Foprduiedspluignywvate then, smyeéé@%?rafe%ﬂmm&mle@bP‘(@ddqnﬁcal -

ni trogen ol gy ¢l 1c£’(g‘b ?&ﬁ%&%blié’%ﬁ I%In} s FH%N:[%Q'IFY Lp?é\ﬁoﬁgl éﬁnﬂe@%;ﬁﬁﬂfl%?' n

the triple-spraye N ots acre in the sprayed plots.
The soil Vpﬂtﬂlenmeii??@rcem wa@ﬁgﬂﬂmﬂwdds/ﬁ@s Theis réshitedtid npiregeh develswietiveddrono- 90

01267 AT EAN 5ol B 58 eG54 50, B b nd DL 1

pl ots expiefdsepreget plaisn Thalsbil pfotHwers prélidudl ya(@gpril 1?7512m1mt1@scpdnnt whia 0-90-2@

of the ol Ger NERalgHiqeSe g st Vagshat et oy s e Rl Al e % "
yi el d® Westacrd/Rak gw;bs/ameaﬂm&ltpﬂ &¥f6 4. flﬂﬁ%ldt@@)lp‘énaﬁ&d&ﬂmwm bsham 15

Table 1 Added Plot 1 Plot 2 Plot 3 Plot 4 mer Yield Yield Yield
Yi el d Yi 163 ingliss gn theghree sugacssive dayg pligrahe &luteqs@/vm élypl(eslif\m §9-21 b f1tABS e)
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The results of these tests are summarized below.

15 Table 1
Added Plot 1 Plot 2 Plot 3 Plot 4 Avg.
Polymer Yield Yield Yield Yield Yield
Soln. No. | (pH/Conc.) | (bu/Acre) | (bu/Acre) | (bw/Acre) | (bu/Acre) | (buw/Acre)
1 1/0.5% 137.7 120.6 1114 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 108.2 120.9 117.2
20 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
25 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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15  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 superiorinhi bition of nitrification,
as compared with the higher 0.5% product.
Example 3

20 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 tirme of

25 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

30 following Table 2 summarizes these tests.



as éonpared wi th the higher 0.5% product.

Exanple 3 20 This exanple is

simlar to the yield tests of Exanple 1, and involves application of UAN-

pol ymer suppl enented solutions to identically-sized,
Cour t | and, V&200870%20125oj |
exchangeabl e K 220 ppm organic matter
plots were planted in 30 inch rows (April
33B51 Corn Seed,

Pi oneer

corn-planted plots
| oam pH 7.1, BrRGI/F52008081924m
content 2.5% Specifically, the
20) in soybean residue wth
10-34-0 NPK fertilizer was appli

was Crete silt

and a starter

in

ed

at the tinme of 25 planting (10 gal/acre)l2- Six replicate plots were used for

each test solution.

Shortly after planting, the plots were broadcast

sprayed wi thout incorpor atl on wth a sT@ble& of UAN- poI ymer sol utions

havi ng v

a 160 | bgd/ acre SblnddNpi ved f
ﬁ.

irrigated as reqw

(Cct ober

2 Sol n.

2 1/19% 21

217.7 T

| o0ss owi 1
were attr
data furtH

| ower
10-34-0

p

I UVUI S, o d.(,lll

| otAvarefieldi(bv/idswe)

-y+rrg—anount-s—of Fymer—at—vartous—potyn

onfddes Radymer (pH& onthe

fflon

ve

durin

., Season a

VO 20@,&/@92012 PCT

I_IIr‘nnh Miaol d (Wi ] Any o0 1. 0. 200 .29

nd the co ‘Fb s harvest ed
_agﬂd__lhw ng
us2008/ 0§1'L§Q6 -12 Tlabl e

.9

prr—coOte AT I_\L:IC} J_ LI V. I7U £ 4

lo- V-6
5.9 53 Z*YO 5%203 5 4 2/1%/(21% 1 5 3.5[0.5% 2082@3.56 3.5/ 19

D

g Irrigatjon of 1nNg test ploLs _essentrally preventf&ﬁ
gto a hia 10 voliatilizati % Accordingly, the v
n the te

i butabl e 4 ocontrol |[of nitri on withi oil.
4 55% | rln "\V'f\ ﬁi\sfg nnrl At

jncrease
Thi

ﬁl’\

ancad \n
TCATTO UU ]

ny nrirogen

S
S

hnr I"f\I’\'FI s f hn 'Fl nrll avel + hﬂf
3 A>3 VU LU AT TTeu “atl
NS.

i |1 evel s and at | owmer pol yrreBSiD%centratl o] Exarrﬁlﬂ’!l Conmer ¢
Iquid Tertitizer was rornurated wih an a

| ueous m Xxture contal

15 a partial Clledirigaiiendfitholestpipe pesentiallypne venicd gay yimegemlosypwing 5o anpmenia
ferti ld z Qroldﬁléﬁt%n. A%Q&Idﬂ'lgﬁv? ﬁle yield increases were attributable to control of nitrification within

15

the test soil. This data further confirms the finding that enhanced yields are obtained at lower
pH levels and at lower polymer concentrations.
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% viv 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 observable precipitatc was observed during heating or thereafter.

This test represents a significant excess amount of calcium ion as compared with typical
uses, in order to illustrate the unusual stability characteristics of the fertilizer mixture. Itis 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.

i al
ni ng
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i ncorporated by reference herein. -13- W clg'nl 1. An aqueous pol yner

m xture having a pH of up to about 2, said p mer mxture including the
acid or partial salt formof a copolynmer having\the formula XOO p O7 O
OX XO O OX where X is a cation selected fromth p consisting of H, Ca,
My, and m xtures thereof[and p ranges from akogt 10-500. 2. A nethod
conprising the step of apply i m xture of claiml1l. 3.
The polymer m xture of clailm|l, pt of ammoni acal nitrogen-
containing fertilizer mxed W 4. The polymer m xture of
claim 3, said copol yner bei of from about 0.01-2% by
vol une. 0

where X is a cation selected from the group consisting of H, Ca, Mg, and mixtures

thereof, and p ranges from about 10-500.

2. A method comprising the step of applying to soil the polymer mixture of claim 1.

3. The polymer mixture of claim 1, including an amount of ammoniacal nitrogen-

containing fertilizer mixed with the copolymer.

4. The polymer mixture of claim 3, said copolymer being present at a level of from

about 0.01-2% by volume.

5. The polymer mixture of claim 3, said level being about 0.5% by volume.

6. The polymer mixture of claim 3, further including a quantity of a phosphate

fertilizer mixed with the copolymer.

7. The polymer mixture of claim 1, said copolymer having a molecular weight of
about 3000, a pH of about 1, and with at least some of the X substituents being H and the other
X substituents being Ca.



5. The polynmer m xture of claim3, said | evel being about 0.5% by vol une.

6. The polynmer m xture of claim3, further including a quantity of a
phosphate fertilizer mxed with the copolynmer. 7. The polymer m xture of
claim1l1, said copolymer having a nol ecul ar wei ght of about 3000, a pH of
about 1, and wth at | east sonme of thei14< substituents being H and the other
X substituents being Ca. -14- 8. The polyner m xture of claiml, said

copol ymer having a nol ecul ar wei ght of about 1500 and above. 9. The

pol ymer m xture of claim1, said_.cppolyner being dispersible or soluble in
ot et or 1 & 1 Bcptyrerpinidsor SBER I VB0 tobier haTH £ StnerEr AT b

m | d agigsat | 90 andQbovkne pol yner mi xture of claiml1, with at |east about 10%
of said X substituents are selected fromthe group consisting of Ca, My,
and m xtures thereof. 11. The pol yner m xture of claim 10, said copol yner
having a nolgcul afhev}%l%mér_rﬁfxtur@}apb'ltair@@p&idé’o Rntr RRRUWispbrsiBlB &r YA itible

| east sonme of the X substituents being H and t'he other X substituents

bei ng Caure v2ter Ko pleivyindrat leasttabow 536 wéw at oo, temperdtupdwishinritd agitation.about 1.

13. The polynmer m xture of claim1l, wherein at |east certain of said X
substituents are H, and others of the X substituents are selected fromthe
group consi stl.ng Tfe @dymévtmixaurel of pfiast Uiy wgh ehlers@bout1h% Af sedd Eosibsttngnts si ng

the step e iedbPhth e fdus Wnsisting oPCaNIE! and it RlreSt & ™ 3

11.  The polymer mixture of claim 10, said copolymer having a molecular weight of
about 3000, a pH of about 1, and with at least some of the X substituents being H and the other

X substituents being Ca.
12. A polymer mixture of claim 1, said pH being up to about 1.

13. The polymer mixture of claim 1, wherein at least certain of said X substituents
are H, and others of the X substituents are selected from the group consisting of Ca, Mg, and

mixtures thereof.

14. A method comprising the step of applying to soil the polymer mixture of claim 3.





