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DUAL SALT FERTI LI ZER G VI NG ENI - | ANCED CROP YI ELDS

BACKGROUND OF Tt1 E I NVENTION Field of the Invention
wab@9ptasent i nvention is broadly concerned w PET/US2009/034616

dual - conponent fertilizer materials and net hods of use

thereof wherein the fertilizer material provides

enhanced yields of crops. Mre particularly, the

present invention is concerned with such fertilizer

materials conprising a first,fertilizer product

i ncluding an anmoni acal fertilizer and a partia

cal ci Umisal, kAR FERCAPRIREIVING PREANAHD 8REFCOIHILDS
fertilizer product including a phosphorous fertilizer

and a partial sodiumsalt of a copolyner; the first

and second fert BlhiciRIR OUNGLGE THA BrSedoN
synergistically effective anounts in order to increase

Fickdrfpho/dngedion Description of the Prior Art Plants have

beefy, gedehdihE@foids bba¥BcbRésn ARl @b AL BnHoRG R fdrhikzedAWRials and
of agriculture, Fertilizers have included manur

methpeericrs tharpofihereiadhefsribiraparia Wtﬂgéﬁlﬂmf%‘rY‘%?%C’fcmps More

par &@alzgly!, tHRPRLEN QiknABNRRbAceARE vHiheadh fehTePRASRNO EQHSHsing a first
fertilizers such as anmmonj um poly hosph te and

fertfizgiere fust epsPiARE I ATERIHES S HH " el Gorreed é’?a copolymer,

alor’;\g{‘ﬂi‘ﬂ?ﬁ é’e}émﬂf el i@ prameahdludlaya hiRbkbil o1& &Gl R afteSpai @M sodium salt
bewi | deri ng of . conbi nat.i

rages_1In re
of arpoRebEE ﬂ*yégﬁtsaﬂﬁ Serr o praiat el aPe RavErRLaal Sfiective
améIRSChicRien & BbRSREFA0adEE pol ymers

Description of the Prior Art

Plants have been fertilized with various materials since the dawn of agriculture.
Fertilizers have included manure products as well as ammoniacal nitrogen materials (e.g.,
anhydrous ammonia and urea), and phosphorous fertilizers such as ammonium polyphosphate
and other products derived from phosphate rock. A worldwide industry provides modern-day
fertilizers of desired N-P-K grades in a bewildering variety of combinations.

In recent years a series of U.S. patents have issued describing biodegradable polymers
having significant agricultural facilities, particularly when used in combination with conventional
fertilizers., Forexample, U.S. Patent No. 6,515,090 describes dicarboxylic copolymers made up,
e.g., of moieties of itaconic acid and maleic anhydride. This patent also discloses that such
copolymers may be partially neutralized with metal or other cations, and can be used to form
composite products with fertilizers. These combined fertilizer-copolymer products have been
shown to increase the availability of phosphorous for uptake by growing plants, and can be
applied to soil adjacent the plants or in foliar applications. Polymers in accordance with the *090
patent are commercially available from Specialty Fertilizer Products of Belton, MO under the

designations NUTRISPHERE-N® and AVAIL®.
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havi ng significant agricultural facilities,
particularly when used in conbination with

w@omvantiBonal fertilizers. For exanple, U S. PeCEOB20M0034616
6,51 5,090 describes dicarboxylic copolyners nmade up,
e.g., of noieties of itaconic acid and maleic
anhydri de. This patent al so discloses that such
copolymers may be partially neutralized with netal or
ot her cations, and can be uf%d to form conposite
products with fertilizers. ese conbi ned

fertilizer-copol Wisipnedestisah ayesResyshown to
i ncrease the availabilit% of phosphorous for uptake b

gr oWiemepspitAtvestiondperedistiebiepoadisidissav anothaonyltiplgicapepgent fertilizer

matbR8s BhABL %r(ﬁ/ﬁde'dn;vlfhglh kz,ﬁ/(e gﬁ)&bxb%ﬁﬂ/ QRSncEPENPBASd. NSuch fertilizer
accordance with @gatent are commercially

matgia]s propdlsinchggi gﬁé@rt&zﬁpf t inglpdiag appygoeipcgl fptilizer and a partial

caldigh s of MIEN olﬁ*rh:@ ARt snshd @é?ﬁhiﬂ%%cﬁ@ﬁﬁﬁﬁ'dh&g@ pB&Rhorous
AVAI L(r) . SUMVARY OF THE | NVENTI ON The present

fertilizgrame @ par qagsogpt@a pa&raqf é‘ée(tﬂ‘ié SORTRENET g&?ﬁ?éﬁ‘g‘/’hf’ﬂ Froducts are present

in sPRrdikdla By fo&ﬁQQ eRbuftefdria p'aﬁl%ﬁiafr&{')ﬁ r ir8d Srefeddd RBpolymers are of the
provi ded” whi |ve€%§ istically enhanced crop

typ WCérrdscd islich Pﬁt@rlr NP, t Whirly isdngouRpaefrd Y HésreRps harein.

i rgpafi@ibily Jré@frePloRFY e frA G ritlcRgo ARt ABTBA a@@@x}cnnona] fertilizer
fertilizer and a partral calciumsalt of a firs

sucl g e e pPmbiAdev b ptafdequs disprisioa ot ppytlcr e P»&bcrfﬁgoamymm

madehRPSP E\ers@Hﬁalfy%ﬁ{uh{dla%@fnoﬂlﬁlg ofitdRahit hall akDdhviNagRydridefnodeties and
second co ymer, These fertilizer products are

havigg g it egriﬁfe%l St i dgIsesprdtprailipgrusodich tistrges g fertjlizer such as

diarR@btiing phedphete OPA PR qRiE 9b9hihedneRbYRRfcSn nthiftioh Reth a partial
scribed in U S Patent No. 6,515,090, which is

SthWEBFﬁgﬂﬁﬁ@ﬁeB?“rﬂ?%rence herein. In particularly
preferred forms, the first fertilizer product includes

a Conv% Tplg]ngbSe({Rﬁ’ (%lg IbF THE PREFERRED EMBODIMENT

The preferred methods of the invention comprise the steps of fertilizing by application
to soil and/or plants of a fertilizer material comprising synergistically effective amounts of
respective first and second fertilizer products. The first fertilizer product is a blend of an
ammoniacal fertilizer with a minor amount of a partial calcium salt of one or more copolymers
of a selected class thereof, while the second fertilizer product is a blend of a phosphorous
fertilizer and a partial sodium salt of one or more of the copolymer class. “Synergistically
effective amounts” of the first and second fertilizer products refers to coordinated amounts of
cach of the fertilizer products which in combination give an increased crop yield in excess of the
crop yield which could be obtained by individual application of the first and second fertilizer
products in those amounts; stated otherwise, the coordinated amounts of the first and second
fertilizer products give crop yields greater than a mere additive effect obtainable through the use
of the respective fertilizer products alone in the same amounts. It will be appreciated that the
synergistically ‘effective amounts of the first and second fertilizer products are directed to
particular crops, and that, depending upon the crop in question, soil conditions, ambient weather,

and other factors, the first fertilizer product may be present in a greater amount as compared with
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such as urea in conbination with an aqueous di spersion
of a partial calciumsalt of a copolyner made up of
waewetians: al | y equi.nol ar anounts of itaconi c aRCTUS2069/034616
mal ei ¢ anhydride noieties and having a pH on the order
of 1-5. The second fertilizer product includes a
fertilizer such as di ammoni um phosphate (DAP) or
i quid pol yamoni um phosphate in conbi nation with
apartial sodiumsalt of t heD§ams copol ynmer, DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The preferred
B0 NYSAL! B3, COIRL. h&PSyeP e first ]
thefscco 8 emﬁgel Bx‘gﬁuét (qunc a/t%flgneggésgﬁs'pgﬁﬁ é;? c,svea rﬁles 1r8 fdnémonmua
fertflenet pllorllzce ns lrmtﬂé:sr pla‘,?cncgquyrangqungofg@mve n@;@ﬁﬁ)-@@@ |ll:ys N/acre, and more
pre emb?f {lbx%%bm&?l %é lbg]c N%%I%D %E Eéég?cf ﬂ;l{o§#’ho§&g fé‘ﬁﬁ%}q)mduct is usually
Izer pro ucts. e firs I zer product is a
prefrnema lesberamonntae porapsatd Widr the fiisyeanmaningl Ertfhzeoprogdwed gt generally
[ B SR dreiBlab B hbdTPHE 50 RROPYITE S Of
ﬁmg asgftggtégd% IPgss t her eofl}mvﬁlb ‘'he second fertili z%r
pr obhecirst] fsrtnéaz«b|pewbpcbﬂcladq§mgmmwa@ fergibiegr| P pugefghgnumber of
sucﬁaﬂéxttfhglrs S{ﬁ%} Hénu%@cl tn %Ls Q:B?tc?tr @Q&ﬁplq;y Euhﬁmﬁﬁ@ﬁl ﬁéﬁﬁfzels include
ergisticall { fective anounts” of the
anmpmlsctai aﬁ%gee@milme fartilizer.suclprsgbenstsslepted &pw thegroup consisting of
amifi r‘ﬁr d'a?r% ngmBHchS Qﬁmgﬁﬁth %u’éﬂ@e AR Ho'ng'ﬁﬁmgﬁlgﬁilu(inthgsphate
I'n combination give an iIncreased crop Vyi
dlﬁl@»@@és@ fospliate, sqdipn yil@rﬁdcﬂ}\mv@ﬁlt&% p@taﬁ@%wﬁaten@aawi soda, urea
fouhﬂgéhyhg H@thymlnb&ﬁﬁl'p‘ﬁgspggtc aﬁ@n&ﬁit&isué&ﬁh&?ﬁﬁ@ Gnd mixtures thereof.

l1zer roducts’'in those anounts:
Theoteﬁérw epreterpdlyc Wotodid matisg i frsantéth ghe piost prefasted fpilizer being

eran@fQpeh fertilizer products give crop yields greater
than a nere additive effect obtainable through the use

The copolymer fraction of the first fertilizer product comprises a partial calcium salt of
one or more members of'a class of copolymers including 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, wherein

moiety A is of the general formula

¢ Cl)H Cl!—l )
R1 Rz
moiety B is of the general formula R
a3 Ra
RB R4
—c—-c—)
(6 )
| W L= or
Oo——C C—=0
O O
ORs ORg \ /
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of the respective fertilizer products alone in the
sane anmounts. It wll be appreciated that the

waywengiistically effective anounts of the firsPCEHOS2009/034616

second fertilizer products are directed to particul ar
crops, and that, dependi ngupon the crop in question,
soil conditions, anbient weather, and other factors,
the first fertilizer product may be present in a
greater anmpunt as conpared withtlie second fertilizer
product, or vice versa. Generally speaking, however,
the first ammoni acal fertilizer product is usually
present in an anmount of from bouh 30-200 I bs. N acrc,
and nore preferably from aboyt® 5041 50 I bs. N acre.
The secqpd phosphorous fertiHizer]product i's usually
present 1n a | esser anou S%eeﬁpaﬁkﬂ-mﬁth the first
amoni acal fertilizer product|] andj{generally from about
10-80 I bs. P20(o/ acre, e prieferably from about 20-50
| bs. P2C6/acre. The firs'“TEFi%li er product includes
an ammoni acal fertilizer. Any né of the nunber of
such fertilizers my be used iPthis context.

Exenpl ary ammoni acal fertilizers include ammoni aca

and gpqiety Geip Of Baeanasldgrf e ti | i zer, such as those sel ected

or

or

fromthe group consisting of anmoni a, anmoni um
nitrate, annnniun1su|fate4 urea, nmonoanmONi um
phosphat e, di anmoni um phosphatgg sodi umnitrate,

cal ciumnitrate, potagﬁyﬂﬁwnitrale, nitrate of soda
urea formal dehyde, neyhyl anmmoni um phosphat e,

ammoni at ed supe§ghos hate, and m xtures thereof. The

fertilizer is pyeferapbly in solid or liquid form wth
the nost preferted fektilizer being granular urea. The
copol yner fractfon of Repe first fertilizer pr oduct
conprises a partial cal cicum-gm,l of

O
O
l
Rs C
Con c< N\
N
l
O
O
l
Rg C—0O
( ,/ ) \
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one or nore nmenbers of a class of copolyners including
recurring polynmeric sunmts each nade up of at |east

wo ewodifiBzrent noieties individually and respekCT/U8t099/034616
taken fromthe group consisting of A, B, and C nvieti es,
or recurring C noieties, and C noieties which are not
different, wherein noiety Ais of the general fornula
noiety Bis of the general formulaand noiety Cis of
the general fornula or orwhercin RL, R2 and R7 are
i ndividual ly and respectivel'y sel ected fromthe group

Whgrgl(} SI& ﬂg Ranllg 14:97!(111&}/ aﬁ& pes &1%19 Qélect&lr G E’l%%l ﬁ’}%’oﬂsxstmg of H,

or al stral
OHp Camshfedu@hdm mwlaefucl@ybmdccyalltq(aykyl OF © 'ua/& g]loumfcée $epegdtp branched

f este 1 0 G a ropionate
cha?%}?rcygﬁcoﬂfgﬁ oty f()yi Cgabge&é&) ¢ @%1%& %g el fien g&r%%tg &b Sropionat
(C,ahdtyerRe (G, @tﬂogp tcw\ﬁﬁ} &@pwow S @%t@@luﬁbr wheeidk’ gfrwippted from
the gl%ﬂ cccrﬁs sﬁg%g C§Qa1§1h rtﬁé&h&d clﬁfnaaaﬁ R?ﬁ’lcc{h@ | & a@ﬁ%mups IRy and R,

ic al or 4ryl~groups are i ndivid
are amjwrié@]{yemdl weeibeptivay eeled fllO@rﬁhF f%mg)r erupistieh of &b |GngTsofsh aight

b!‘dlll_éhf:ig chim Ot ry@hg m&é/l BE @g@%qlpg DA rR(,,arI]{d G k' Cm@'xﬁ&'ilvldgﬁ |ly and

gr oups; fc 't ndi vi dual |
wsnce@x@mwad;ﬁos@hé@t% CPRETING ﬁéﬂgtﬂle algfale B¥iss Nibh gnadihe Ph Ca alkyl
amlfn&%ualgs gg VELsa eéted Mﬂ% tmgom%nggm&@pkmn ANBOAY, @m i, Co, Mo,
Is selected fromthe group consisting o
Sl]\/@ aigh Ca (g apg Ry @xs 111%1(1uglly @d 1egpect1831y éﬁ.&tgéiromsthe group

conﬁgﬂlg@n@ﬁﬁlg B\ ﬁy,@luh ¥ 1ANG MESPRGhANE Y 18R bREEAH: Rl @Thnd R,
g of nothlng CH2, C2H , and c3H. *

hg)r OU]'.[\) consi Stl n

gmwns i e e banerigsulyus pregpslegp of Reaniks. MRIEtigh énw least one
ofthe R, R,, R;, Ry, and R, groups is Ol where the polymeric subunits are made up of A, B and
C moieties

The more preferred class of polymers have the generalized formula

XQ

OX XO

where X is a cation and p ranges from about 10-500. At least some of the X substituents are
calcium, whereas others may be different metal cations (e.g., alkali and alkaline earth metal
cations), and some are I{. Thus, the copolymers exist as a partial salt or complex.

The first fertilizer product may be formed by any convenient means of mixing of the
fertilizer and polymer fractions. Forexample, in the case of solid fertilizers, the polymer is most
conveniently applied by spraying or dipping. Where liquid fertilizers are used, the copolymer

is usually mixed into the liquid with appropriate stirring. However; it is also possible to
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groups is OH where the polyneric subunits are nmade up

of A and C noieties, and at |east one of the R ,R2,
WR)09RM18and R7 groups i s OH where the pol ymerPCT/US2009/034616

subunits are made up of A, B and C noieties The nore

preferred class of polyners have the generalized

formula where X is a cation and p ranges from about

10-500. At | east sone of the X substituents are

cal cium whereas ot hers may ge di fferent netal cations

(e.g., alkali and alkaline earth nmetal cations), and

sepglg{éfy %5 E/ tH: feﬁe] )i':z%r ar gagl}ﬁ%pgll AT (T z??félgf Livids sl?mﬁ)@ﬁéo'ugig or seriatim,

first fertilizer product may
ﬂﬂmo@n@@lbym@w%Y@Qhwéﬁﬁéﬁt means of mixing of the

ferfid ¢%@fenﬁnz@r pt%hw%p&m&t ﬁ&%n 108 m%ﬁ?qplaSueth ik product

pase solid lizers, th polyner IS nost
havisgrasshpeeatgnt aﬁgplméHOtﬁ;ZOsS@i‘/aw Vigj gl marppPiegbl e @bout 30-50%

by \Lv&glw g‘xdfae;gftl 'ot I’rgx%ra o165, ngretcé?&lfg&gla‘ﬁgﬁh 1§ usually
m xed 1nto the liquid with appropriate stirring.

Howeeegcong fer plszeapi@éucﬁ g58idpt aphosidwipai éqr@hgpr,éﬁﬁh §f npqg@ammonium
}:;h()fs;ﬁ{a&zl MRS d@{l‘l%oﬁﬁhﬁ/ P pi{Red (@'Aﬁl c,Sak,IuQn ﬁhcgsbﬁéltgs @bintle [)hos);/)hate and

smutaneousyor seriatim alth oug his is normal
suppiot PgPRIRER.r eimaTHeny |13|h§9(1'-’hf“éf t‘imm%‘él“mp r%ﬂ‘ﬁc tPheghatey nepmonium

pol}ffﬂilaﬁﬁla@rbﬂo%lﬁgﬁ nak |b¥sx@ﬂa§‘%&:ﬁ9 ilatg %mnm piedBtard) B Posphate,
content of from about 5 % by weight, nore

dl‘ﬂl‘ﬁ(?léfué plélg}tes‘,, SR U Brigsu e, g@d/bngysﬁu%tﬂbwpf The aoléjlﬁppréfactxon of the
secddQBBER WrodkcR ardBE®: Y 81o8E BPIYrelJafM 8R0Uh s rsDrhe A class of

second fertilizer product includes a phosphorous

copplegmess| fefiged akaye Y re RS AORO AT Ay s prrduets ( Nilip)ysecond fertilizer
prodlicBdBEBRN e PTRINe S Rt LallyRAR) ueo bl el UFb AROSN M1 dROAIBI o f from

abogtlgo Ol&)agyewg ngt more preferably from about 30-50% by weight, and a pH of from about
5-10, more preferably from about 6-8. The second fertilizer product can be prepared in the same
tashion as the first fertilizer product.

The levels of copolymer use for the first and second fertilizer products are substantially
the same. Specifically, the copolymer salts in each case should normally be present in the first
and second fertilizer products at a level of from about 0.01-2.0% by voluime, and more preferably
from about 0.1-0.5% by volume, based upon the total volume of'the respective fertilizer product
taken as 100% by volume.

The first and second fertilizer products can be used in various ways, so long as both
products are present on or about plants or the soil adjacent plants, For example, the fertilizer
products can be separately formulated and applied to soil or plants substantially simultaneously
or in serial order. In another alternative, the first and second fertilizer products can be blended
together and applied in that condition. Depending upon the type of fertilizer product employed
and whether a solid or a liquid, the products can be applied by spreading or broadcast.

The methods of the invention are useful with a virtually unlimited number of crops, so
long as the crop benefits from dual fertilization. Exemplary crops are those selected from the
groups consisting of corn, wheat, oats, barley, sorghum, milo, rice, cotton, soybean, and alfalfa,

and other forage crops. Excellent results have been achieved with a first fertilizer product made



25

super phosphate), anmmoni um phosphat e, anmmoni um super
phosphat e, anmmoni um pol yphosphat e, phosphoric acid,
whawba1gBag, rock phosphate, colloi dal phosphaP@l/UR2z9nL034616

phosphat e, ammoni um sul fate, anmoni umthi osul fate, and

m xtures thereof. The copol ynmer fraction of the second
fertilizer products are made up of one or nore partia
sodium salts of the same class of copolynmers defined
above with respect to the fi?§t fertilizer products.

The second fertilizer product copolyner fraction is

up %?5%1 ay c?&%lﬁ‘lq%?totglsarl t&th@/n@ I%g %%Qlﬁﬂé’lj n@nﬁidﬁ9l d g&ond fertilizer

content o rom about 20-80
prograsfrew &b fyrnfutated ushgule %@mmo;@lwln@lewghpolylaﬁdaaalqﬂm ngfiralized with
codil @M aRout 5-10, nore preferably from about 6-8. The

secon fertilizer product can be prepared in the sane

f asHieofellawinghexafiptes tseff @rthii¢lg éestsprsguiertilizpyesupplg@pyiedvith the

preﬁ:‘?@@ lcé(l[,n:c‘l[n éﬁ%%othgfn }Szﬁjl@al sél'ﬁ §Jpo%@r'§@lct99 ghvb@idnl i 1%%(5 be unhdelstood

products are substantially the sane. Specificall y
hovgqyp@ |t13pﬁ4é1|eseseg|amglep aregaended Py evayod lvatrapnead pythb?@ therein should be

takug{ ;% qmutdtirc‘mtubgn fre o9t ra RGPS %F @1@ hfepfidd. | i zer products at
| evel from about O. 8 2.0% by vol une, and nore

LMWV@?érably from about 0.1-0. 596by vol unme, based upon

t he, et @Jpeﬂlglsx‘x}tr@e Qlftelic;ﬂl%n %%@&Elh%@d éf%rrlnluldlr &k i RRANGEated with

t aken as 100% volune. The first and second
a pgripleqafgiye ﬁalbmﬂnﬁﬂ§ spa didyenepded phosphalei(BAd) eitidzer digated with a

parti Q&h\ﬁﬁ SQP&EO hid %E§ﬂ1@5{ﬁtlﬁiﬁ§&ﬂ£gr5’s@ Phe %@Hﬁleﬁlv@f@%&lducted at
or the soil acent g ants. exar‘r‘pl e,

an gpptimprigleticly rl"(’f‘d‘EFéit REA APANGE §<esp§’f1a"t eroe ﬁi&frlﬁﬂp aﬁf’éd Tdreatments
incldiRl tiv8 ChtbsQ raRidgeP(N)Rb AdaBo S OHED AN dAbL YNALEULAIRAGOHahMar urea

alone or granular urea treated with the partial calcium salt copolymer. Additional treatments
included application of 30 Ibs. P205/acre as DAP alone or DAP treated with the partial sodium
salt copolymer. An untreated check plot was also included.

The experiment was conducted in an area with an established stand of Bromegrass that
was four years old and had never been fertilized. All fertilizer applications were surface-applied
and broadcast. Nitrogen and phosphorous fertilizer applications were made separately on March
20. The plots were harvested on May 18. Subsamples of the forage material were taken from
each plot at harvest, weighed, dried, and then weighed again to determine forage dry weight.
Yields are reported in Ibs./acre on a dry weight basis. Soil test results from the experimental area
were pH 6.8, organic matter 2.8%, Bray-1 P 18ppm, and exchangeable K 290ppm.

The urea + copolymer material was prepared by spraying liquid copolymer at a level of
0.25% by volume onto granular urea (Y2 gallon liquid copolymer per ton of urea) in order to
achieve substantial homogeneity. The polymer was commercially available NUTRISPHERE-N®
for urea (NSN) commercialized by Specialty Fertilizer Products of Belton, MO. This polymer
is a 40% by weight solids aqueous copolymer of substantially equimolar amounts of itaconic and

maleic anhydride moieties partially neutralized with calcium ion (CAS# 877469-38-0) and

having a pH of 2.5-5.
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or in serial order. In another alternative, the first
and second fertilizer products can be bl ended together
war@appBt ed in that condition. Dependi ng uponP€TrES1099as34616

of fertilizer product enployed and whether a solid or

a liquid, the products can be applied by spreadi ng or
broadcast. The nethods of the invention are useful

with a virtually unlimted nunber of crops, so |long as
the crop benefits fromdual fertilization. Exenplary
crops are those selected fromthe groups consi sting of

COrfiye wheat copgmr u@@ﬁlhﬁﬁéﬂ %%%H’m{ S diﬂg Iiﬁblg%opolymel at a level
al & her T

cotton, soybean, and al and ot or age crog
0.28%che! olipme pree Branglan A Gye@ailoaéﬁn@maolwnphp% t@q pidpAP) in order to

achi &k LlidskAB A1 M&%&%wm@ PQIlefcr @ap@zﬁﬁm@rbdﬁﬁwuume &a&m@ sold by

an itaconic/ ["ei c copo Siml arIy, a second

Specilty iFegtifiger Pg@«éitﬁmf B@Hyn B\éOf dhiRlohtesd s TV b esighh plids aqueous

cop'ot)/%‘e?@f bR Fe %M&rﬁ%ﬁntﬁ’@f“ itab@id %d'ﬁ?‘ﬂ@lé Anvd ek d%l&tlfbs partially
sodi um cati on. exanpl es set forth yield

neufralized withssod gt ispCASE §F Q0SS uispd e Ardae ! Orfe

pr eﬁ?c%@@mgkm&dasml SocisUm Hahik e;@;lm%m “@lemw rm&e refers to
of the invention. is to be understood, howeve

appphggtontq{elgéreétigmr@gra‘r@ él;so\hw}éla: -b;}\ls‘héye%*:s to apphcatwn of NSN-

supblehidfell 3tdnQRr aRd, MOt MR- eIEL R shhebrsr k@Bl BM8 and Ibs.
imtation upon the overal l S%%ﬁ? of the jinvention.

P205aGpIr e AT et (& “aRiefiphahd VAlaunpiigniid P o was

i nvestigated of granular urga fertilizer treated with

a partial calciumsalt copolymer and di anmonium

Txl%hﬂﬁé)ﬂﬁﬂﬁ I(JDAPa ahdfof sl PHI5/Adeat ed W tihyialdBs.tAcb Dry Weight
sodiumsatt ol yrer, UpoOTi the yl etaTof—Br ormegr ass.

0 ondV/ARisers it PARSLA ee et Blptat 1982 F

60 Ibs. N/Acre and 30 1bs. P205/Acre 2128 F

120 Ibs. N/Acre and 30 1bs. P205/Acre 3445 E

60 1bs. N/Acre + NSN and 30 1bs. P205/Acre 6346 C

120 1bs. N/Acre + NSN and 30 Ibs. P205/Acre 5342 D

60 lbs. N/Acre and 30 Ibs. P205/Acre + AVAIL 6891 B

120 Ibs. N/Acre and 30 Ibs. P205/Acre + AVAIL 6356 C

60 Ibs. N/Acre + NSN and 30 Ibs. P205/Acre + AVAIL 7187 AB

120 1bs. N/Acre + NSN and 30 bs. P205/Acre + AVAIL 7306 A

0 1bs. N/Acre and 30 lbs. P205/Acre + AVAIL 2096 F

LSD (0.05) 313

CV % 3.6

Means were separated using Duncan’s Multiple Range Test. Means followed by the same

letter are not significantly different.

The greatest forage yields were achieved with the application of urea + NSN in
combination with DAP + AVAIL. The field was very responsive to N and P. The efficiencies
of both N and P were improved with the use of the NSN and AVAIL polymers.
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an experinental field |located near Scandia, KS, on a
Crete silt loamsoil. The treatnments included two
wo 2000411082 ni trogen (N) application of 60 and 1BOI/URB209/034616
N acre applied as granul ar urea al one or granul ar urea
treated with the partial calciumsalt copol yner.
Addi tional treatnents included application of 30 |bs.
P205/acre as DAP alone or DAP treated with the parti al
sodi um sai | copol ynmer. An un%reated check plot was
al so included. The experinent” was conducted in an area
th,an established stand of Bronegrass that was four
ars old and had never been fertilized. All
f er i thiszaperappiti thatitonsioners isusstigged apluiédrearignmonium nitrate
fcnﬁ{z%f‘d(‘ig«’{%l gr@)t/\é?%g& »@ggsag grr?xgpg lgllﬂﬂch f F/gt éch) %ﬁx{er and ammonium
polmlr@slsine(rAé’Ph 4099 et tveaped]@ith Sﬂmdﬁpﬁ@@ sgit CPMéYmCI upon the
ymld%&@c%ﬁ d%deg{l)&%lnelan d t Igiﬁgtg\%?t ga @éf&%ﬁafu% ﬁ%ldﬁ%td%??}l&%gtandu KS,
on § Gr&a(gelt(ﬂtrayn soel. gl treyinentgnclnded tep mwsetd njtppgle N anpheation of 160
dnda74@ NY¥s. Wﬂc@\]ﬁm%kﬁl dlél%l 1&&%\5 stgﬂseH eh&dfvsrx&rm& pﬁ‘ildl sz}lt copolymer,

erlnenta dalrea were anic matter
Achrlaxyﬂ lrRM @Y Ayclieded mbﬁ’éwgeafb% HP@ F0ppric alShé\Pﬁr éancr or APP

bupgf%&%}lééﬁex(utlm]feeﬁ.}rgzld 8 fpp %ﬁgg@?ﬁmw SRE A Oed LIk qﬂot was also

ner at a | evel vol une onto granu ar

mclml@h 8(011 teparck s fonyihe gx lsﬁh@rv‘a weie PHERS, ofsaiticappticr #3%, Bray-1

P lgi;pq?rdn& Qx&‘xﬁﬁge%@ I@%fn‘rﬁnt i al hormogeneity. The pol ymer
comercially avail abl eNUTRI SPHERE-N(r) for urea
( I\ISNFOG@XﬁET’éﬂ'@PlaMSi’é@de s dieapi e it the esidpe faipdeprevious
ycapf: qc@ﬁ!einc&lmp Mp;ﬁ@'ﬁ ROk (@Ffmrbc?s RSP o Eﬁ'icgims 230kkdSh the soil

aqueous copol yner of substantially equino anount s
surfgee 3 inglaes t the giggjof the row at corn planting on April 30 without any addltlonal tillage.

The planted corn was hybrid Pioneer 33B51 used at a rate of 32,000 seed/Acre. The field was

anirgil

irrigated six times during the growing season with 1.25 inches of water applied at each irrigation.
The corn was harvested on November 1.

The UAN + copolymer material was prepared by mixing liquid copolymer at a level of
0.50% by volume into liquid UAN in order to achieve substantial homogeneity. The polymer
was comumercially available NUTRISPHERE-N® for liquid fertilizers (NSN) commercialized
by Specialty Fertilizer Products of Belton, MO. This polymer is a 40% by weight solids aqueous
copolymer of substantially equimolar amounts of itaconic and maleic anhydride moieties partially
neutralized with calcium ion (CAS# 877469-38-0) and having a pH of 1-2.

The APP + copolymer was similarly prepared by mixing liquid copolymer at a level
0.50% by volume into liquid APP in order to achieve substantial homogeneity. The polymer was
commercially available AVAIL® sold by Specialty Fertilizer Products of Beltor;, MO. This
polymer is a 40% by weight solids agueous copolymer of substantially equimolar amounts of
itaconic and maleic anhydride moieties partially neutralized with sodium ion (CAS# 556055-76~
6) and having a pH of 6-8.

The following table sets forth the results of this experiment, where lbs. N/Acre refers to

application of untreated UAN, 1bs. N/Acre + NSN refers to application of NSN-supplemented
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mal ei ¢ anhydride noieties partially neutralized with

calciumion (CAS# 877469-38-0) and having a pH of
wWQ@2895117Bz DAP + copol ymer was simlarly prepaP@dubzn09/034616

spraying liquid copolyner at a |level 0.25% by vol une

onto granular DAP ( '/ _ gallon liquid copol ymer per

ton of DAP) in order to achi eve substanti al

honogeneity. The pol ymer was conmercially avail abl e

AVAI L(r) sold by Specialty Fertilizer Products of

Bel ton, MO. Thi s pol yrrer i 5”4 40% by wei ght solids
AR Py SHERROAL LRl Ao I R 20 PTRLIA G e s
to Jj;@utzrt@hloiedmdushpmadmum ABH (CAS# 556055- 76 6) and

having a pH of 6-8. The foll.owng table sets forth the

results of this experinent, ere Ibs. N Acre refers
A ARRS iR AL e%dﬂ,p&{si PhfgagiAnYl ar ol Eda bl bhiere NV ACT @

0 this amdi cas amﬁr(lelas HZIG§/AcR-2(K£5|/eAcPlet)r efers (o4&ppPl i cation of
Unfreated DAP, _a — P2Z057 Acr e AVA fers to
1%)3 ' ﬁf‘fedlﬁdgplbﬁ\/ﬁ? 59‘%?5‘ﬁnl enent ed DAP hl’i‘nﬁ 1_Means
2408b€ mﬁ&@raa&@dMSPM/M@can s Multipl gesRange Test.
—Neans—fot-t+owed

a-by—the—sane—tet-ter—arernot

L&ilgniN/ hemnnd O &th PASere +ﬁ1‘éA§Jr eat est rade viel ds
B T T R P

laoespwabmew@NlhhaambE’ PhaAeEf i ci enci p351of Boot h N and
rE-Tproved W Th The use of tThe NSN_and _AVAI L

240 4P, REAre 3N [aRd 80 Ibs. P20S/Acre 248.7 BC

160 1bs, N/Acre + NSN and 30 1bs. P205/Acre + AVAIL 258.6 A

240 Tbs. N/Acre + NSN and 30 Ibs. P205/Acre -+ AVAIL 2605 A

LSD {0.05) 6.8

CV% 3.0

Means were separated using Duncan’s Multiple Range Test. Means followed by the same

letter are not significantly different.

Maximum com yield in this experiment was achieved with UAN + NSN applied at either
160 or 240 1bs. N/Acre along with AVAIL-treated APP applied as a starter at planting. NSN-
treated UAN with APP alone gave greater yields than UAN alone with APP alone, At the 160
Ibs. N/Acre rate, the addition of the two polymers resulted in a 31 bu/Acre yield increase over
N and P applied alone. Yield benefit was maximized with the use of both the NSN and AVAIL
copolymers. This study indicates that the efficiencies of both N and P containing fertilizers can

be greatly improved by the addition of the copolymers.
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In this experinent, the interaction was investigated
of liquid urea-ammoniumnitrate fertilizer (28% UAN)

wWoe@atiedsni th a partial cal ciumsalt copol ynmer P@nus2009/034616

amoni um pol yphosphate (APP, 10-34-0) fertilizer

treated with a partial sodiumsalt copolyner, upon the

yield of corn. The experinent was conducted at an
experinmental field |located near Scandia, KS, on a
Crete silt loamsoil. The treatnents included two
rales of nitrogen (N) appllc,1 tion of 160 and 240 I bs.

Iclll}l{lacre usi ng UAN al one and UAN suppl enented with the

~—partial salt copolyner. Additional treatnents included
appl i catli.on of fegflizebmatePAGEARCT for &stiliR: abopendroriRiBing:
sup r I
An 'ﬁt!lj] r ea{lﬁgr thti&kElQ[:ﬁgRl% V?/‘g Sag{é émgaqfﬂn@%t§12&r31n8%§39{1¥1ﬁ9ﬁ¢1um salt of
results affrr@'mopbﬂemexpedl nmental area were pH 6.8,
or . .
o SUBLBAT  paFAE R R A SHS LB o
soi | surfsacwdicnpdynbe residue fromt he previ ous year's
soy, Iy I,
sg%qpitgﬂc@ﬁgglﬁlaﬁgihg%ltpich’ugtE Btgﬁ gﬂggelghq gr'ﬂ:?%%gmgﬂl {:iirqczz:c%g% amounts
tot he §@IoFélddif0nahe row at corn planting on April 30
Wi t Qfa st 3y scRGd (.IOBQI?QIIQS‘:I ddllnﬁgﬁ}y aI@ﬁdeﬂye%ﬁ&ﬁ% sGQE YRS m the group
hybri d Pi oneer 33 use a‘rate of
seed/ Acrécopphiandry aichidigggewrpgypalweré %btuiumcidmﬂﬂmg) of at least
the gr 0%9%1&5@&0&0M1E$ 11fh1\g§’k1zfllpcﬁgsre§];eoﬁ@é rtdléﬂpﬁbxﬁdthe group
at each irrigation. The corn was harveste
1. The GANistng G%J@MCW@@C& ar mmyn@ﬁefpfa?teﬁ ansgl Q’ﬁ“‘%ﬁtﬁfé which

l'iquid qeRRk M%[em@,twlﬁrén?l\ﬁ%lctyoi\ is of the general formula

R4 Ra
moiety B is of the general formula
Rg R4
—~C—c—)
—c——c—) or
Oo==C C=—=0
Oo—==C Cc—=
o] O
ORs ORg \ /
(—C—C—)
or |
. O=——=C (@t
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0.50% by volune into liquid UAN in order to achieve
substanti al honobgeneity. The polyner was commercially

w@eavhiatiBz2 NUTRI SPHERE- N(r) for liquid fertiliREF/ES2009/034616

(NSN) commercialized by Specialty Fertilizer Products
of Belton, MO This polynmer is a 40% by wei ght solids
aqueous copol yner of substantially equi nolar anounts
of itaconic and nal ei c anhydride noieties partially
neutralized with calciumi on (CAS# 877469-38-0) and
having a pH of 1-2. The APP ¥ copolynmer was simlarly
prepar m_X] WellY pol yner at a |level 0.50%
by d\?]glngog%g?énltgn 8)‘%1%%%&[‘4&‘92\ Ign{l%ﬁ order to achieve
substanti al honogeneity. The pol ymer was conmercially
avai | abl e AVAIL(r) sold by %)eci alty Fertilizer
Products of Belton, MO Thigjpolyner is a 40% by

wei ght sol i ds aqueous copol r of substantially

equi ol ar armounts of itacop%areRwal ei ¢ anhydri de
noi eties partially neutiRdlized with sodiumion (CAS#
556055-76- ) and havi ng/ﬁa pH of 6-8. The foll ow ng
tabl e sets fo He—r s of this experinent, where
| bs. N Acre refery to application of untreated UAN,

I bs. N Acre + NSNRyefergsto application of

NSN- suppl ement edUAN, | bs.\P205/ Acre refers to

appl i cation of untreated Aﬁ’ﬁmgﬁ@ | bs. P205/Acre +
AVAIL refers to applicatiofl of AVAIL-suppl enented APP.
Table 2 Treatments | bs. N ®Bcre and/or |bs. P205/Acre
Yield bu/Acre O Ibs. N Acre and O | bs. P205/Acre
(Ceeck Plot) 148.7 F

0
I
Rg C
( CH c/) \o
|
R; g
]
0
or
Q
I
Rg cC—0Q
( CH u\) \Y
FL? Rg ﬁ—O/
O
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160 | bs. N Acre and 30 | bs. P205/ Acre 227.7 E 240 | bs.

N Acre and 30 | bs. P205/Acre 323.3 E 160 I bs. N Acre
war@I3011Bbs. P205/ Acre + AVAIL 240.8 D 240 | bsPCTMUSIOE034616

and 30 | bs. P205/Acre + AVAIL 243.6 CD 160 | bs. N Acre
+ NSN and 30 | bs. P205/Acre 251 . 1 B 240 | bs. N Acre
+ NSN and 30 | bs. P205/ Acre 248.7 BC 160 | bs. N Acre +
NSN and 30 | bs. P205/Acre + AVAIL 258.6 A 240 | bs.
N Acre + NSN and 30 | bs. P20§/Acre + AVAIL 260.5 A LSD
(0.05) 6.8 cv% 3.0 Means were separated using Duncan’

S Wi &Jcirﬂ ﬁ],'%@”gﬁh ?‘e u{\@ﬂpéal% %x fl%@?ﬂ:cme I\%Iggle&mrom the group

letter are’not significant erent X1 mm com
yield i rPO@lbﬂﬁthé’equ’ér Qh*eﬁ% %glawmltemb@\mqﬁn e CxcliggRkyl or aryl

appl i ed i &her C
AR L tr2by edé R 5’&% “%a%ﬁgd 29‘? quchtg f‘fa*%@}ﬁ%%ﬂ.“‘ 1 based ester

NSNt r eatf@@luszquelﬁcmefatcdﬁé gavienye €ab, @F“W@téi%é’ efchanto Cu),
UAN al onge CW E&uﬁp Bn@bﬁngroulﬁt whé}?mlﬁg slef%t%ted hVOACtB@ %:1 0@15 €onsistin g

the addition of the two pol ymers resulted in a
bu/ Acr e 8fiCet(do $trids é,d%@wb%?ham aaf @y Picappl pedyegrenes; R; and R, are

Kllsﬁll gngeigiﬁlg dhﬂl%&l%é@h%@g s ddy £HE HS ElOQf; cQﬁ)stlﬂmE, he H, C,-Cy,
snalght branched chain and cyclic alkyl or aryl groups; R;, Ry, R, and R, are
individually 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, Si, B, and Ca; Ry and R,
are individually and respectively selected from the group consisting of nothing,

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

2. The fertilizer material of claim 1, said partial calcitin salt of said first

copolymer being mixed with said ammoniacal fertilizer product at a level of from about 0.01-2%

by volume, based upon the total volume of the first fertilizer product taken as 100% by volume.

3. The fertilizer material of claim 2, said level being about 0.1-0.5% by

volume.

4, The fertilizer material of claim 1, said partial sodium salt of said second
copolymer being mixed with said phosphorous fertilizer product at a level of from about 0.01-2%
by volume, based upon the total volume of the second fertilizer product taken as 100% by

volume.

5. The fertilizer material of claim 4, said level being about 0.1-0.5% by

volume.

6. The fertilizer material of claim 1, said polymer having the generalized

formula
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copolynmers. This study indicates that the efficiencies
of both N and P containing fertilizers can be greatly
wo provas2 by t he additi.on.of. the copolyners.| BCHUA2004034616
A fertilizer material adapted for fertilizing a crop
and conprising: a first fertilizer product including
an ammoni acal fertilizer and a partial calciumsalt of
a first copolyner; and a second fertilizer product
i ncluding a phosphorous fertilizer and a partia
sodium salt of a second copﬂﬁyner, said first and
second fertilizer products being present in
synergistically effective anounts for said crop, said
first and second copol ynmers individually and
i ndependently selected fromthe group of copolyners
i ncl udi ng recurring polyneri &%ubunits each nmade up of
at least two different noieties\individually and
respectively taken fromthe gro consi sting of A B,
and Cnoi et~ j ties, and Cnoieties
whi ch are njo iety Ais of the
general for general formnul aand
noiety Cis rmul a or orwhcrein R1, R2
and R7 are \Vi d raspectively selected from
t he group

where X is a cation and p ranges from about 10-500.

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

substituents are metal cations, and some are H.

8. The fertilizer material of claim 1, said ammoniacal fertilizer selected from
the group consisting of ammonia, ammonium nitrate, ammonium sulfate, urea, monoammeonium
phosphate, diammonium phosphate, sodium nitrate, calcium nitrate, potassium nitrate, nitrate of’
soda, urea formaldehyde, methyl ammonium phosphate, ammoniated super phosphate, and

mixtures thereof.

9. The method of claim 8, said armmoniacal fertilizer comprising urea.

10. The fertilizer material of claim 1, said ammoniacal fertilizer being a liquid

or solid fertilizer.

11. The fertilizer material of claim 1, said phosphorous fertilizer selected from
the group consisting of monoammonium phosphate (MAP), diammonium phosphate (DAP),
calcium phosphates (normal phosphate and super phosphate), ammonium phosphate, ammonium

super phosphate, ammonium polyphosphate, phosphoric acid, basic slag, rock phosphate,



consisting of H OH, C1-C30 straight, branched chain

and cyclic alkyl or aiyl groups, C -C30 straight,
whea@aahas2 chain and cyclic alkyl or aryl C C3PChES2A9/034616

ester groups (formate (CO), acetate (Cl), propionate

(C2), butyrate (C3), etc. up to C30), R CO2 groups,

and OR groups, wherein R is selected fromthe group

consisting O G -C30 straight, branched chain and

cyclic alkyl or aryl groups;,sR3 and R4 arc

i ndi vidual ly and respectively selected fromthe group

b

coll%?cpaf Fl?&sgfﬂge %Ené_!nhog@ ot ?185%2%5%'51?{at§ 51@151851@% r{:ﬁﬁ%ﬁgfg% mixtures
ﬂwnmd|V|duaIIy and respectlvely sel ected fromthe group

consisting of H the alkali nmetals, NH4 and the C -C,,

al kyl ammoni um groups, Y is sel ected fromthe group

consi st iy ofThegertiNger xq\’,vgzuazpfcl@ 1, yqid finsgand gpcong cojgglymers being
theShme.B: and Ca; R and R are individually and

respectively selected fromthe group consisting of

nothing, CH2, CH , and C H6. 2. The fertilizer

mat eri alj30f Gﬂh@'fémﬂ'rzcr SukiaPS dididl 1, 634 Gtk M BRLEndopSBhdrs cach

first copol ymer being m xed with said anmoni aca
confaspip g fiojsies pf igorie 2@t 2ad malpE angydiideom about 0. 01- 2% by

vol unme, based upon the total volune of the first

fertilizer product taken as 100% by volunme. 3. The

fertilizer material of claim2, said | evel being about

0. 1-0.5% by vol une.
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4. The fertilizer material of claiml, said partia
sodiumsalt of said second copol yner being mxed wth

waaiod/1ptiesphorous fertilizerproduct at a | evel PGI/UB2009934616

about 0.0 1-2% by vol unme, based upon the total vol une

of the second fertilizer product taken as 100% by

volune. 5. The fertilizer material of claim4, said

| evel being about 0.1-0.5% by volunme. 6. The

fertilizer material of clai m 1, said pol ymer having

t he generalized fornul awhere i's a cation and p

ranges f.om abaut, o0y Bisid: . b B sedRLer | al

of cl ai.rr{éé, \%h?glllrée}on at {?lgalé “go;ﬁ’e&’g{ftﬁ’?&?ﬁ XC’ o o _

s ubsistingem fastiliger matsrial ontesoibprssaidagie. seifelediligerinatgrial Prrduding a
fertili 2kt i%i@éﬂ;filddu?t co?xll[ﬁ%mglm a&ﬂio%a@mmi%%hcfiapartial calcium

fertilizer selecte romthe group consisting o

anmoni a, s st rﬁowlamer,,_ fmmrﬁemﬁds éﬁrfﬂéﬁee,prew‘é,éomprising a
monoant f}%@gﬁai}&@ QSANAL Gna ShATRRBIYUE ARCFREALE cHREMP

nitrate, calciumnitrate, potassiumnitrate, nitrate

of thedest angrsegoridderitird ebnrdets berpg pripbenammurigiftiqeHY sPbraie amounts

anmoni alfggs‘ﬁp&gf’ phosphate, and m xtures thereof. 9.

The nethod of claim8, said amoni acal fertilizer

contpe fizt iyl sepend copdymapéndiédeallyinpdindprenderityseigeiod framthe srovp

1, sai d aepia&dlind Ridd lebifhg PALRAGH @sUbbfiW Gich 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, wherein moiety A is of the general formula

{—cH—cH—)
|
Rq Ry
moiety B is of the general formula
Ra R4 Ry Ry
{—c - or (—c—-c—)
O===C C—=0 Oz==(C C—=0
ORg ORg 9] @)
\/
Ra R4 Y
R
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or solid fertilizer. 11. The fertilizer material of
claim1, said phosphorous fertilizer selected fromthe

w@e@ap1a8nsi sti ng of nmonoant noni um phosphat e (RERYUS2009/034616

di anmoni um phosphat e (DAP), cal ci um phosphates (norna
phosphat e and super phosphate), anmoni um phosphat e,
anmoni um super phosphat e, ammoni um pol yphosphat e,
phosphori c acid, basic slag, rock phosphate, coll oi dal
phosphat e, bone phosphat e, _9pvniun1su|fate, anmmoni um
thiosul fate, and m xtures thereof. 12. The fertilizer
Mt e e € bAlligheidhthud] rst_and second copol ymer s
being the sane. 13. The fertilizer material of claim
1, said first and second copol yners each cont ai ni ng
noi eti es of itaconic acid aqg mal ei ¢ anhydride. 14. A
nmet hod of fertilizing a croqL conprising the steps of:
applying a fertilizer materilal onto soil or said crop,
said fertilizer material indUuai¥goa first fertilizer
product conprising an a niacal fertilizer and a
partial calciumsalt of first copolyner, and a
second fertili Cigrod ct}tonprising a phosphor ous
fertilizer and a partial sodiumsalt of a second
copolynmer, the fimrst andgsecond fertilizer products
bei ng present in synergiskjcally effective anounts for
said crop, the first and sﬁcon ¢opol yners

i ndi vi dual Iy and independeotly sel ected fromthe group

or

0
I
Ra C
( CH C/) \O
| AN
R, Rg C
I
o]
or
0
|
Rg C—0
( CH C/) \y
S
O
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of copolyners including recurring polyneric subunits
each made up of at |least two different noieties
w0 p@oaideal |y and respectively taken fromthe BEDUR2009/034616

consi sting of A/B, and Cnoieties, or recurring C

noi eties, and Cnoieties which are not different,

wherein noiety Ais of the general fornmula noiety Bis

of the general fornulaand noiety Cis of the genera
formula or orwhcrcin R, R2 gnd R7 arc individually

and respectively selected fromthe group consisting of

H, mzc&qu@ aid @J ollals 111(:1W1§L[!{@19%d01]3§5e@t1w s&g&éd @rom the group

al kyl or ary"groups Cl- C30 Straight, branched chain
and cycldoasigtingef Ky Oy #-Cg M&’ilo Hsarsber eltie pndy pplipglkyl or aryl

(f ormat e (od)e i .
e efgéélqﬁs)C aessglien ﬁ%@g@gﬁg@&&we%mmw@ sed ester

wher ei n wunséfosiéméé@MCﬁ%ﬁCﬂh@%P%@%bﬁgiysqti: tig)sGtc- up to Cyp),

CpC 30 steai gmps Qﬁ@@ﬁrﬁguﬁh@h&mﬁ‘ﬁd;s%)!l%l:tb&ﬁ@hl%{é g8lip consisting
aiyl groups: R3 and R4 are individually and

respect iaféli ‘Fas‘éf“é%llt Sprehehsbeang cylis 28ahel 4vl gigirst Rynd R, are

C, - C30 shdi@idgflty ader REFDBEEEIF Raddedanéin Qﬂ&k&wﬁp @bxko)@tmgrofﬂ C,-Cy
aryl groups; gﬁ R10 and Rn are individuall

r espect istaisyt: §é‘|neltfidé&‘“ﬂ EBALYHE 2PIbAA LRSS R oRxHand Ry are

the al kahdividBhiB) sd -NpbAREyBectba £64 td ¥y &mahglmn the alkali
groups, Y |s selected fromthe group consisting o

Mh, My, nzcﬁa S @}{4 agy! the@o C, M»B<yl RMERUMErOUpPEy Y gﬁ@legﬁd fr ﬁg thc group
and R consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V, Cr, Si, B, and Ca; R; and R,
8 4

are individually and respectively selected from the group consisting of nothing,

CHz, CQH“, mld C:;I‘lﬁ.

15. The method of claim 14, said partial calcium salt of said first copolymer
being mixed with said ammoniacal fertilizer product at a level of from about 0.01-2% by volume,
based upon the total volume of the first fertilizer product taken as 100% by volume.

16. The method of claim 15, said level being about 0.1-0.5% by volume.

17. Themethod of claim 14, said partial sodium salt of said second copolymer
being mixed with said phosphorous fertilizer product at a level of from about 0.01-2% by
volume, based upon the total volume of the second fertilizer product taken as 100% by volume.

18. The method of claim 17, said level being about 0.1-0.5% by volume,

19, The metliod of claim 14, said polymer having the generalized formula
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are individually and respectively selected fromthe
group consisting of nothing, CH2, C2H4, and C3H6. 15.
wab@mretiBod of claim 14, said partial . calciumBEl/USWNIN34616
said first copolyner being mxed with said amoni aca
fertilizer product at a |evel of fromabout 0.0 1-2%
by vol une, based upon the total volune of the first
fertilizer product taken as 100% by vol ume. 16. The
nmet hod of claim 15, said | evel being about 0.1-0.5% by
volune. 17. The nethod of ctl& m 14, said partia
sodiumsalt of said second copol yner being mxed wth
sai d phosphorous fertilizer product at a | evel of from
about 0.01-2% by vol une, based upon the total volune
of the second fertilizer product taken as 100% by
vol une. 18. The method of cl &% 17, said | evel being
about 0.1-0.5% by volunme. 19 . Yhe nethod of claim 14,
sai d pol ynmer having the generali ] [

met hod of cl &y 9 i east sone of said X

¥d sone are H 21.
sai d{amoni acai fertlllzer

unS| S

um phosphat e, diannnniun1pﬁbsphaté?<sodiun1nitrate,
calciun1nitrate potassiumnitrate, nitrate of soda

thrc 9(6‘13 a% gygx? c:ﬁ% h.1)6outalr('?‘@jg' um phosphat e,

osphat e

20. The method of claim 19, wherein at least some of said X substituents are

metal cations, and some are H.

21. The method of claim 14, said ammoniacal fertilizer selected from the
group consisting of ammonia, ammonium nitrate, ammonium sulfate, urea, monoammonium
phosphate, diammonium phosphate, sodium nitrate, calcium nitrate, potassium nitrate, nitrate of’
soda, urea formaldehyde, methyl ammonium phosphate, ammoniated super phosphate, and

mixtures thereof.

22, The method of claim 21 said ammoniacal fertilizer comprising urea,

23. Themethod of claim 14, said ammoniacal fertilizer being a liquid or solid
fertilizer.

24, The method of claim 14, said phosphorous fertilizer selected from the

group consisting of monoammonium phosphate (MAP), diammonium phosphate (DAP), calcium
phosphates (normal phosphate and super phosphate), ammonium phosphate, ammonium super
phosphate, ammmonium polyphosphate, phosphoric acid, basic slag, rock phosphate, colloidal

phosphate, bone phosphate, ammonium sulfate, ammonium thiosulfate, and mixtures thereof.
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m xtures thereof. 22. The nmethod of claim2 1 said

ammoni acai fertilizer conprising urea. 23. The nethod
wo@Rooeliailgr 14, said anmoniacai fertilizer bei ngP@EI/UBZPOY/0B4616

or solid fertilizer. 24. The nethod of claim 14, said

phosphorous fertilizer selected fromthe group

consi sti ng of nonoammoni um phosphate (MAP), di anmonmm

phosphat e (DAP), cal ci um phosphates (nornal phosphate

and super phosphat e), annDnluﬂ;phosphate anmmoni um

super phosphate, anmoni um pdl'yphosphat e, phosphoric

acid, basic slag, rock phosphate, coll oidal phosphate,

bone phosphate, ammoni um sul fate, anmoni um

t hi osul fZt e, Hrdatiodafrleln t+hesiebfst @86 sechnd copiyrods bfing the same.

claim 14, said first and second copol yners being the

sanme. 26. Thenethod of claim 14, said first and second

copol yne¥s edétsmedmdal diing ‘neiiefiseand sfcond expohingerargpicontaining
mof¥th JRL:EYGe J0BYA! hilfic Afyae Method of claim 14, said

first second fertilizer products being applled
substantlally si mul taneously. 28. The nethod of claim
14, saidAfir Sesndfer I j -
appl i ed%i7n szltrhlegll order. 2 ﬁ E#J hﬁbgfllﬁ(g%&g#mreﬁtg?% %%,duas being

mﬁ@aﬁaﬂ$Wﬁ§@béﬁdm§@é@ﬁb’fert|Ilzer products bei ng m xed

toget her and appli ed.

28. The method of claim 14, said first and second fertilizer products being

applied in serial order.

29, The method of claim 14, said first and second fertilizer products being

mixed together and applied.



