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WO 20RHREN NG FEDERAL RI GHTS Thi s i nventi on wasPOETE20f/043409

gover nment support under ontract No. W 7405- ENG 36
awarded by the U. S. Departnent of Energy. The
governnment has certain rights in the invention. 5

FI ELD OF THE | NVENTI ON The present invention rel ates
generally to selected proline-containing :
conpositions and the use of such proline-containing
conpositions for "inproving plant growh,
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agai nst selected stress conditions and the like. 10
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plapbgrawth, é‘ﬁﬁ@@r%rnmsgfeéﬁrmmt@aemr Py@iacing mnetsgmmséf
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tenb88 o Blatétu in! bboSlyRl ESrHPHL A RTASRE pint Growth has been
addressed in numerous studies of plant reguiatory mechanisms, which remain
incompletely understood. In particular, a complete understanding has not been
attained for the plant regulatory mechanisms that coordinate carbon and
nitrogen metabolism, which must have a major impact on piant growth and
development.

Simitarly to the desire for rapid plant growth, other plant factors are
important to the agricultural industry including factors such as: length of time
until seed germination, uniformity of germination, i.e., nearly simultansously
germination, yield, and the ratio of total seed germination.

U.8. Patent No. 5,922,649 by Pehu et al. illustrates appliication of a
composition, specifically a glycine betaine compesition, to improve the vield of
plants,



conposition, specifically a glycine betaine
conposition, to inprove the yield of 30 plants. 2
U.S. Patent No. 6,831,040 by Unkefer et at.
illustrates application of prolines such as

2- hydr oxy- 5- oxoprol i ne, 5-oxoproline
(2-pyrrolidone-5- carboxyldc acid) and m xtures
thereof to plants can pronote growth. Maintaining an

ff i ' f eith ) .

> oXbs bt 6.0 pr oyt HiStass anplication of

prltiiri]rﬂiﬁ yudﬂﬂ&ﬁt Ei‘ltb}tiﬁoxytﬁﬁn\xap'rcﬁinepﬁatob(bprqiineqémyraﬂiidone&ﬁi
e 2-oxo@l utaramate . can resuy
cappnip Al ancqnaites F8tmet B e G BB REGoptn
Méin@nirggarpéf&mtise\mmbemr@ﬁmgbmiﬁrearmtbe)ﬂp P-oxoglutaramate and
YR ARA TR o s LY SRS VRS BIREh ok g déhcdhifation of
the Progighitaramatetzarerageiidn knpsoved pgiriosananegudiality traits and
" _ gy ; .

RS ST ehsd T s Doy ol sca
previderkeseebensiist Tydaieomethods abed et Bieximising g brpefits of
py?tﬁ%ugfn‘r)ﬁt@ﬁ%y% (%@ne?dlfﬁ@qﬁir@ﬂﬁé?u!bﬂ fhefucPt FrebBhEMS taMaintain

efficac such conmpositions in pronoting seed
the desiredlavels ofphgfOmPRt and yiel d. The inventors
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s@mmpbﬁmnﬁinr@mmmmgqfeed_gemidaﬁbn, atgrowdmand yield. The
.. Stereolso rs 1.n ra R . .
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stereoi soners to a target w a second aspect,
there is provided a net hod§i6' |ﬁ§:fgasi ng the

agr dmarfirst qupechrtherecis rapvided & eRIMPQRitia CUBRRFING ahatixture of
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stBreoisomers in a ratio of L to D of from about 80:20 to about 97:3 and a
carrier medium for said L- and D- pyroglutamate sterecisomers.

In a third aspect, there is provided a method of treating seeds prior to
planting comprising wefting the seeds directly with a solution of a composition
including a mixture of L- and D-pyroglutamate stereoisomers in a ratio of L to D
of from about 80:20 to about 97:3.

In a fourth aspect, there is provided in a seed coating composition, the
improvement comprising adding a mixture of L- and D- pyroglutamate
stereoisomers in a ratio of L to D of from about 80:20 to about 97:3 as one
component of said seed coating composition.

In accordance with the purposes of the present disclosure, as
embodied and broadly described herein, the present disclosure includes a

composition including a mixture of L- and D- pyroglutamate



of from about 80:20 to about 97:3. In a fourth

aspect, there is provided in a seed coating

conmposition, the inprovenent conprising adding a
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80:20 to about 97:3 as one conponent of the seed

coati ng conposition. DETAI LED DESCRI PTI ON

Pyrogl utamate exists in two forns, the D and L

stereoi soners. Each of s these isoners is active at
generating the desired benefits in plants. The

commerci ally avail abl e pyrogl utamate, synthesi zed by

a bacterial fernmentation
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process, has a stereochem stry ratio of approximtely
60: 40 of the L isonmer to the D isoner. The present
WO 20{BS6M0Pon i s concerned with conpositions i n®@CHEIIHO6(043409
and D io isoners of pyroglutarmate in various ratios
and the efficacy of such conpositions in pronoting
seed germ nation, plant growth and yield, and
resi stance to stresses. Preferred or optinal
conpositions for pronoting such plant growh and
yi el d have now been found. In particular, the present
invention is concerned with conpositions including
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Ef%?wn‘f%ionéi SRptnegyviluenpesiiansipelding l+ aad D

lsorheIB ofgh\ebEIatameEte in {rﬁidm% ratiof LR Ad @ﬁﬁcagﬁ oRSudip about
an unex ect ed cgreater stimulati on of plant

oS R PP EOR T FE T LOFRUORIPE. RIGTheGowin A visld, and
resxslaabe ab streBses? Palfarre ofl di}@tuﬁﬁmlﬁﬁ@ds:m& f@ﬁﬁro@ﬂm&ﬁ\gb@ch

S 5 A S B IS, S Mo
is catmﬂrneawlthmomﬁpcmndmnmmﬁm midtiges bbnaﬂarhq D—ltfiegl@tamate
ster%glmﬂ'ﬁéd& 'n%(}ﬁﬁgfaaﬂ égcoa QPR s%q"n&‘srtagg %?frgm ahous %8 S MM e

87:%enkusk @Q”‘@@ﬁﬁwnaﬁr@ﬁisoafseﬁdaﬂ;ﬁee:émelnmlrmﬂeandmmd
can®e ér'ﬂ?ld%b@ﬁﬁ ﬁtséeﬁ\ﬁg)%gd?%nhtap %ng%éeﬂsdshh%%oh”% ;Brggent

a mxture of nat e er eol soner
invegtion ig fyrthes cpnepaed d\ﬂﬂfb?i@iaacy ar ¢ieclivenessmfahyonglugonate

n{ t
o ﬁbm%lhggyn ogé%&éwguszo‘g@/' 04%4%%%.5%5@ £ fores mg{“ﬂm" @
carréef.rtto(gir

Rigpisdfor pranetiigyelant gromdh aag Yt%d in water,

i nmh@dctd’r@aosﬁxcﬁ{ ofthe %r@é&ﬂ‘nﬂi%dﬁ@h%s dr@péﬁ:é@ E:Bhdiu&\‘f“é for
solution. The b| CI de

l.ut | B:er bicid
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steré@isdrdir catioabiphv@raboyt 80:20 to about 97:3, an unexpected greater
stimulation of plant growth occurs than is possible using either sterecisomer

I

alone. The compositions can ailso be effective at protecting plants from
stresses such as those received by the intentional or inadvertent application of
a herbicide. Additionally, these compositions can be applied as a germination
medium or used in a seed coat composition to provide enhanced germination
of seeds.

in one embodiment of the present invention, the compositions including
a mixiure of L- and D-pyrogiutamate stereoisomers with a L to D sterecisomer
ratio of from about 80:20 to about 97:3 may be combined with a carrier medium
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acetic acid) and the like. One skilled in the art
would be famliar with the various s fertilizer and

WO 20080058409 de sol utions that nay be enpl oyed. HBGEASR(06/043409

the pyroglutamate conpositions of the present

i nvention can nost sinply be conbined with water. In

anot her enbodi nent of the present invention, the

conpositions including a mxture of L- and

D-pyrogl utamate stereoisonmers with a L to Dto

stereoi somer ratio of from about 80:20 to about 97:3

may be conbined into a seed coating conposition,
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€ g8y 9P enperatures or noisture | evels whereby
SEedsyrogiatdamaiel combeskidors! dehemhesErﬁ irevenfibn pah sRaply be
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and%QX:kQ %&h@ﬂ%@ St 8F saaﬁ&?@tgegéch G& Mgfc;&é)s and %e@ﬁ&&es or

facilitate its application to a to seed
to p@tpmp’gg: RYENtY aexminatental a @@&Igeﬁfﬁﬂt%pnﬁl gy rqiﬁ? to

tenﬁ:%fétuﬁ'ar n@cﬁ@tu?é 8Ad kg ikd. t 9484 LhanTLA/AISO D& t provide
hand seeds and/or plants. The support can be

compausd ﬁdg%té“@m"%P‘é%@“P‘ﬁa‘i Rfr $PSLPEEYAIANGE] EoVRFample, 3
polydfiBri¢ 85&#PMBL bel deiity B4 9de Bt pre-selected temperatures or
moisture levels whereby seeds can be planted earlier than the optimal
germination ime and the seed coating will delay the germination untii
environmental conditions are suitabie.

The compaosition may also include a carrier. By the term “carrier” is meant
an organic or inorganic nafural or synthetic material with which the active
material, i.e., the mixture of L- and D-pyrogiutamate stereoiso}ners, can be
associated to facilitate its application to a plant, to seeds, or to scil proximate to
seeds and/or plants. The carrier can also faciliiate transportaﬁon or handiing of

seeds and/for plants. The support can be a solid (e.g., clays, natural or synthetic
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silicates, resins and waxes) or fluid (e.g., water,
al cohol s, ketones, petroleum fractions, chlorinated

‘WO 20eysaac|r bons and |iquified gases). The pyr oBCDUSHEG@43409 .

conpositions of the preseht invention nmay al so
include one or nore surfactants which may assist in
the penetration of active s conponents into plants.
Such surfactants include anionic, cationic, non-ionic
and zwitterionic surfactant. Anionic surfactants

i nclude al kyl aryl ethoxylates, fatty acid

et hoxyl ates, vegetable seed oil ethoxylates, sorbitan

silicétat | npsins istdasdass) oe il eldt W&teroélc@ﬁ@grke%ﬂ(é@(ble&b%%m
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fracifiss S RASIHE £ rSRthE! BRRRHY | ene) - (OCH2
Thi2 )pyfaditthsate tombbsiiona s tﬂmrmy:mﬂ inddidoprmalPa®d include

ons I g AR BIRE LA 0o G350

_comageents inga (plarﬂis Sphofcsurédctamts itdlede akbmc]’betlomc non-ionic

and EW&%JQHE%%&& g/g{x}s ictéugﬁ%tﬁ&s r&?@%@l eQNg)Hhétgg

faﬁydicrt&eihlgnﬁeteswemtah@ seesk ol gthexﬂﬁtase sonbitan fatty acxd ester
etho‘kgﬂﬁ&s bt bipes a%&gl’%‘f‘esa@?lnbs% &l}qﬁa%gqtg chi zﬁé\?de{]%lﬁmo‘c

[ ants, prayl

. n
docéﬁﬂ%ﬁ@@fe Byd éipﬁapgmguwé &i—éws(ahenﬁewr@%ecbhbmaiso

kno@ﬁ@sw&ow*gTﬁrcﬁfr@B_@bMy the conpositions may be
%ple y spraying on the foliage of the plants.

& P#m%a@a% EOMPPEgPE erﬁ't%P"@éﬁﬁUw?"f&ﬁ‘sméf alsegnclude
one [o¥ &&E@Wéttmgeétjérﬂﬁ sugk aBRiiyolusRNWIKE,. recr eati onal

| ants or W|th recreational or

decor |ve
3be svia Jamar somRostions aiine Bresany nyeaiion maybe
advaritagedusly apliettoipints bypmy or&(aﬂmhembef op:lnéah§ Féljid

sxafi B T e e R RIS 1 B ho ko 3he 5
sprayingegn hedaliggecalr the piér&sl hag;/ applaing, todnel sbuﬂafqunﬁ the plants
ana 550 P M SR P a%pgébgﬁar%;gﬁgzcﬁ%@%
foliage wéthe plamtgdi ng grapes and the |ike, vegetable ,

%H%étﬁé@s éﬁcﬂ‘ E:Drc%%[utgfr%g& 8hin o%ﬁigé% fghg%e%rgggﬁﬂﬁ§§4ﬂon

sprouts,

mays 'affﬁ&ic\élﬂzare(qs%@tmr@é@r de@mlweylar&mr pith pegreational or
decéraswevoag Y %%brﬂ&:ﬁl@ﬁ{z YseftNidd reRBRGSofnARid Riodsl ke) ;

@gﬁ umes such soybeans, buSh beans and 't he
Examp!@‘é of piants and \vr eyt ﬁlaéﬁﬁtYeb%Hﬁﬁ@éﬁ I g Brageat iBvertys
inclule: hhmoe@@re@ahs émabb@m sLRPEE SGRknY rbaRuMRScdrRe
h and el lants, for exanple the anpunt

barigy, oats, and tu le grasses; dauotyiedons (dlcots) such as roses and
fruit trees including apples, cherries, and peaches; vines including grapes and
the like, vegetable crucifers (such as broccoli, cauliflower, brussel sprouts, kaie,
coliard, radishes and cabbage); solanaceae {potatoes, tomatoes, and peppers
including green peppers, chili peppers and the like); and, legumes such as
soybeans, bush beans and the like.

The pyroglutamate compositions and process of the present invention
considerably improves the growth and yield of plants, for example the amount

and quanity of the yield. The pyroglutamate compesitions and process of the
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and quanity of the yield. The pyroglutamate
conposi tions and process of the WO 2007/ 056409
i nventi on can BET/US2006/043409
econom cal | y advant ageouss and the increase in the
yield can be economcally profitable and significant.
For exanple the anmount of oat yield has been
denonstrated to increase with a suitable application
of the described m xtures of L- and D pyrogl utanate
stereoi sonmers. 5 The present invention is nore
particularly described in the foll ow ng exanples,

" pre¥BhiGhvartRn dnaRdeshrtnibilyusdvatihyeRua i, ths int¥ase in the

. hunerous nodificatigns anq? ,\/ahj at#%ns w || bﬁ ¢ of
yielg cea e ecqnomirglyprefiiablegnd sioniicagt or pxamplednp amount o
oat{y!iéid'j wbgtb%b?hm. atdd t?&hc_;r‘é@éd Iwimﬁts?w@bee‘ ! ﬁ;:a;amaedn ohthe
i W, e .seri 0 ogl ut anat e | soner

desgiibed MEtiEsR o AP pP Yol AR R M int od ¢ o

t r arike pte3ghit Brenidn isaﬁcaefpzrrtitnxgarmamcrmd@aym fofabing 1

Ser.i es conpositio eri.es Nunber. %. ' r._%.
exaarE EEH R ripae RSN Sy 4ie ByhaG B modftapns
andl Qaridtlon@wib bethppafet to b8 EKlled4d tB8a. #10 99 1 #11

99.6 0.4 #12 100 0 #13 %%%Q10 0 The best pl ant
grom h rate, based on days sfnce treatnent versus |
trdididual batches of oat seedlings were treated one time with the series of

pyrogiutamate isomer mixtures shown in Table 1. Leaves were counted to
track plant growth rate for the next 28 days.
Table 1

Series composition

Series Number % of L. isomer % of D isomer
#1 ' O 160
#2 80 40
#3 70 ] 30
#4 80 20
#5 o0 10
#S 85 5
#7 a6 4
#8 a7 3
#9 98 2
#10 Qs 1
#11 | 99.8 0.4
#12 100 0
#13 {blank} 0 0

The best plant growth rate, based on days since treatment versus total
leaves, was found with the following ratios of L/D isomer: 80/20; 90/10; and,
95/5. Each of these ratios ouiperformed the standard commercially avaiiable
material having a L/D ratio of 60/40 {series #2).
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is | eaves, was found with the following ratios of LID
i sonmer. 80/20; 90/10; and, 95/5. Each of these
WO 200t056a89 out per f orned t he standard conmer ci al lPET/US2006/643409

avai lable material having a L/D ratio of 60/40

. (series #2). WD 2007/ 056409 PCT/ US2006/ 043409 7
Exanple ,2 The oats fromexanple 1 were al so
nonitored for their nunber of tillers wth flag
| eaves energed at day 28 post-treatnment This
parameter relates to potential for grain yield.
Table 2 contains the resultant tillers with flag
| eaves at s 28 days formExidmspleare series of isoner

j _ Table 2 Series 12 34 5.6.7.89 10 11,12
5 il Srlp T SrAloq mapiiore & (el nymdgr obtlsgs
Mtfﬁkm@avw ¢inefdeahat SRR poé’igﬁagﬁ&ﬁntp’f@'hfsq:rdsi‘ameeo r;ma&tes to

. . | S m
porg B il VIgIE, A0k SectreitOine B Gah! HEE 6 ol Toayes =t
28 daysridathe ssommeedssadi ipomer evizivkeabl e material having a

UD ratio of 60/40 (seri q%tﬁg? Exanpl e 3 Cat
seedlings were treated w he series of
Serisgr ogl Gt andt ¢ Bsonér| B ktGr ps7shodm % Tablle12.| 12 | 13
nuritRaves were counted to trackjplaht growh rate fior

the gext |24 gays! isiTable 2i Setjes!| conposiltion
Tilegar i es2NGRder 06 o34 | iBSomS7 %028 | B1i p8der 2241267, 84 | 19 |
withedacp | #2({80 20 #3 85 15{ #4/90 10 #5 92.5 7.5

leaves

R

The best performance was found with the ratios of L/D isomer from 80/20 o
97/3. Each of these ratios clearly outperformed the standard commercially
available material having a L/D ratio of 60/40 (series #2).

Example 3
Oat seedlings were treated with the series of pyroglutamate isomer

mixtures'shown in Table 2. Leaves were counted to irack plant growth rate for
the next 24 days.

Table 2
Series composition
Series Number _ % of L isomer % of D isomer

#1 77.5 225
#2 80 ' 20
#3 85 15
#4 90 | 10
#5 925 ' 7.5

#6 (blank) o 1

The best plant growth rate, based on days since treatment versus total

leaves as a percentage of day 1 leaves, was found with the ratios of L/D isomer
of 80/20, 90/10 and 92.5/7.5.
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WO 2008/5@Rt age of day 1 | eaves,

#6 (blank) O O The best plant growth rate, based on
days since treatnent versus total |eaves as a

was found wi t h PORUR06/043409
of UD isoner of 80/20, H110 and 92.5/7.5. WO

2007/ 056409 PCT/ US2006/ 043409 8 An exam nation of
the results of exanples | through 3 denonstrates that
i mproved pl ant performance was achi eved using ratios
of UD isonmers of pyroglutanate between about 80/20
and 9713. Exanple 4 5 Three year old tomato seeds
(Heinz # 9665) were treated with aerated water

Aﬁ@ﬁémlahoﬁadtw felRuda bt SsmpR Ut ﬂhawgmés dtehfbnstrates that
yrogl ut amat e conposi ti on i somer

imp{oes Pla gedREREN R Wes SEaIRYE RIRG resasr t O Botrt o

pyrédiutaiiate b@mmtabtﬁxtksomahcaamthen spread out onto
germ nation paper in st ar phyt otrays (at 25C in
the darKk). 10An|n|t|alz?£‘ﬁ/ ffut amat e conpositi on
elvetheid8bmkio seode® (Heiat n#cesaﬁawer@ trepdeditabemted

GRG0 BTt TR e bl o B

(zsorrmfreatroe&ﬁ 15 ciis: B} dhemedds avare |soakecl hn&mﬂct) if@rfotrphoyngdn
the ?g%’t en\fe hcftﬁc? gﬁd‘@ﬁér‘? sélre%él i gr?g% g@ﬁn Egilérpi%ﬁkg':iﬁ isB#dard

conposi|
thteaydéatcﬁfé’alutthQﬁa(@) 1/10 standard sol ution (11);

iﬂtéﬁl?ﬂ%ﬁél ?@th %ﬂid&%ﬁ@ﬂ (thh'tﬁe 89"*!@3 is&r‘nép%so) was

stan pronounce

prepariefhat atqoa"ﬁe@iraw o %}Qa? |Wf“ éﬁ%@uﬁ @é{i“ Phb%fé'@&g about

B. ntah@%@drh\m tbmbhsidh IORSHandnEg sféhldutd @éluﬁdn{ I =a8dion to
the 1/ 1000 standard sol ution \%\1] n arl son to
thef’@%"’g%‘?&fﬁsn‘ﬁ?"eoﬁﬁe?t@ij in the PIAVING f &O’F‘Eﬁ“ Elji'é’“§f’5ndard

%btﬁ?ﬂeﬂ@ cbﬂrﬁ)oféiﬂi@nt Q@n&iéﬂ:ﬂsaﬁibmrdﬁr ?lwtsmguam ﬁ:bﬁon @an;
e ri reate e .

11 AL St T g 1RSSR BB %) o ¢ he

M &8y g} apadicinget lstsi-rmiat(ohlc)f garmmaioecmmamsmabm seeds
tre %?@ tt%f? %!1&@%&%&%%% d Sﬂr]t @H) 3 aogth%{]%lg 3&? Qa'nggrcpéoiutlon
(valonparpasreun i rensgenvaaaten: Tor tie ednthed @andher thelgndard

1/ 1000 standard

SO"% t{"? /t ﬁom‘%}‘%%&ugggg{f 25 percent 25 of the

mdmaﬁiad of tie Varioumndrsds iopatembydha goalelaolwiom. thes.
standard solution (1) or the 1/10 standard soluiion (li), revealed that zero

percent of the seeds demonstrated any swelling of embryo or emergence of
shoot radicles. In comparison, seeds freated with either the 1/100 standard
solution (ili) ar the 1/1000 standard solution (IV) showed that about 25 percent
of the seeds had swollen embryo or emerging shoot radicles.

At day 6 after initial treatment, the following germination levels were
observed: for the control solution, 62 percent germination; for the standard
solution (1), zero percent germination; for the 1/10 standard solution (11}, 64
percent germination; for the 1/100 standard solution (iil}, 86 percent
g‘en'ninatio.n; and for the 1/1000 standard solution {1V}, 88 percent germination.
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At day 6 after initial treatnent, the foll ow ng
germnation |l evels were observed: for the control
WO 2000bsd400Nn, 62 percent germnation; for the sPaRdBred6/043409
solution (1), zero percem germnation; for the 1110
standard solution (l11), 64 percent germ nation; for
the 1/100 standard solution (111), 86 percent 30
germ nation; and for the 1/1000 standard sol ution
(1V), 88 percent germnation. WO 2007/ 056409
PCT/ US2006/ 043409 9 Fromthese results, positive
results on: tinme of germ nation of the seeds, i.e.,
Fepradtiesd repalis| peaitiveresfilid ba: treeds gepaination agthedeeds,

devel f.
o $54el] harPlhaBiiornd S80S B Raos B Sednelirand: o o
devejppwanizhesde oﬁ\m sepdiipgsl aom mcMated wWth the

pyr ogl ut anat e conposi ti ratio 85:15 of L:D)
at the flf@& | eaf stage ggsn r??é)gﬁe same treatnent

Capnmeraial grosuy Wheat was aurawnmne fishamithttheat nent s.
R
usmq fmmenmatrpet stlvianee depedes inxgr sthamiantgreatments.
Graif WEBE & abicf i€ h%tﬁrﬁt?"‘ﬁtet t?é’elxt%d 91’!&9 RIS 6.68T/ sh%rc%fé 91?]0 e

otvvlcetheflrst tlms new vi ne gr ow
(7% incgeagg) graindpred)i than éh%nvﬁgtada#@hs The
pyr ogl ut anat e conposi ti gaa(ﬂ ger ratio 85:15 of L:D)
m per acre. The treated

C@%@@E&ﬂr @g%efé’m@%@@psétw%ﬁtap@w tice e sk g 8t
6-128 vapew virdddiowsls andand sbems);ptéw@ 2 Aeoniind 1ag@ exhepl ot s

1 t andar est was. conduc ed
pyrobliipall TR IR FIR R 7 Of Lirhod s Fomiod 2ha
25 gimplercadte sTiegsaied grapos pcmdqdeﬁdms%smeém yiElaof
e tr Wi t ure
narvB8Ble ol LR pRuB T SRl ode B Gietod nye e
stangadi ixesd their growth nonitored. Cat seedlings,
grow ng vigorously in a greenhouse, were treated with

a mxture of 2,4-D and pyroglutamate (13.5 g/L). The
2,4-D was included in ExampiexTure at 1/4 of the 25

reg Q&f%&r{du%{éﬁ f%trhgﬁgﬂlr@ mﬁ:g%%rfl BG 9PgIitalBRE bPS 4-D-

agent Py
induced stress ina monoco iedonous crop plant pats.

Growing oat plants were treaied with a mixture of pyroglutamate (isomer
ratio 85:15 of L:D) and 2,4-D and their growth monitored. Oat seedlings,
groWEng vigorously in a greenhouse, were treated with a mixture of 2,4-D and
pyroglutamate (13.5 g/L}). The 2,4-D was included in the mixture at 1/4 of the
recommended field strength; a surfactant / wetting agent (Gly Surf P) was also
used. The treatment solution was applied with a backpack R&D sprayer using
2 passes over the plants to assure that éi! planis received treatment solution. 1t
was estimated that this simulated a 1/2 sirength field dose. These plants were
compared with plants treated with the herbicide and surfactant/wetting agent as
well as with controls treated only with the surfactant/wetting agent {controls).

It was found that plants treated with 1/4 field strength 2,4-D and
pyroglutamate were larger than those freated with only 2,4-D. The average
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used. The treatnent solution was applied with a
backpack R&D sprayer using 2 passes over the plants

w0 2000/088ure that all plants received treat menPCI/US2006/043409
solution. It was estimtied that this sinulated a 1/2
strength field dose. These plants were conpared with
plants treated wth the herbicide and
surfactant/wetting agent as 30 well as with controls
treated only with the surfactant/wetting agent
(controls). It was found that plants treated with
1/4 field strength 2,4-D and pyroglutamate were

piant fregfewelghd of tHeosmnttal ehntsiwaist10. 45)91 whils thelavelhge plant

resfYgiqHE Y9 AORY PRRAARILRPLAANG «Sual ot g
and tl}ﬁaamsag@q@ frgsh wefighigif the pWS treatedavifi thet & figid at ed
srollith LEAkA tle By okt Bt it (e 1 ot
pyroghéamater w@irl ¢éhe Bemigide ﬁlearlm@aﬁneﬁ tfnmee@%v@gmmﬁﬁhaﬁtée
herbi@ide. 7}7{'&1 Shsibi hﬁé% oﬁtﬂ% 1haﬁﬂé I%Erﬁf(épufbuﬁé tréatment of plants

ut arrate W t herbi cide clearly | essened the
wnthr%@gyy

qg@itawe&whsfe hﬁ@'m% gl lweumwh%@bf erpRrayed;
and O(fb Hl?fé@t uéé%ftaﬂso:heﬁﬁaoﬁ &F bbfH magmﬁwﬁrﬁer@i‘c.d@ ad S

gl ut amat.e where herbicide m ght_ be
PYFO@H#ﬂ'F‘@Fﬁ ﬁoéﬁatrr yelsGierdprRre o A, 2 By 1arf e Q) use of
a conbi nation of both Zramipsepriate her b| ci de and

LARast AT Badcii B BmPEe B Thald BB A o e
(2. 4denwitrs pyabutainate fsdroemaiiatdsons of LiD)haddeddiderot reduce
e oS e R BT St b Rbyd B o

h e?fbnoaiictayieééﬂens pants] ivditeytledsandsnpining gioryTwere treated

| wnh%aa{aﬂu?g&a%vél 8Lai! &% qge'ﬁn% Q{ i pﬂcéﬁawarrwtn@ e

were treate e nmanu S recommen
ratefwag gegsyiedgt KSraping owrion ool angaixiar pianys (2aeechas

,Ueaﬂ‘ﬁé%’fr@gted%%ﬁﬂer@&fb Eﬂar&' Y rdiskedrVeD Bh@nts (25
each’ treatment) treated wth either 2,4-D alone or a

pyragiuanale Werekifedvwiihdne sameye@eamaif0%er e kil led with
t hﬁltﬁ&[@'n el ;bré@éb(t mﬂt&@c%n Hhd Bé’étgﬂeéd?&eﬁrvﬂ&?fétferenc% to

: n. has gcrlbed W th reference to

speeﬁgeﬁaﬂe bt onped Aeatsen datalis ARRURt i e

limitebrs Lisors elddbpeeofitRg &i\@ﬁdoﬁSexdelpﬂhi aht en thalpabni ﬂnet
he,i nvention as and to the extent

f
thef%%ﬁﬁdgﬂ%@' ﬁhg ’1‘9’?8(’!?&5‘8"1%" ‘acconpanyi ng cl ai ns. |



WD 2007/ 056409 PCT/1JS2006/ 043409 11 WHAT IS
CLAIMED |I'S: 1. A conposition conprising: a mxture of
WO 2007/089a0b D- pyrogl ut anate stereoi somers in a PEriUS2006/043409
to D of from about 80:2Q@ito about 97:3; and, a
carrier nmediumfor application of said L- and D
pyrogi utanmate stereoisoners to a target plant. 2.
The conposition of claim1l wherein said ratio of L to
D stereoisoners is fromabout 80:20 to about 95:5.
3. The conposition of claiml1 wherein said carrier
mediumis an aqueous solution including a surfactant
and a wetting agent. 4. The conposition of claim3
wherein said conposition further includes a
her bi ci de. 5. The conposition of claim4 wherein said
herbicide is 2,4- dichlorophenoxy acetic acid. 6. A
WHABHB 8- AMEDI{Beasi ng t he agronom c performance of a
tagget ARl % treating a target plant
vmthacon'p3|t|on|n ngamxtureofL and D
pyRogkiwe pht-eand é}-w@wﬁemw steregigvmersih 4 raiio ddLab D of
@@?ﬁ ut 97:3 and a carrier nedium
froni%!?&ﬁg:a Ltﬁgﬂcﬁﬂgﬂa&@ i utamat e stereoi soners. 7.
Th@ qmerrdﬁe@mtfcmaw artéusmdslm ahd Bt pyrogiutamete D

steréé;@éx%@kssfa@fa?getﬁiaﬁf om about 80: 20 to about 95:5. 8.
e met hod of "claim6 wherein said carrier nediumis

2. aquébe seamasitionPiidrim bvhgran sadiratie sht Rd a

stermbtbrinaé RORSHh abYut #0eoBtbed: 94:5c1 ai m 6 wherein said
ta get Q%ant is selected from the group of rmnocots

ot s, | BF GEMAEsEon i c b ubemie Spll fRfey. mediumran
aqumd‘lsnﬁutb:in mchidin® awetaeiant and @ Wweteag bgent. s by
DB <28 ol s A b Ehiehie hopon rer
incluretshrodetbicide.ai m 9 wherei n sai d conposition further
' ngl Ude§he ?:on’ff) g&t%'n Stclaim 4 wherein said herbicide is 2,4-
dichlorophenoxy acatic acid. '
6. “A method of increasing the agronomic performance of a target
plant comprising: _
treating a target plant with a composition inciuding a mixture of L- and D-
pyroglutamate stereoisomers in a ratio of L. to D of from about 80:20 to about
97:3 and a carrier mediurn for said L- and D- pyroglutamate stereoisomers.

7. The method of claim 6 wherein said ratio of L to D sterecisomers
is fromn about 80:20 to about 95:5. ,
- 8. The method of claim 6 wherein said carrier medium is an

aqueous solution including a surfactant and a wetiing agent.
9.  The method of claim 6 wherein said target plant is selected from
the group of monocots, dicots, crucifers, solanaceae and legumes.
| 10.  The method of claim & wherein said treating is by application to
foliage of a target plant or by application fo roots of a target plant.

11.  The method of claim 9 wherein said compaosition further includes
a herbicide.



WD 2007/ 056409 PCT/ US2006/ 043409 12 12. The net hod
of claim 11 wherein said herbicide is 2, 4-

WO 20émisbapophenoxy acetic acid. 13. The met hod pafr/wd2086m043409
6 wherein said agronom c zerformance is selected
fromthe group consisting of plant growth, flowering
potential, plant yield and resistance to stress from
a herbicide. 14. The nmethod of claim 10 wherein said
treating is by application to foliage of a target
pl ant 15. The nethod of claim 10 wherein said
treating is by application to roots of a target
plant. 16. A nethod of treating seeds prior to

pl am%.i ?gi'h?@ﬁ‘{cétﬂcﬁ:i GRS gi mér&alsagceﬁ@l@uﬂé %fé,hy W} t E
_a solution of_a cqnposition including a m xture of L-
d‘cgf?(ﬁ"@e“ﬁf/‘?’@ﬁfﬂdﬁ ﬁﬂéte stereoi somers in a ratio of L to

D ofi3f r oThahethodor d8imt 6 witmein s agrondric pBfoRRimadis

solfefl AP gIB B BAL L BB St A LSt P
yietbamb sisistamce ioratraissiitoow errestbickisipri sing  adding a

a1 o e B s PR B 556 BBt e RaBade
foligge of eripigebplanbf sai d seed coating conposition.

18.  The method of claim 10 wherein said treating is by application to
roots of a target plant.

16. A method of freating seeds prior to planting comprising wetting the
seeds directly with a solution of a composition including a mixiure of L- and D-
pyroglutamate stereoisomers in a ratio of L to D of from about 80:20 to about
97:3.

17.  The method of claim 16 wherein said seeds are from the group
consisting of rice or peppers. ‘

18.  In a seed coating composition, the improvement comprising
adding a mixture of .- and D- pyroglutamate sterecisomers in a ratio of L to D
of from about 80;20 to about 97:3 as one componen't of said seed coating
composition. -



