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USE OF PRCLI NES FOR | MPROVI NG GROMH ANDY OR YI ELD
STATEMENT REGARDI NG FEDERAL RI GATS Thi s i nvention was

woroE/s640h gover nnent support under Contract NPCT/US2006/043409

W 7405- ENG- 36 awarded by the U. S. Departnent of

Energy. The governnment has certain rights in the

i nvention. FIELD OF THE | NVENTI ON The present
invention relates generally to sel ected
proline-containing conpositions and the use of such
proline-containing conpositions for inproving plant
grow h, for inproving seed germ nation, for protecting

pl antgsagst PROISRESCEGR RIPFRSTINGREROVPAS ANSIIRIIELD
| i ke. BACKGROUND OF THE | NVENTI ON Many agri cul tural

activities sensitive, with costs and

returns bei %E%T%JgﬁﬁérﬁEﬁﬁ@p’ﬁ'qgéPE%'ﬁ%—f Sof crops

or upURishevargiohiwasd mkae Wh@verﬁrrh@rﬁtfgl.@bertfdn@m dobtradtNo.
eco tant go or

HbENR 3R SiaRRdbi e LS B airm it Brargt Thobgverment

hes kedsinvighet mbthe dnvemeion es, and bananas, as well as

for the greenhouse [ . The

i nportance of i nprol'ﬁggD:y%W%%?Wt echnol-ogi es

has nApeaipfesent iy eoticreralates gesetwdly éo saldctzalt mdlindrabntaining

Xf}ﬁlltpgéitigﬂé afl8the ¥\§é Ef ch%ed]{ﬁm%jcgﬁtgﬁf‘ngr%rg%&q{]aﬁstdf&' Pmprovmg

eau I n recen ears
Ql%wgrpmasfonéewoard@rs;e@si@ﬁrmmamnefoo @sotgcfuw elantsf agaiait

gggg{e@tsq;@és%ﬁgﬁgh§gﬁd tﬁ@lnl@ remai n i nconpletely

under st god Eartl cul ar | et e under st andi ng

has not been at W@WQ@@ ngﬁNVEéﬂU@h‘t ory

mec haMa‘E\%ghB@Iftu rﬁp&ftmﬂé@ta@e eRjRPfmaRAnsitite, cWl@r\"costs and
net abol i sm nmust have a mmj or_inpact on g ant
efng first to

Frapket. Wh@r@\‘or@l’@MdTplaﬁt Q:Qii/vtlﬁ) Pa ef;@fdrﬁlbﬁnﬁrn@pdrrm@@béﬂfbr
ggantyra?gﬁ%ﬁ{g ‘E E)t%l]lr:lr%slses gtsg}rg% hlé‘%:-l\/glule% ogsagtgc rg,s sgg?etables,
berries, and bananas, as well as for the greenhouse and nursery industry. The
importance of improved crop production technologies has magnified as
observations have indicated that yields for many well-developed crops have
tended to plateau in recent years. The goal of rapid plant growth has been
addressed in numerous studies of plant regulatory 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 plant growth and
development.

Similarly 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 simultaneously
germination, yield, and the ratio of total seed germination.

U.S. Patent No. 5,922,649 by Pehu et al. illustrates application of a
composition, specifically a glycine betaine composition, to improve the yield of
plants.
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until seed germ nation, uniformty of germ nation,
i.e., nearly sinultaneously germnation, yield, and

woheowat400 of total seed germ nation. U S. Pat egt/uSe006/043409

5,922,649 by Pehu et al. ilbtustrates application of a

conposition, specifically a glycine betaine

conposition, to inprove the yield of plants. U S

Patent No. 6,831 ,040 by Unkefer et al. illustrates

application of prolines such as

2- hydr oxy- 5- oxoprol i ne, 5-oxoproline (2-pyrrolidone-5-

carboxyiic acid) and m xtures thereof to plants can
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HELg I&'a@rqa toaMBEL 1 P Sy Cﬁ a‘w%e()({iuality traits and
rog amat e have genera y required regurar,

Cfti‘/'@@a@mf it3.r Ergeiing PNt Withi2nexdghutaranatesir pytbdleealate oén

;5rB9|d%CIﬂP§B‘BQnefT§‘eTBH%Fee'Pﬁethgé’seQn cPatrFﬁQ%Eﬁ‘ﬂ @%%eeeémﬁs of

|nvest|gat|on of ositions ud I Ng
Reaiiamae h@yfe@gnata&me@wrw ket |asufseguent reabments e maintain

tﬁfafde@ﬁléd 1&¥elsSeche €OFRR&NLYI ONS i N promoting seed
germ.ation, @I ant growh and yield. The inventors

have W&Sﬁ'? PYRTHRE RIS B SHENSEEHPYRTIgagRR of gpmpositions

lpclom@ Lngn@ DGbopkanbf Wr@g@ﬁrﬁté ity U&dichs er%/fBR?' tlé&effickcy of
0

d h t
B POR s B st arIIP, P B Byt i The
lheer&ora havedopne peaferredivenpiiroal ¢ompasiiten safo e propastirg uth
m? %rgmgaﬁdgfﬁure of L- and D pyroglutamate

Ol soner N aratio of L to D of from about 80: 20
to about 97:3; and, SAMMARY €F iTeid INWENTICADP! i cation

of SQh%CFOFd%Hgﬁ_Q}thQMé ggnr#:tsgg%tf ﬁ} & r% t'xﬁ\(/) r %utag e?nbodled

t ar get PRventon al so es a
gt re@d dQSﬁﬁb@dabeWgﬂ tthe pegsewt mvention mcludes 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; and, a carrier medium for application of
said L- and D- pyroglutamate stereoisomers to a target plant.

The present invention also includes a method of increasing the growth or
yield of a target plant by treating a target plant with 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 and a carrier medium for said L- and D-
pyroglutamate stereoisomers.

The present invention also includes a method of treating seeds prior to
planting comprising wetting 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.

The present invention also includes the improvement to a seed coating

composition of adding a mixture of L- and D- pyroglutamate stereocisomers in a
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yield of a target plant by treating a target plant
W th a conposition including a m xture of L- and D

woyowgisedoamat e st ereoi soners in a ratio of L tecDusko06/043409

from about 80:20 to about 9%:3 and a carrier nedium
for said L- and Dpyrogl utamate stereoi soners. The
present invention also includes a nethod of treating
seeds prior to planting conprising wetting the seeds
directly with a solution of a conposition including a
m xture of L- and D pyroglutamate stereoi soners in a
ratio of L to D of fromabout 80:20 to about 97:3. The

ratie ®€ N tto IDNefeffdrh @hoal S@20 i bSO asiompldavgithht b0tha seed
se(tad coating conposition of adding a m xture of L- and

B2 'B?F8H]pl9ts "t e stereoisoners in aratio of L to D of
from about 80: 20 t OELNNLEDPBESCRIPTI@NCconmponent of the

seed ' iti.,on.. DETA| L CRI PTI ON

oyt od P a S AR In O rophd dhe D api b SEapizopters. Each of

theee sonmsuain activEat lyeobrating siee desinet sendditant plaetsatThe -
> . £ : | .

SRR RS LSS LDl ALY Bl syt

raeess: ihak af leraeshemisty rptio otapprokinsatalyGlet®otthert isomer to

tha'o RoRferapproxi mately 60:40 of the L isomer to the D

i somer. The present invention is concerned with

conpoia REASM IRkelign©y ceneaitedwitewaresiions including L and D

IBHBEH SR ARS8t B LU Rlib9an@Rk Efeasf i srRey of
such conpositions in pronoting seed germnation, plant
GRASioFdn pramatingsred edrypalitie plapt greveb sl vield, and

resisfapicead soessg. | Preferfa ®0SHtinh £ e nfsitidhe T frB ghoBiHE RBuch
een

AT B ehsy DRES SR RSB sy rventor
is oopeshed onith dancpasttiong inglxding @sixked of laghd D-pyroglutamate
SRR B8 T B P B Rt F o 8o Rube:2g 0 gbout
B3 h Sgcheoripostings arealsbsiselis af sbed gesaipdtige madhahs and
RBH BRI AGRY &%d%gt W%ﬂh%ﬁciﬁ 8864 ?%ﬁla{igﬁ. The present
enhanci R seed germ nation. e %reseﬁ

invention is further concemed with efficacy or effectiveness of pyroglutamate
compositions having selected ratio of L to D stereoisomers for application in a
carrier to targeted plants for promoting plant growth and yield.

The composition of the present invention has properties conducive for
increasing plant productivity. For example, by careful control of the L:D
stereoisomer ratio at from about 80:20 to about 97:3, an unexpected greater
stimulation of plant growth occurs than is possible using either stereocisomer
alone. The compositions can also 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 mixture of L~ and D-pyroglutamate stereocisomers 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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invention is further concerned with efficacy or
ef fecti veness of pyroglutamate conpositions having

weebeaisegorati o of L to D stereoi soners for appCramkeoons3409

in acarrier to targeted plants for pronoting pl ant
growm h and yield. The conposition of the present

i nvention has properties conducive for increasing

pl ant productivity. For exanple, by careful control of
the L:D stereoisoner ratio at from about 80:20 to

about 97:3, an unexpected greater stimulation of plant
grow h occurs than is possible using either

ag ldiovg] Wdhe artaFenexample, thenguspasitions roay balis wabar, including

cﬁétfll‘é@tén\ﬂetaﬁtvvd%rohﬁg ﬁ‘érﬂﬁ’zé?ls@mnﬁn éﬂmasﬁérsﬁver?ow@% FHhe

hose recel ved y he | nt ent I Na
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ét‘éﬁ@%%ldt) Iaﬁﬁ&h&ﬁ&b sh 2R ER thS ot WEHTTHRY h%ﬂkﬁﬂ' tHénVQF.ous

in a seed coat conposition to provi de enhanced

f@@ﬁﬁ?fr%ﬂq erbisidessrlgions habmay demrsapirred. Heweves, fieesent
pyRv@itainftite cbhfbo@ﬁﬂﬂ@%‘f fH%%sémhMtﬁﬁ c.%n"ﬂwifétl&irﬁp@fbé-

an t amat e stereoi soners Wt

cﬂ&'%%$é/gﬁgf¥a ati o of from about 80: 20 to about 97: 3

may be another eatbodirhénofaies pre%énﬂmdemms tH@@dVﬁpbﬁtuérﬁ@

art .. For _exa co |t|

B R ah) B R B Stef Bl heers il T Ero O

st@reotsoorer ratio ohframbetolat 80260 ts @bum on3 rffdf;gbﬁebmome@ento a
[ u suc - )

5 oA BHELEHOh A SIS BeBng PORaSTRE: Piellknogdn the

afkTihpeg skifed m;tr@rart mﬂamnim wWitinthleivarious shed heat@mmsitions

tﬁgmqéi,bé%r geder bi ci de sol utions that may be
empl oyed ver, the pyroglutamate conpositions of

t heTf]@r@s'@@llvtam@t@mnmosﬁmsmme giesphtinbentmondsimschpiyi ey
é&@%@ras drie ﬁiﬁﬁ&%’nt%@’@@r@&éﬁ%al@eeﬁ%aﬂﬁ§§ eghcf‘l géfﬁ\;gn'tﬁﬂal

he conpositions including a mxture
3199891‘1085%‘% arPediterspely @sris eRa cipw@ncthean be pgecbto protect the

s%b@rfﬁﬁrh sBfRior dbrry ©k sftér%Hé %R@Lﬁlarﬁplg?&aéé% %Wﬁnf%%éﬁ)le

be conbined into a seed coatin nmposi t1on
HbATREER A G EoRSERen RiRRINGe 4 DI PoathBoRY InSecthduegus
akdi the @le tH‘rotx@IetlfH tseabraddiidsi siich WstfingiBRieY @hbodSectieRds, or
t8 %%m&%@o‘%entnal germlnatlon at a more desirable time as may relate to
temperature, moisture and the like. Seed coatings are also used t provide
compounds that improve overallplant or seed performance. For example, a
polymeric coating may be designed to degrade at pre-selected temperatures or
moisture levels whereby seeds can be planted earlier than the optimal
germination time and the seed coating will delay the germination until
environmental conditions are suitable.

The composition may also include a carrier. By the term “carrier” is meant
an organic or inorganic natural or synthetic material with which the active
material, i.e., the mixture of L- and D-pyroglutamate stereocisomers, can be
associated to facilitate its application to a plant, to seeds, or to soil proximate to
seeds and/or plants. The carrier can also facilitate transportation or handling of

seeds and/or plants. The support can be a solid (e.g., clays, natural or synthetic
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that may be enpl oyed. The pyrogl utamate conpositions

of the present invention can sinply be added as one
woanpamsend of conventional seed coatings. SuchPCT/US2006/043409

conventional seed coatings &re often polyneric or a

clay and can be used to protect the seed from abrasion

during the storage and planting stages, from

unfavorabl e environnmental conditions after planting,

to protect the seed frominsects, fungus and the |ike

t hrough the use of additives such as fungicides and

i nsecticides, or to pronote potential germnation at a
siticatesg e lrrsadiﬂcbwtaxme) adlurbe.g.chate, él@olﬁ@gpﬁf@rﬁéﬁ %e(tjro{eum

s are al so use

#E&BA%é%g%ﬂg%ﬁﬂ$CL?ﬁ%PO?%ﬁpgﬁguﬁ ﬁF?ﬁiant or seed

perfiher priogiatankde corgusitions af el yresenitineadionngayraisobeciude

' . at_pr eratures or

FERIRTE DRLRAANRIR A 898 B B BIAR R e
COMmPNents iniot plasts. §eci’nr'snm¢tarmtstlm¢‘redaadlohlme csimdc,aoatibnig

AWl Awifish e éln?a(ggﬁt"hﬁﬁ)tnkcpﬁlhe ?:éoAtS W%Jeoé]%mleithoxylates

conditions are suit osiItl on
fathegid ethoxyiates. eegelple sred eit ﬁihbmateusesdrbltsn fathnacidaster

e‘ﬂiicg@ﬂsltés &r otﬁﬁ?rwy%té@tsm@bleoéur%%@rﬂﬂ:ﬁﬁ il ddtiu

which the active nater m xture o

decegxl gulfRtsyAngdha campoynd: esdwi(Bberyene)d S eCH2)sOH also

kaswacasaﬂ@d)xyﬁofﬁgm éﬁmlalgé“”l ts application to a plant,
eeds 85% proxi mte to seeds and/ or Iants

The 8a‘%y|f?%va e&P%’OF%S'eP? HePrepamidption aay also include

ohamdlmmgwﬁttlmgaeglentare;d/cb@s@lma antihBeSikpport can be a
nt hetjcsilicate

I t
; edrt ol mal ritaicre d ing BRaTbRVoayer ey e
aklgantagsoughe & pllieein dlaras iy emy, onehdfer mmmbendoﬂmda@s:&robons
t ItIO S
<R9Mpld, W 1 3 89250, LIENEU ALATR! GiSTROSIN Bl b
S@(ﬁwrw:@ramesfome:hf theyplays; l@;t applyinpdo p‘msxpnr atoluod thod plants

aﬁ@tthé! ﬁké: BIBRRAN Sthb %gﬂﬁsﬂﬁhg ma?}J&Q agggl ef(?a@am&f}%ag Sh the

i ncl anioni c,’ cat non-1°oni ¢
ﬂ§ﬁ€?é€ﬂ&hﬂanﬁnlonlc surfactants include al kyl aryl

et heeythathBds ah@bldohethfha8d B%Fbéﬁl&% of’t?@?r@@érﬁ in&hton

oi |, ethoxyl ates, sorbitan aci d
may be useg( %lth recreational or decoratlve plants or with recreational or

decorative crops but is particularly useful for treating commercial crops.
Examples of plants and crops that may be treated in the present invention
include: monocotyledons (monocots), such as sorghum, rice, wheat, corn,
barley, oats, and turf, i.e., grasses; dicotyledons (dicots), 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, kale,
collard, 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 compositions and process of the
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et hoxyl ates, or other al koxyl ates. Suitable
surfactants can include sodi um docecyl sulfate and the

woaopmseydy COHi 9- (phenyl ene) - (OCH 2 Ch OH al soPKm@sm0am43409

Nonoxyno! -9(tn) or NP-9(tmeé The pyrogi utanmate
conpositions of the present invention may al so include
one or nore wetting agents such as glycerol and the

i ke. The pyrogl utamant e conpositions of the present

i nvention may be advantageously applied to plants by
any one of a nunber of neans. For exanple, the

- conpositions nmay be applied directly to the roots of

plesepi iaméIStlorh;arStp)—:E agrdnftgmean;t advdntddeans ol thBéngrbasd B, the

PRI Bl G, B8l BT SiobltB=Rhg o x28R1e HF agppuntof
smm«a mgasdmehhtenﬁtmmram of inttease Matiht s suifeinde applilvatisn ahthe
BULABEUYATRRE: GAMRAN bl BhScRlahif BEsfRdBvent | on

recrea cora Ive p| ants or
with Fee p@aslenbmaenmn igaooneatdriieulamogesdribediis the following

Liedl @l C
BEABREELIEH 8 efuhadh SR R REIRG Phafightoctoatons
ane varatiomstwill heappamntita thasdeskilledio st gttedons
(rmonocots), such as sorghug}a$ & -wheat, corn,
barl ey, oats, and turf, i.e., Qrasses; d| cotyl edons
( dﬂ%@v@ya' batehesef qaé§@§dlsna§ wergi treated age timel idh g series of

gmbﬁﬁamgtéeiédsmes m.@n@smqmﬁ Tapld@s LbQ@ééJ\%F&ccﬂfr@é@ﬁa
cruci fers (such as broccoli,

afPlF’Pb%é’rWth Bff‘tﬁg%retlﬂeéﬁ’%a?gayﬁal e, collard, radishes

and cabbage), sol anaceae (pmhaﬁaoes torrat oes, and

Nnannar<c 1 nel ndi ne Bbhers and tha

WPP 1T J T ||\J| uul ||3 31 T J P\/PP\/ ~J “LATTUI LELA2
li ke): and, |egumes sud %ﬁ?ﬁﬂﬂ%ﬁ@ﬁﬁb bush beans and

the $enes NJrlneepyr odl ut armtcef Laesmpesi ti ofis anth oD eesser
of + he—present—i rvent Lon—consi-derably- Laproves +he—
gr owt h aﬁ yi el d of| plants, por exanpl € the ano and
quanitthgbthe yielganh? Pyﬁnglutanatz ﬁgnposimbons
economi c4Ply advantlageous and t he incrpase in t RS
yi el d camabe economically pr&ﬁltable apd signi f poant.
+or—exanple—the—armgunt—ot ™ )

#HO o5 5

#7 06 4

#8 97 3

#9 98 2

#10 99 1

#11 99.6 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; 80/10; and,
95/5. Each of these ratios outperformed the standard commercially available
material having a L/D ratio of 60/40 (series #2).
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oat yield has been denonstrated to increase with a
sui tabl e application of the described m xtures of L-
wand7Ds5640yr ogl ut amat e st ereoi somers. The preseRCT/US2006/043409
invention is nore particularly described in the
foll owi ng exanples, which are intended as illustrative
only, since nunerous nodifications and variations wll
be apparent to those skilled in the art. Exanple 1
I ndi vi dual batches of oat seedlings were treated one
time with the series of pyroglutamate isoner m xtures
shown in Table 1. Leaves were counted to track plant
growth rate for the next ZBGmmysz Tabl e 1 The best

\ele?@ts tgﬁtg& %eav%‘eb@‘&g e'ﬁg S SI foﬁéh ! eﬁ'%&? T tillers

witht flags lealves EMergedrat dayges aest-tﬁéﬂt&@,nt afois patdrheteEaeihteafto

e it dra AbE Pln @A RAAS iEf AR FORTPAENR Iehvgs
afgaedanfieesame ﬁéﬂ@%@fslsfbm@m”fmgrﬁsl e 1 were also

nmonitored for their nurrberTa%ﬁeél [lers wwth flag | eaves
energed _at day 28 post-treatpment. | S paraneter

Sasiest ed tlo |pdt enBi &l 4 br5gf b n| Vi el B [T&bl]e1® [cbhiaiss 13
dudgberequl t ant ti Ilé=rs pthiflag | eaves at (28 days |(f or
he sanme seérijie isoer hmxturesl Table [2 THe best

Tlereor et e s T7omr§f )i3th| Bilel P8t) 83 oB3 L/ 2R s%ﬁrﬁar% 19
wigomadgQ/ 20 (to 97/ 31 Each of these ratijos glearly

Iout er fjor mi*d the standard comercifl |yl avdil agl e
FAYSr i 41 havi ng a L/D ratip of| 60/40 (|seriles #2).

Exarrple 3 Cat seedlings were treated wth the serles
mxt res _sho n. Tabl e

L A0 B A Ree S oL P RS e e e g e to

97é3ct Eadh dafrese 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 track plant growth rate for
the next 24 days.

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

#1 77.5 22,5
#2 80 20
#3 85 15
#4 90 10
#5 92.5 7.5

#6 (blank) 0 0

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.




10

20

25

30

Tabl e 2 The best plant growh rate, based on days
since treatnent versus total |eaves as a percentage of

woayo7bsémaves, was found with the ratios of L/ BPCTASR®6/043409

of 80/20, 90/10 and 92.5/7.%. An exam nation of the
results of exanples 1 through 3 denonstrates that

i nproved pl ant performance was achi eved using ratios
of L/D isoners of pyroglutanate between about 80/20
and 97/ 3. Exanple 4 Three year old tomato seeds (Heinz
# 9665) were treated with aerated water (control) and
Wi th various solutions of the pyroglutamate

c OAp @satbiratiofi of dinee regudts io eRarmplesoff thto@)h 3 Gbmoserd®s that

. 0 for, four hours res ect ve
Bl R Rl ReRPe ke <SP o 2R Bentef D 3B P
de@mt@wt\mm&@m@@/%@d a78he dark). An | ni t| al
pyrogl utamat e conposition g GJ,? he 85: 15 i soner
r

rati o) was re ared at a conc ation of 13.7 grans
pe?fh'reieneaar ’@ﬂpﬂo SsEete{hirinn #4665) Wer®traatbdoyis) adtater

Shirb %nb%ﬁ@v@rf&u@%o‘hﬁloﬂ§ of HENAA6 glu%é'lre' %%cjsﬂlon

ad ition to the control, seeds were eat ed

(fsomesviptiny 8951 ﬁeﬂf Lel3hdbstsesds svese @palpgﬁr Gapbihegirardour hours in
the 'ﬂ@é?b%ch{/é’ﬁqu@taﬂa‘iﬁér‘i’ spiladtdRBnid éerrrﬁnz?{%nsﬁé}fé‘#% gtandard

lution (L1); 00 standard solution (1171)
piyyi fﬁ)’séf“fa%g"ﬁt%ld@f“i)on (I1V). At day 2, a pronounced
st Aﬁhﬂuﬁéll@m@ﬁtagﬁtmcﬂﬁboémoM@ﬁxtﬁlﬂ‘iefBHGQ l$dh|1<?rler%@§ was
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(IV) in comparison to zero germination for the control and for the standard
solution (1) and the 1/10 standard solution (I1).

Examination of the various seeds treated by the contro! solution, the
standard solution (1) or the 1/10 standard solution (ll), revealed that zero
percent of the seeds demonstrated any sweliing of embryo or emergence of
shoot radicles. In comparison, seeds treated with either the 1/100 standard
solution (111) 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 (l), zero percent germination; for the 1/10 standard solution (l1), 64
percent germination; for the 1/100 standard solution (i), 86 percent
germination; and for the 1/1000 standard solution (IV), 88 percent germination.
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Example 7'

A test was conducted to measure mitigation by pyroglutamate of 2,4-D-
induced stress in a monocotyledonous crop plant, oats.

Growing oat plants were treated with a mixture of pyroglutamate (isomer
ratio 85:15 of L:D) and 2,4-D and their growth monitored. Oat seedlings,
groWing vigorously in a greenhouse, were treated with a mixture of 2,4-D and
pyrogiutamate (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 éll plants received treatment solution. It
was estimated that this simulated a 1/2 strength 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 treated with only 2,4-D. The average
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treatnment) treated with either 2,4-D alone or a
m xture of 2,4-D and pyroglutamate were killed wth
woheoraammoef f i cacy, 100% Al t hough the present PCT/US2006/043409
i nvention has been described with reference to
specific details, it is not intended that such details
shoul d be regarded as Iimtations upon the scope of
the invention, except as and to the extent that they
are included in the acconpanying clainms. WHAT | S
CLAIMED I'S: 1. A conposition conprising: a mxture of
L- and D pyroglutamte stereoisoners in a ratio of L
to D of fromabout 80:20 to about 97:3; and, a carrier
medi um for application of said L- and D pyrogl utamate
stereoi sonmers to a target plant. 2. The conposition of
claim1 wherein said ratio of L to D stereoi soners is
WiHAYR SbeLAINBDA8: t 0 about 95:5. 3. The conposition of

clainml meé&hgogi%,ch,%ﬁé,ﬁ? amadi umis an aqueous

sol ution includ |n% a surfactant and a wetting agent.
4. THReMBSHSSTiL oA [fpysegiiiamstastarapisomersincratiosifili torD of

ffdmtab@utssmgbtﬂ&%oat@ﬁabér?d de. 5. The conposition of
claim4 wherein said herbicide is 2,4- dichl orophenoxy
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4, The composition of claim 3 wherein said composition further
includes a herbicide. ‘

5. The composition of claim 4 wherein said herbicide is 2,4-
dichlorophenoxy acetic acid.

6. A method of increasing the agronomic performance of a target
plant comprising:

treating a target plant with a composition including a mixture of L- and D-
pyroglutamate stereocisomers 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- pyroglutaméte stereocisomers.

7. The method of claim 6 wherein said ratio of L to D sterecisomers
is from 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 wetting 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 6 wherein said treating is by application to
foliage of a target plant or by application to roots of a target plant.

11. The method of claim 9 wherein said composition further includes

a herbicide.



8. The method of claim®6 wherein said carrier nmedium
is an aqueous solution including a surfactant and a
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di cots, crucifers, solanaceae and | egunes. 10. The
met hod of claim6 wherein said treating is by
application to foliage of a target plant or by
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of claim9 wherein said conposition further includes a
her bi ci de. 12. The nethod of claim 11l wherein said
herbicide is 2,4- dichlorophenoxy acetic acid. 13. The
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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 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.



