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COMPOSITION AND METHOD FOR IMPROVING
THE DROUGHT TOLERANCE OF PLANTS
PRIORITY CLAIM
[0001]  This application claims pricvity 1o U.S. Provisional Pat. App. Ser. No,
62/732.212, filed Saptember 17, 2018, which is hereby incorporated by referance in
its entirety.

BACKGROUND OF INVENTION

00021 Field of lnvention

[0003]  The present invention relalss 1o a compasition and method for improving
tha drought tolerance of plants, which can be potted plants, bediding plants,
vegelable transplants, and other harficuliure, food, and agrisultural crops.

{0004]  Desuription of Related Art

{iﬁsﬁﬁs}i Potted plants, bedding plants, vegetable transplants, and other
norticuliure, food, and agriculiural crops sometimes exhibit diminished quality (8.,
Hower shrinkage andior wiling) due fo water stress.  This can ocour, for example.
during ransport, afler ransport and/or during display for sale at retail or after
rangplant. For axample, walsring potted plants at the retail store lovel can be
problematic for refallers, particulary during busy holiday seasons such as Mother's
Day, Valerting's Day, Thanksgiving and Christmag.  During such times, itis difficult
tor retatlers W allvcals sufficient time and labor for walering plants. Wilting due to
dahydration is one the biggest drivers for customer dissatisfaction, and i can result
in enonmous losses at tha retall lavel. Ancther exarmple involves young plants
propagatsd from seed or cultings Incurring shock and strass when transplanted into.
a growing container, landscape or fleld. Any delay in watering through irrigation or
rainy can make the young plants wilt, and can jeopardize their sunvival,

BRIEF SUMMARY OF THE INVENTION
[ODOB]  in view of the foreguing, the present invention is dirented toward a

5

compositian and methad for imoroving the drought tolerance of plants. The
including, but not imited o, potted plants, bedding plants, vegetable fransplants, and
other horticulturs, food, and agricutural crops under moisture stress. The
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soropoesition is applisd as & fiquid formulation, which can ba used w treat plants
before thay leave & growar's production site andfor at the retailer favel to extend the
shelf fife of the plants. The composition can also be applied to plants before andior
after transplant to improve the survival and performance of the trangplants. The
composition maintaing the quality of the plants by Improving water retantion and
hydration through the supply chaln and by extending the shelf life of the plants.
{0071 The composition comprises an antinxidant arsd an osmolyts, which are.
dissolved in water. The antioxidant and osmolyte are preferably prasent at about a
50:50 ratic. But they can be present at ratios from 10:80 to 90:10. They ars sach
;‘:sfefara.‘tﬁy g:s‘reseaé‘:_t ata ii:{mize:f;i:.rafzién of é@@m 5 grams pay Hter, which é?i«:zws ’i:%*ze
mm_;:sa-s'ﬁig}n; to be usad to salurats the root zone of the plarts in growing media,
{20081 Inone smbodiment, the composition is prepared from & liquid concentrate.
Ths ditution ratio of concentrate to water is preferably 1:50. But other ratios (&g, up
to about 111010} can be vssd, subjsct i the solubllity of the components. Whaen the
composition is-prapared from a liquid concentrale, the composition optionally, but
preferably, further comprises, one or more (or all) of a wetling agent, an emulsifier, a
prasarvative and g colorant. The antioxidant and osmolyte can also be provided as
a éry concentrate {8.g., asa pill, encapsulate, looss powdar or g powder contained
in 2 sachet}, which can be dissolved in water {o the appropriate congantration for
Hss.

{00081 Ina preferred method of the invention, the compesition is applied via sub-
frigation, drench or drip. But § may also be applied by other means (8.9,
swerhead).

[0010]  The compasition provides several benefils ovar known compositions. For
gxample, it maximizas water saturation ability {container capacity}, providss better
water retention and better rewstting ability. 1t also improves water usage sfficiency
and reduces watering frequency requirements. These effects last at least two
watering cycles, thersby providing product efficasy. Thase benefits result In labor
savings and increase sales revenues at retall,

{00111  The foregoing and othar fegtures of the invention are herginafter more fully
described and particularly pointed out in the claims, the foliowing description setling
forth in detall certain Hlustrative embodimants of the invention, thess belng indicative,
howsvar, of but s few of the various ways in which the principles of the prasent’
invention may be smploved,
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BRIEF DESCRIPTION OF THE DRAWINGS

ootz
Fig.
Fig

With reference to the accampanying drawing figures, please note thatt

1 i 3 photogragh showing control poinsettias afier 14 days of initiation of

a3}
*Zi

drought sirsss study;

3

ig. £ is & photograph showing poinsetiiag treated with & compost ition

gccording to the invantion after 14 days of initiation of & drought stress
studys

TR

.3 is a photograph showing control indoor potted roses after 8 days of

initation of & drought stress study;

Fig. 4 is & photograph showing indoor potied roses treated with a composition

aecording 1o the invention after 8 days of infdation of a drought stress
shudy;

Sig. 5 is & photograph showing contral Spathyphylium after 10 days of

Fig.

Fig.

Fig.

Fig.

Fig.

inttiation of g drought stress study;

8 is a photograph showing Spathyehyfium treated with a compasition
according to the invantion after 10 days of initiation of a drought strass
study;

7 is a photograph showing contral cilantro after 4 days of initiation of 2
drought stress study;

8 iz & photograph showing oilantro reated with 8 compasiion according
to the invention after 4 days of inftiation of a drought siress study;

9 is a photograph showing cortrol citantro after § days of init ation of &

drought strass study;
10 is & photograph showing cllantro treated with a composition actording
i the invention after 5 davs of initiation of a drought slress study;

.11 is & photograph showing control spearmint after 4 days of inttiation of

‘& drought strass study:

g. 12 i3 a photograph showing spearmint treated with 8 compositian

ascording to the invention aftar 4 days of infiation of & drought stress
study;

g. 13 is a photogragh showing control basi affer 9 days of initiation of g

drought stress study;
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Fig.

Fig.

Fg.

Fig.

Fig

14 is & photograph showing basi treated with 8 compasition gecording to
the invention after & dovs of initiation of s drought strass study;

iGisa photograph showing control basi after 10 days of initiation of &

drought siress study;
16 is & photograph showing basil treated with a compesition according to
the invention after 10 days of initation of a drought stress study;

. 17 is a photograph showing sontral “Clvistmas Spint” poinsettia rooted

cuttings 4 days of inifation of & drought stress study;

i, 18 i & photograph showing “Christmas Spirt" poinsetiia rooted cuttings

treated with & composition according to the Invantion 4 days of inftiation
of a drought siress study.

1§ is a photograph showing controt "Christrmas Spirlt” poinsettia rosted
cuttings & days of initiation of a drought stress study;

20 15 a photograph showing "Christmag Spidl” poinsetiia rooted cutlings
treated with & composition according to the invantion 8 days of initiation
of a drought stress study,

i

Fig. 21 is a photograph showing control "Christmas Splrit” poinsattia roatad

Fig.

F ;g

-

Fig.

Fig.

puttings & days of iniiation of & drought siress study;

. 22 is a photograph showing "Chrigimas Spilt” prinsettis rooted-cullings

treated with & composition according to the invantion & days of initiation
of & drought stress study;

g. 23 is & photograph showing control "Maren” poinsetiia rooted cutlings 4

days of inftiation of a drought stress study;

24 is a photograph showing "Maren” poinsettia rooted cutlings traated
with a composition according fo the invention 4 days of inliation of &
drought stress study;

25 is a photograph showing control "Maren” puinsetiia rogted culings &
days of inttiation of & drought stress siudy;

28 is a phologrsph showirg "Maren” poinsatiia ooted cullings treated

with & compaosition according to the invention & days of inttiation of a
draughd stress study;

27 is a photograph showing control "Maren” puinsetiia rooted cutlings 8
days of initlation of & drought stress stugy,
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Fig. 28 ts & photograph showing "Maren” poinsatiia rooted cutlings treated
with 2 composition atoosding & the invention 8 days of inttiation of 8

oh showing the control "Chirigtmas Bpint” paingettia
tings showe in Fig. 211 day siter re-watering following &

stec with g w:smtms;t ion ac mdm«:z o the Invertion showrt in
2% “iﬁ\,e ate re~walering following a drought stress study,
notngraph \hf}‘u‘*fm{} the cofztrai "Mararz“ ;mmsemez rooted cui:tmqs

\(\ ..... o
:;Msﬁxe song

Fig. 32 is & photograph showing the "Maren” poinssttia rooted cullings treated
with 2 composition according to the invention shown in Fig, 88 1 day
s re-waltering following a drought stress study.

DETALED DESCRIFTION OF THE INVENTION
{00131 Acomposition ancording to the invention comprises an antioxidant and an

osmalyte dissolved inwater, The ardioxidant and osmol y‘ie are prafer abiy ;}reaen‘;

weight} oo about 1080 to about 81010 relative 1o each othar, or rom about 2575
i about THOS ralative fo sanh other.  Mare preferably, they are present at waight
ratios of fram ahout 40:80 to about 80:40 relative to each other,

o014
nonsisting of ermrbc acid, ascorbic acld and/or thelr isormers (8.9, L-azcorbic

sidant is preferably one or mora selected from the group

a3

acid, Deasomhic aoid, Larvthorbic asid and D-srythorhic acid) and salls {a.g

caloium sacorbaby, sudium ascorbate, polassium ascorbate, magnesium ‘agcorbat&,,
calnium srythorbate, sodium erythorbate and potassium srythorbats),
dehydroaseorbie anld snd glutathions. The antioxidant is preferably present in the
sampasition at & concentration of about & grams per liter,
{00151 The osmuolvis is praferably selscted from the group consisting of betaine
(N, N, N-trimsthylalyoing), proling, and glycing, all of which are powders. Betaing is
the presently most preferrad asmolyte for uge in the inverdion. The osmolyia is also
preferably present in the compasition at a concentration of about & grams per jiter.

5



WO 2020/060939 PCT/US2019/051338
[0018] In one ervbodiment, the composition is prepared from a fiquid concenirate:
The difution ratin of concentrale o water is preferably 1:50. But othay ratins {e.vg\, U
o about 1:100) can be used, I desired. Wharn the composition is prepared froma
Houid concentrade, the compositon eplionally, but preferably, further compriges, one
or move (o alibof 8 walting agent, an emmﬁsfief a preservative and a golorant.
[O017] Ervthorbic acid and betaine ars both powders. Thus, i is possible to
praparg a gry concenirate {8.g., &% 8 pill, encapsulate, logss powdsr or & powdar

ined in & sachel, which can be dissolvad in watsr 1o the apgroptiate:

o

G‘F*Ct?”“»?“% for use. Bubin view of time ard ease of use, fiquid concentrates are
sently preferred,

§i§§§ 81 Wherthe composiion is preparad from a nongentrate {liquid or dry},
detorized walsr is preferably used, Tap water can also be used provided it duesg not
contaln levads of citlorine andior other pompounds that can deactivate the antioxidant
and gsmyig,

{00181 When the composition is prepared from a liguid goncentrate, itls
proferabis for the concenirate to further compriss one or more {or allj of & Weﬁi‘ng
agant, an emulsiier, a preservative and a colorant. The wetting agent can help the
compasition saturate growing media. The emulsifier can help keap the wetling agent
dispersed in the corcentrate, The preservative can protect against spoilage during
siorage. And the colorant can maintain the color of the composition ovar time,
00261 & varisly of sultable growing media welting agents are known in the art. In

o

a preterrad

smbodiment, the watling agent is a non-ionic surfactant such as a
priyosypropysns-polyvasysthylene block copolymer. A commercially avaiiable
watling agert & soid by Srithers-Oasis Company undsy the SOAX® trademark,
Tha welting agent improves disparsion of the composition in growing media, and
alse improves uptake of the composition by plants.

0021l The ermulsifier is used pradaminantly to prevent separation of the welting

agent pver tme. g preferred embodiment the amulsiiier is polyoxyethylene
sorbitan monooleats (&g, TWEEN® 20, But other emulsifisrs known inthe an can
be used,
[ogel ins praterred smbodimant, the pressrvative is ISOCHLE BW 14, whichis
avaiishls from Lonza nc of Allendals, New Jersey. The preservative functions as a
biotide, which prevents spollags of the Hquid concemtrate during storage. i will be
appreciated that other biotidas/preservatives can be used,

8
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{00231 The compasition can include other additivas such ag, for sxample,
gamma-aminobutyrc acld {(GABA} {CAS Number §8-12-2). (3ARA can be pressnt in
any amount up to & fimit of todeity. In one embodiment, GABA is used 2t &
concantration of about § grams per liter. The cornpusition can further comprise one
or more pH adjusters or pH buffers. The pH of the composition is low due to the acld
nomponent, but increasing the pH can neutrglize the acid tomponent and theraby
reducs efficacy:

(00241 The lguid concantrats, when formed, typically sothibits & light, golden
honey-iike appearance. However, the appearance of the composition will changs
overtime and as a funclion of zeniparama, time, and sxposure fo ight and thus take
on g darker appearance. The color changs has no appreciable affect on the efficacy
of the composition. But to control and maintain the appearance of the liquid
concentrate over fime, one ¢an add a colorant such as ACID STABLE AQUA 5270,
which is avaliable from Koch Golor of Bannett, Colorado.

{0025]  The composition can be provided in a ready-lo-use formal. However, in
farger scale applications, it is desirable lo provide the composition in concentrated
form (e, 88 & powder or as g liquid concentratel. When provided as a liquid
concentrate, the camposition is preferably diluted st a ratio of sbout 1:50 with water.
Again, the water usad is preferably nat highly chiorinated or ireated inasmuch as
chiarine can deactivals or dagrade the sffsctiveness of the compasition in use,
[0028]  The composition can be applied via sub-trrigation, drench or drip thut may
be appliad overhead). Depanding on plant typs, toxiclty might appear on follage or
flowars from overhead application. This can be allevialed by surface washing with
clear watsr.

[0037]  The composition provides several benefits over known compositions, Far
sxarmple, it maximizes water saturation ability {(cordainer capacity). provides battar
watar retention and better rewatting ability. 1t also improves watsr usage efficlancy
and reduces watering fraguency requiremnents. These effects last at least two
watering oycles, thareby providing produt efficacy. These benefits result in labor
savings and increase sales ravenues.

[0038]  Table 1 below provides mass ranges in grams of materials used to maks
1L of & Hquid concentrate according to acosptable, prefarred and most preferred.
embodiments of the invention, which can be dililed at a 1:50 dilution rate In water
{e.0., 1 mi concentrate in 50 mi of water) to ublain 8 composition sultable for use;

';?.
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Table t
i Gonstitusal _ Most
{mosi praferred in Acceptable Praferred Fraterred Qptima
paventhesis) L RN T T
Antigxidarnt (Eryiho t}éc Agidy 28-500 100 {3 2003006 250
Osmalyte {Betaing) $8-B500 | 10-400 200-300 250
_ Watting Agent (SCAXNE) 0~10 18 3-7 5
Emulsifiar (Polyacyathylene ' _ '
sortan moneoleats - 08 ' -4 175325 2.8
TWEENT 83 ' 3 .
Xy . 5 ‘i ?"\\ Af E . e .
 Presavati (S0CHLE IV g.002 | 0002-0016 | 0.003-0.002 | 04
Colorant (AT 8 STABLE S, e e
HA‘Q‘JA, gz:ym : g-0.10 | F}.GGS -0.08: om7 - G QS 0.0% )
Water Balance Batance Bajance Balance
Fing Volume s 1k L 1L

fo02s]

When the composition is provided in a ready-to-use format {or is prepared

from | concentrate aller appropriate ditution), the compaosition prefarably has the

folowing composition:

Table 2
onstituent ‘ _ Most ‘
{most g}ra{emegﬁ i Aceaplabie Prafarrad Preforred Qiptimal
05-20 g-16 - 8-10 5
Q8-20 | 2-18 3-8 5
(-1 g-05 0Dz 0= 04
Dot L p-008 3~ D088 0 - 0.05
m‘““‘s ~ 0 - 0.0004 0-0.00032 1 0-0,00004 - 0.0
0 - 0002 &~ 0.0016 0~ 0.0012 [ 00T
Ratance | Balance Bajance Balance
L L 1w 1L

{0030

1t will he appreciated that the concentration of the antioxidant and

samoivte car e Kgher than specified when the composition Is applisd at less than

saturstion, and adgitonal water is than added to the plant {e.g., the compusition is

sppliad at & dosage fess than saturation, and then the plant is supplied with water to

achieve saturation].
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{00311 In @ preferrad method, the fiquid concentrale is formed by first mEasuring
the water, then adding the emulsifier and miing thoroughty. Next the watling agent
s added and the sciution is tharoughly mixed again. Next, the antioxidant is sdded
10 the solution and i sllowed to completaly 4 fssolve, Then, the esmplyte is added 1o

tha solution and is afiowed to complately dissalve. The presetvative is than added
ant alowed to completely dissolve, Tha golorant is then added. Whan ervthoric

acid ang Lalging

m
5

ave used {both of which are solids), the solids must be allowed o
fully o ‘ssolve hetors adding the next material, It will be appreciated that the order of
addition can bevarlag,

ad that compansnts can be mixed fogether before baing

adden I ihe walsy,
{%3&3%? ““»«e
-{3{}@‘\‘% a s\

o concantvats can generate carbon dioxide in the heacismcsa ofa

:.“tt

a8 SO preassure i:ui*ém* in the contalner, wii ah can digior! its shape,

Tharefore, 1 i recomymended 1o use a container with a vent or a pressure relief valve

1w glore s gompostion,

{00331 The corposition is preferably applisd to the root zone of growing media,

The growing media oan be a solless growing media {8.g., peal based, coco based,
w hased) or 8 soii-containing growing media. As noted above,

'mg‘ﬁ-&iﬁgcﬂ is preferably made via sub-irrigation, drench, or drip
application, Butthe composition can also be applied as overhead watering.
[0034]  Applicant has discoverad that ritiple applications of the solutionlo the
sarne plant provides graater benglits than & single application. For example, the
sompasition can e applied fo young planis before wransplant and then agaln afier
transpiant. The herm "young plants” means plants that have baen propagated for
future ransplant, sither to & potor to the field. The term "young plants” doss not

annompass THnish ed pfants”, which are plants that are in & pot or container and
raaddy for sele @ i, For young plants, the compasition can ba appt lieg one 4w

mare Bmes at any point during the production cyete prior o ransplant, and can also
be appliad after ransplant (in & pot, tray or in the fleld). For finist hed plants, the
aomposition can be applied at least two times (le., multiple imes), in both cases,
agzs;..izmt inns are prefarably spaced apart by at least 24 hours,
[0035]  The composition has besn saen to be especially effective In delaying
wilting i the following groups of plant:
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» Bpring annua! bedding and container plants, such 8 pelunias, calibrachoas,
geraniumms, irpatiens, it

*  Potied plants, such as poinsetias, mint roses, mums, cactl, gerbaras, dahlias,
el
& Parennials, such as roses, hydrangeas, ste.
s Tropical foliage plants, such as ferns, ficus, ivies, pothos, philodendrons, ete.
= Tropical flowering plands, such as orohids, bromeliads, bougainville,
mandeveiila, hibiscus, sie.
+  Evergraens, shrubs and other nursary and forestry orops
«  Ssedling plugs, liners, and propagated cuttings
»  Food crops - polted as well as transplants of herbs and vegetables
{gresnhouse and feld)
»  Industial/imedical crops such as cannabls and hemp
(00361 While the compusition has been ohaerved 1o be espacially effective when
g with the pravious list of plant types, the composition can be applied to other
plants types for simitar results.
Q07 Although the composition is designed to alleviate water/idrought stress in
plants, application of the composition te plants may result in additional benefits as
well. Possible additional benefils include increased chilling stress tolerance,
increased hest stress tolerance, and increased inlerance io other abiotic stresses..

i & typical vage solution. The composition can be applied at a lower concentration
with svery irigation along with or without fedilizer during the whole plant production
prosass or last faw irrigations during produgtion process 1o increase the plant
tolerares to abiotia sirsss.

[OU38]  The following examples are intendad only to Hlustrate the invention and
should not be construed as imposing limitations upon the daims.

EXAMPLE

00381 A tquid concantrals for forming a composition according to the present
invention was preparsd using the masses included in tabig 3 below.

10
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Table 3

Material Mass {9}
Erythorbic Acid 250
Bataing 250
SOAXE B
Polyoyyethylens sarbitan monosleatel 25
ISOCILE RW Loonm
ACID STABLE AQUA 527¢ 008
Water | Balance
| Final Valume 1L

{00407 The liquid concentrals thus formed was used in all of the following
axamples. in each case, the Hguid concantrate was diluted with delonized water ata
150 ditution ratio 1o oblain the composition used in the examples.

EXAMPLE 2

{00417 A ssisction of tinished poinsstiia plants was purchased from & commescial
growar. The plants were grown in peat-based media. Half of the poinsetiias were
designated a3 "conlral” polnsetlias, and were waterad with walsy only by sub-
irrigation: Sub-irigation was conducted when the soll moisture content of the pots
was approximately 50%, by placing the pots in a tray with water for approximately 30
mimites 1o complstely squilibrate the media moisturs content. The other hatf of the
poinsettias were sub-irrigated in the same manner, except that they wears eated
with a nomposition (diluted) according to Example 1. No further watering was dona
1o sither group of poinsettias after the initial reatments.

[I042]  The poinsetlias ware lefl in the same gresnhouse to ensure constant
conditions. The lemperaiure was maintained at about 25, The humidity was 50+
B0% and light lavels were at appmx‘imateiy 400 prcles/m¥sec. The number of days
required for each plant o wilt was recorded, The averags for the control groug was
10 days beforg willing was nbsatved, while the average for the group treated with the
compoesition stcording to Exampls 1 was 14 days before willing was observed. Fig.
1 shows control prinssettiag after 14 days of drought stress. Fig. 2 shows poinsatitias
treated with & compaosition according to the invention after 14 days of drought stress,
{0043]  The change in the pot weight during the shelf life study was similar
batwean control and freatment, however, a $§ghi’?,it:afzzz improvemert iy drought
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tolerance was obsarved. This data dermonsirates that the composition is not
impeding the water availability, but rather is modulating the plant physiology to better
adapt to drought strees to maintain the plant quality

{00441 Poinsetlias traated with the compaosition according 1o Example 1
maintained quality for 14 days while the control planis lasted 10 days. Thissan
additional 4 days improverent in sheif ife,

EXAMPLE 3
fg@ﬁ@ﬁ} The same prozedurs 28 used In Bxampls 2 was repeated with p@ﬁgd
indoor rozes. Fig. 3 shows indoor potied roses after 8 days of drought stress. Fig. 4
shows indoor gt@i{:ie: roses regted with the composition ccording 1o Example 1 after
5 days of drought stress.
[0048]  The chengs in the pot welght during the shalf e study was simitar
betwean control and reatmant, however, a significant improverment in drought
tolarance was observed, Potted rosss treated with the inventive com;;os;m::»n;
maitained Q-ugiééty for 7.5 days, while the contral plants lasted & days, which is an
additional 2.5 days improvemett in shell tife,

EXAMPLE 4

[0047]  The same procedure as used in Exarple 2 was repeated with

Spathyphylium (Peace Lily) plants. Fig. 5 shows control Spathyphylium after 10

days of drought sirass. Fig. 6 shows Sg:}aiz‘wphy&‘um freatad with the the composition

according to Example 1 after 10 days of drought strass,

[0048]  The change in the pot welight during the shelf life study was similar

hetwaen control and treatment, howevear, 2 significant improvement in draught

wolerance was observed. Spathyohylfum treated with the inventive compuasition
aintained guality for 10.5 days, while the control plants lasted 7 days, whzs:h isan

:acﬁdzizmai 3.5 days improvement in shalf e

EXAMPLE 5

[0048] A selection of cllantro plants (4" potled) was purchased from a commercial
grower. Haif of the cilaniro plarts were designated as "control” plants, and were
watsrer with water onfy by subdirrigation. The other hall of the cilantro plants were

12
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sub-irdgated with & composttion (diluted) according to Example 1. i was datermined
that approximataly 73 mi of treatment solutions {water for contral group; the
compositicn according to Exampia 1 for the sxpatimental group) ware taken up by
tha plants. No further x*;aﬁ:ariﬁg was dons o elither group after the infial reatments.
00507 The olantro plante were left in the sams graenhause to ensure constant
condiions. Flg, 7 shows control cllarntro after 4 days of drought stress. Fig. 8 shows

ha invantive composition after 4 days of drought stress. Fig 8

shows cz:\f“‘ai cilantro after & s:s‘\ of drought gtrass. Fig. 10 shows cilantio treated
with the invend wdgys of drought siress.

i 'S.‘ @ exﬁeam sup showed & 30.13% highsee pot waight

dgreup a f:i ayg after reatment. After & days of reatmeant,
i

5
a/

Y e gxpenimental group maintained a quallty scors of 8 compared v g
{1 obwervad for contral (Qualiy was rated ona 1o 8 point scale; where 8 is
norn-stressed healthy plant, and 1 is 8 completaly willed and siressed
antra in tha gxperimental group had a 2 day improvement in shelf life

GO o i control,

EXAMBPLER
[OR52] A salagtion of spearmint plants (4" potted) was purchased froma

commernial growar. Half of the spearmint plants were designated as “control”

,and wers waterad with water only by sub-irrigation. The other half of the

gHang t:}i’&ﬁ‘t‘:? were sub-rigated with a composition {ditutsd) according to Example
1. was determined that approsimately 62 mi of treatment salutions {water for
{:@ﬁ‘iﬁ-:}ﬁf-g?gmrg  the composition according to Exarmple 1 for the experimental group)

werg mkan up by the plants. No walgring was done {o sither group affer the initial
reaimenis
{00531 Tihesg}eaz‘miimz clants wers left in the same greenhouge 1o snsure constant.
conditions. Fig. 11 shows controd spearmint after 4 days of drought stress. Fig 12
shows spaarmint treated with the inventive composition after 4 days of drought
sirasg.
[0084]  Plants in the axperimental group showed a 15.84% higher pot weight
comparad to the controb group at 4 days after freatment. 4 days after reatment, the
plants in the axperimental group maintained & quality score of @ compared 1o a scorg
of 5.3 observed for control. 6 days siter freaiment, the plants in the experimental

13
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group maintained a quality score of & comp arad o 8 score of 1.3 obeerved for
sortrol, Spearming in the experimental group had a 8 day | iy g:we;*ﬂef—;m in shelf ife

compared to control.

EXAMPLE 7

005851 A salsction of basi | plarts (47 potled) wag purchased from a commareial
growsr. Half of the basil plants wave designated as "control” plants, and were
watered with water oniy by sub-irigation. The other haif of the basit plants were sub-
irigated with & composition {diluted) according to Example 1. itwas detarmingd that
approximately 238 mi of irsatment solutions (water for control group; the compuosttion

according fo Example 1 for the sxperimental group) were taken up by the plants, Ng
watering was dong 1o either group afler the inftial raatments.

[0086]  The basi plants were left in the same greanhouse o ensure constant
sorditions. Fig. 13 shows control basil after § days of drought stress. Fig. 14 shows
haeil reatad with the irvantive composition after 8 days of drought stress. Fig. 158
shows control basi! after 10 days of drought stress. Fig. 18 shows basit treated with
the inventiva carapuasttion atter 10 days of drought stress.

{00871 Planis in the experimental group showed 7 36.29% higher pot weight
garpared i the contral group &t 8 days after reatment. 9 days after freatoent, the
plants in the exper imental group maintained a quality score of 83 comparsdto a
soore of 1 ohgerved for control. Basil in the experimental group had & 2.3 day
improvament in shelf life comparad 1o control,

EXAMPLE 8
0B8] A selection of two differant poinsettia cultivars {"Christmas Spirit” and
Maren®) wers purchased as rooted cuttings (iiners) from a greenhouse. The
suitings wers rogtad in enginesred foam growing media {Roolcubes Wadge
marutactured by Smithars Oasls). Half of each cultivar were designatad as "control”
plants, and were watered with water by sub-rigation. The other half were sub-
brigated with & composition (diluted) according to Example. No further wataring was
done to elther group after the initial irealments,
[0089]  The poinsettia rooted cutlings were feft in the same greenhouse to ensure
constant conditions. Fig. 17 shows control "Ghristmas Spirl” poinsettia rooted
cuttings fouwr days after watering. Fig. 18 shows "Christmas Spirit” poinsetiia rooted
14
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cuttings treated with the inventive somposition four days after watering. Fig. 19
shows zontral "Christmas Sgint® poinsettia rooted cuttings five days after watering.
Fig. 20 shows "Christmas Spirit” ROl insattia rpoiad cuttzrga: treated with the inventive
composition fiva days after watsring. fi’g 21 shows contral "Christmas Spirit"
puinsettia rooted cultings six days aftsy watedng. Fig, 22 shows "Christmag Spit”
poinsetiia rooted cutlings freatsd with the inventive composi ftion six days after
watering. Fig. 23 shows confrol "Maren” poinsetiia rooted cuttings four days after
watering. Fig. 24 shows "Maren" poinsetia rooted cltlings trestad with the inventiv
composition four days alter watering. Fig. 25 shows oontral "Maren” poinsettia
racted cutlings five days after watering. Fig. 26 shows "Maren” poinsettia rooled
cuttings treated with the invantive composition five days after watering. Fig. 27
shows contral “Marsn® poinsetia rootedt cuttings six days aiter watering. And, Fig.
28 shows "Maren® poinsstila rooted cullings treated with the inventive composition
sty days after wataring.

[B0B0] Al plants were svaluated for quality using a scalte of 1-5 (1: worss, 5=
Besth. The parcentage of rootad cutlings with @ seore of 3 or abave was catoulated
and represanted the tables below:

Table d
Painsetiia "Christmag Spirt”

% of Plants With Seors of 3 or Higher
4 Days | B5Days | 6 mays
Conrol - 30 o Q
Anventive | 100 g0 80
Table §

Poinastia Maren” :
o5 of Plants With Scors. of3ar Hzg;hssss
o 4 Days 5 Days. & Days
Conirol i t g 3

Uinventive | 100 -+ 2

[O081] Treatment with the inventive composition improved the shelf life of both
cultivars of poinsettia rooted oultings undey waler stress. The irmprovement wag

syident in foam media (Rootcubs Wadge), it apg::zaars that foam media may better
facilitate the uplake of the Inventive composition to the plants, which promoti gie
hetter stress tolerance, 8s comparad to arganic madia.

18
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EXAMPLE @

[0082]  The poinsstiia rooted cutlings from Example 8 above were raswatersd
{with water only} after & days of t:irf:mght strass. Fig. 29 shows the control "Christrnas
Spint” poinsettia rooted cutlings shown in Fig. 21 one day after re-watering. Fig. 30
shows the "Chrigtmas Sﬁgirit“‘ poinsetiis ronted cuttings treated with the inventive
composition showe in Fig. 22 one day after re-watering. Fig. 31 shows the control
“Maren” poinsstiia mo:eci ings shown in Fig. 27 one day after re-watering. And,
Fig. 32 shows tha "Maran” g&ﬁ%ﬁ&eﬁ;a rooted cuttings treated with the Inventive
pomposition shown in Fig. 28 one day after re-watering. The contral plants could not
absork any water, and ramained wilted, Howsver, the plarts that were treated with

the inveniive ooy ssmsi?@ﬂ. could absorb watet and becams turgid.

[00B3]  Additional sdvaniages and madifications will readily ooour to those shilted
inthe art, Therstors, the invantion in s broader aspents is not imited fo the spacific
details and Hustative examples showr and desaribed herein.  Accardingly, various
madifications may be made without departing from the spirit or scope of the general

inventive concept as defined by the appended claims and their squivalents,
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CLANMS
1. Acomposition for application 1 plants, said composition compriging an
antioxidant ard an osmolyle dissolved in wasr,

2. The combosition accarding to dlaim 1, wharain the antioxidant and the
molyte are prasent st 2 weight ratio relative to sach other of from about 10:90 1o
about 80110,

3 The compusiiion according o dlaim 2, whareln the antioxidant is
prasent inan amount of from about 0.5 o about 20 grams par liter and the osmolyls
is presantin an amount of rom sbout 0.5 to about 20 grams per liter,

4. The composition according fo olaim 3, whergin the antioxidant is
selected fram the group vonsisting of erythorbic acid, ascorbic acid andfor thelr
isomers and galls ,ﬁﬁah;yfijs‘ﬁagmiﬁic- acid and glutathions.

% The composition according to claim 4, wherein the asmolyte is selected
from the group consisting of betaine (N, N, Netrimethylglycing), proline, and glycine,
and whersln the compasition further comprises gamma-aminobuliric ackd,

B The compesition according o olaim 1, whereln the antioxidant and the
osmclvigare pragent at & wiight ratio relative to sach other of from about 287 51
about 7525, whergin the antiosidant iz present inan amount of fromabowl S o
abaut 10 grams per i iter and the osmolvis is prasent i an amount of fromeabout 3
about 10 grams per Bter, whersin the antioxidant s erythorbic acld or ascorbic acid,
and wherein the asmolyie is betaine (N, N, Netrimethylglyning).

7. The compaosttion according o claim 8, wharain the composition further
comprizses one or mora of g w:;zttmg agand, an erouisifier, a g}r@sewatwe anda
colorant
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8 The composition accarding to tlaim 7, wherein the composition further
comprises the wetling agent and whersin the watling agent is g polyosypropylane-
polyoxyethyiene block copalymer,

9. The compasition according to olaim 7, whereln the cormposition further
comprisss the emulsiier, and wherein the emulsifier is polyoxysthylene sorbitan
monopisals.

10, A method for improving the drought tolerance of a plant, the mathod
comprising applying & composition comprising an antioxidant and an osmolyte

dissohad it walsr to the plant,

11, The method according to clalm 10, wherein the antioxidant and the

e

semolvie are prasent &t 8 weight ratio relative 1o each other of from about 1080 to

% v 3
YEa
S C\‘ >

A

-

o

&

“

out &

12, The method accarding o claim 11, wherein the anfioxidant is presentin
an amouns of from about 0.5 to about 20 grams per fiter and the osmolyte is prasent
v an amount of from about 0.8 o about 20 grams per liter,

13, The method according 1o dlaim 12, wherein the antioxidant is selectad
fratn the group consizting of erythorble aold, ascorbic acid androy thelr isomers and

salts, dehydrosscorbic acid and glutathione.

14, The methad according 1o claim 13, whereln the osmolyte is selected
fram the group consiating of betaine (N, N, N-trimethylglyeing), proline, and glycine,
and wharsin the composition further comprises gamma-aminabutyric acid,

15, Tha method acoording to claim 14, wherein the antioxidant and the
csmolyte are present at a weight ratio relative to sach other of from abowt 2R FE W
aboul 7535 whsrein the antioxidant is present in an amount of from abolt 3 to about
10 grams per e and the osmolyte is present in an amaunt of fram about 3 to about

wharein the nsmolyie is betaing (N, N, N-trimsthylgtycing},
-1{ g
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16, The methad according fo glaim 15, wherain the plant iz a finished plant
ar & young plant propagated from a cutting or seed,

17, The method socording to olain 15, wherein a root zone of the plant is
in g soilless growing media

$8.  Tham

wthod aonording fo claim 18, wherein the composition s applied
to tha plant at least fwo times, said al least two times being spaned apart by at fsast

4 hinurs.

19, The method acourding to olaim 15, whersin the plantis a flowering
olant g a foliage plant.

0. The mathod according to olaim 18, whavein the compuosition is applied

viz subeirrigation, drench, drip or overhead walering.

18
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