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IN THE UNITED STATES DISTRICT COURT Oy 7 [Z@
FOR THE NORTHERN DISTRICT OF ILLINOIS o < ) 200
EASTERN DIVISION o 5 en 7
SYNGENTA SEEDS, INC,, ) ”« Qo ;:J
) . - -;
Plaintiff, ) Civil Action No: = EE_I.
) Sy
V. ) N S ™ = ™~
BALL SEED COMPANY, ) ‘ =
UNEE Dl &
) CLbE BUGKLY
Defendant. )

B BAACISTRATE sunge
GERALDINE SCAT 320WN
COMPLAINT

NOW COMES Plaintiff, Syngenta Seeds, Inc. (“Syngenta™), and for its Complaint

against Defendant, Ball Seed Company (“Ball”), alleges as follows:
The Parties

1. Syngenta is a corporation organized and existing under the laws of the State of

Delaware and has its principat place of business at 7500 Olson Memorial Hwy., Golden Valley,

Minnesota 55427.

2. Ball is a corporation organized and existing under the laws of the State of Illinois
and has its principal place of business at 622 Town Road, West Chicago, Illinois 60185.

Jurisdiction and Venue

e

3. This is an action for patent infringement arising under the patent laws of the

United States, Title 35 of the United States Code, Section 271 et seq.

4, Subject matter jurisdiction is conferred on this Court pursuant to 28 U.S.C.

§1338(a).

5. Venue is proper in this Court pursuant to 28 U.S.C. §1391(c) and §1400(b). The

principal place of business of Ball is located within this district, Ball has transacted business and
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committed acts of infringement in this district, and this action arises from the transaction of that
business and that infringement.

Claim for Relief

6. On December 17, 1996, U.S. Patent No. 5,585,536 (“the ‘536 patent”), entitled
“Pregerminated Seeds,” was duly and legally issued to Sandoz Ltd. as assignee of Gerhard T.
Bruggink and Peter Van der Toorn. A true and correct copy of the 536 patent is attached hereto
as Exhibit “A.”

7. Syngenta is the exclusive licensee of the ‘536 patent in the United States and has
the right to prosecute, maintain, and protect from infringement the claims of the ‘536 patent in its
own name.

8. Ball is now infringing and has infringed one or more claims of the 536 patent by
developing, making, using, selling, or offering for sale one or more desiccation tolerant
pregerminated seed products, including QuantumSeed™ Impatiens sceds.

9. Ball’s infringement of Syngenta’s exclusive rights under the ‘536 patent is
injuring Syngenta and, if such infringement does not cease, will continue to injure Syngenta,
causing irreparable harm for which there is no adequate remedy at law.

10.  Ball’s infringement has been and continues to be willful and deliberate.

WHEREFORE, Syngenta seeks judgment and relief against Ball including:

a. An entry of judgment that Ball has infringed and continues to infringe the ‘536

patent and that such infringement has been and continues to be willful and

deliberate;
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b. Injunctive relief preventing Ball, and its officers, agents, servants, employees, and
those persons in privity or in active concert or participation with it, from
infringing the ‘536 patent;

C. An entry of judgment for damages, together with prejudgment interest, to
compensate Syngenta for Ball’s infringement of Syngenta’s patent rights;

d. An entry of judgment for treble damages found or assessed because of the willful
nature of Ball’s infringement of Syngenta’s patent rights;

€. An entry of judgment for costs, expenses, and reasonable attorney fees incurred
by Syngenta; and

f. Such other and further relief as the Court may deem appropriate.

JURY DEMAND

Plaintiff Syngenta demands a trial by jury for each matter so triable as of right.
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Respectfully submitted,
SYNGENTA SEEDS, INC.

David C. VanDyke

CASSIDAY, SCHADE & GLOOR
20 North Wacker Drive

Suite 1040 — Lyric Opera House
Chicago, Illinois 60606

Telephone: (312) 641-3100
Facsimile: (312) 444-1669

Of Counsel:

William F. Lee

HALE AND DORR LLP

60 State Street

Boston, Massachusetts 02109
Telephone: (617) 526-6000
Facsimile; (617) 526-5000

William P. DiSalvatore
HALE AND DORR LLP
300 Park Avenue

New York, New York 10022
Telephone: (212) 937-7200
Facsimile: (212) 937-7300

Dated: November 14, 2001

6261927 DVANDYKE; TARRIGO
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1
PREGERMINATED SEEDS

The present invention rclates to pregerminated seeds
having desiccation tolerant emerged radicles, a process for
obtaining such seeds and plants derived therefrom.

BACKGROUND OF THE INVENTION

Several attempts have been made to produce pregermi-
nated sceds which give rise to consisteatly high and repro-
ducible rates of germination in the field for many species of
plants. However, such attempts have proven to be unsatis-
factory since inter alia the storage life of such seeds is
generally of limited duration or requires the employment of
specialised storage facilities. Furthermore, pregerminated
seed has not hitherto been considered amenable for sowing
with conventional sowing methods and equipment i.a.be-
cause of the problem of seed dehydration under sowing
conditions.

Granted patent specification EP 202879 BI, describes the
obtention of high viability secd lots which are selected on
the basis of having emerged radicles which have a moisture
content at which radicle development is suspended without
loss of seed viability. There is no suggestion that induction
of desiccation tolerance in the radicle is advantageous and
can lead to a product comprising germinated seeds which are
capable of being stored at ambient temperatures for long
periods of time without the need for specialised storage
conditions, The high viability seed lots obtainable according
to the disclosure of EP 202 8§79 Bl are mot desiccation
tolerant as indicated by several statements in said specifi-
cation and as supported by the examples hereinafier dem-
onstrating essential differences between the desiccation tol-
crant pregerminated seeds obtainable according to the
teaching of this invention and the pregerminated seeds
cbtainable according to the conditons disclosed in EP 202
879 B1.

Many reports have appeared in the scientific literature of
the efiect upon seeds or seedlings of desiccation stress. One
such report states that desiccation tolerance may be due to
the presence of disaccharides such as sucrose and/or the
presence of other plant sugars such as oligosaccharides.
However, such a desiceation tolerance in the seed has been
observed to be lost upon the emergence of the radicle from
the seed coat and it is at this critical stage of germination that
the ability to induce desiccation tolerance in the radicle has
ot hitherto been considered practicable [Koster K. 1. and
Leopold A. C, Plant Physiol. 88:829-832 (1988)).

Other workers bave reported that maturing Barssica
campestris seed acquire desiceation tolerance during seed
development and that this has been observed to be concomi-
tant with elavaled levels of sucrose content. However,
attempts at inducing desiccation tolerance in the emerged
radicle of germinated seeds was neither described nor sug-
gested [Leprdnce O, et al, Plant, Cell, and Environment
13:539-546 (1990,

The ari generally teaches of the loss of desiceation
tolerance in germinated seeds. It has now surprisingly been
found that desiccation tolerance can be induced in seeds
having an emerged radicle. Furthermore, it has now been
found that seeds comprising desiccation tolerant emerged
radicles are capable of being sown without the need for
employing refinements to sowing methods such as the
application of encapsulating gels to pregerminated seed and
the like. Surpdsingly, seeds comprising desiccation tolerant
emerged radicles as herein described are capable of being
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sown using conventional non-germinated seed sowing meth-
ods and equipment without substantial deleterious effect on
seed viability, :

Advantages of sowing seed in which the radicle has -
emerged include faster germination times once sown and
provided that the seed supplier can guaraniee a high seed.
viability per batch of seeds sown, 2 more reliable estimate of
how much seed is required for sowing and Rence more
efficient growing methods.

One benefit of inducing desiccation tolerance in the
emerged radicle of pregerminated seeds is that such seeds
¢an be dried back to a moisture content approaching that of
non-germinated seed. Thus, treated seed comprising desic- |
cation tolerant emerged radicles is capable of being stored
for long periods of time at ambient temperature i.e. without
the need for employing specialised storage facilities such as
refrigeration facilities and the like.

A further advantage is that seed comprising desiccation
tolerant emerged radicles which have not been further drjed
back can be sown naked i.c. using conventional seed sowing
methods and equipment without the need for employing:
encapsulating gels and the like.

SUMMARY OF THE INVENTION

An object of the preseat invention is to provide germi-
nated seed comprising desiccation tolerant emerged radicles
in the form of naked or pelieted seed in commercial quan-
tities suitable for sowing in the field.

Another object is to provide germinated seeds comprising
desiccation tolerant emerged radicles which have a long
shelf-life and which do niot require specialised conditions foc
transport and/or storage.

A further object is to provide a method of treating sced
whercein desiceation tolerance is imparted to at least a part of
the radicle of germinated seed.

These and other objects and advantages of the present
invention will become apparent from the following descrip-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

According to the present invention there are provided
pregerminated  seeds comprising  desiccation  tolerant
emerged radicles. '

_ For the purposes of the present invention the terms
‘pregerminated seeds’ and *germinated seeds’ are used inter-
changeably and are defined as seeds in which the radicle
and/or hypocotyl has protuded or emerged from the seed
coat or pericarp. The protruded or emerged radicle can be
surrounded by endosperm (e.g. Cyclamen) or not depending
on species. The leagth of the radicle may be of any length
which distinguishes germinated seed from non-germinated
seed. Preferably, the radicle can be of any length up to the
maxiseum diameter of a seed. Thus, where a seed has an
irregular shape, the length of the radicle can approximate the
widest diameter of the seed. The most preferred length for
secd coating, sowing and/or separation procedures is of the
order of 2.5 mm or less depending oa seed type. Suitable
seed types include those which are capable of forming root
primordia from at least an hypocotyl region; preferred seed -
types include those types which are not capable of devel-
oping a seminal root system. Examples of this category
include all vegetable and fowering species of the types
listed in the Handbook for Seedling Evaluation, J.Bekendam
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and R. Grob ISTA, Zurich, Switzeriand 1979 on pages
28-29, and especially those types exemplified on pages
122-126. Seed types capable of forming roots from an
hypocotyl region arc also included within the ambit of the

invention. Exarnples of seed types on pages 122-126 of the |

above reference which may not be considered to form 2
typical seminal root system but which nevertheless can be
said 1o be capable of forming roots from a hypocotyl region
inciude such seed types as Cyclamen and Impatiens, Pre-
ferved seed types of the invention include those of species
representing the groups comprising Allfums, Antirrhinums,
Begonias, Brassicaceas, Capsicums, Betas, Lycopersicons,
Cucurbitaceae, Cyclamens, Dianthuses, Gazanias, Gerberas,
Impatiens, l.obelias, Nicotianas, Pelargoniums, Petunias,
Phloxes, Primulas, Raphanuses, Salvias, Solanaceae, Tag-
etes, Verbenas, Vincas, Violas, Apiums, Daucuses, Chicori-
ums, and Zinrias. Most preferred seed types include those of
species represented by the groups Brassicaceae, Capsicums,
Impatiens, Cyclamens, Petunias, Lycopersicons and Violas.
Alsa encompassed within the ambit of the present invention
are plants grown from seed as herein described.

The germinated seeds camprising desiceation tolerant
emerged radicles are more versatile than conventional ger-
minated seed because they are able to withstand desiceation
stresses imposed by the ambient environment which may
arise during transpogt, or on sowing equipment and the like,
Thus, seeds of the invention can also be subjected to further
desiccation treatmments which can render them storable for
longer storage periods under conventional seed storage
conditions relative to seeds comprising emerged radicles
which have not been subjected to a desiccation tolerance
induction treatment. Conventional seed storage conditions
rnay comprise a relative humidity of from about 30% to 50%
and a temperature of from about 15° C, to 20° C. Seed
storage conditions may also include temperatures within the
range of from about —=20° C. to about 25° C. (i.e. room
temperature). Aliematively, germinated seeds of the inven-
tion may be sown using conventional sowing methods and
cquipment without the need for special treatments such as
gel encapsulation for minimising water loss and the like
since the seeds can withstand further desiccation while in
situ on seed sowing equipment, in open sacks and the like.

In another embadiment of the invention there are pro-
vided seeds comprising desiccation tolerant emerged
radicles which are capable of being sown using conventional
sowing equipment.

Typically, germinated seeds of the invention are found to
have substantially elevated levels of the disaccharide sugar,
sucrose in their radicles, relative to the radicles of germi-
nated seeds which have not been subjected to a desiccation
tolerance ftreatment as herein described. Naturally, the
skilled artisan will appreciate that a pregerminated seed in
which desiccation tolerance has been induced in the radicle
will also have been rendered desiccation tolerant in other
structures of the seed, such as for exampie, in cotyledon
structures and the like.

‘Desiceation tolerant” means that the seed radicles in
which desiccation tolerance has been induced are capable of
withstanding further desiccation treatments which reduce
the overall moisture content of the sced to a moisture content
typical for that of non-germicaied seeds of the relevant
species without substaatially affecting the seeds ahility to
resume growth under favourahle growing conditions, even
after storage for 1,2 or more weeks. Seeds 1o which desic-
cation tolerance has been induced in the radicle can be
subiected to further de<icration treatments decendine on the
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Pregerminated seeds having desiccation tolerant eme
tadicles are obtainable by maintaining pregerminated s
during an incubation period at a moisture content sufficie
low to substantially inhibit growth of the radicle but
enough to permit other metabolic processes to continue,
oplimum moisture content will depend on the particular
type employed, and can be established by monitoring
development of metabolic processes in test samples,
sucrose content increase during the incubation perioc
general, the moisture content of sceds suitable for desi
tion tolerance induction in the emergad radicles will b
the range of from about 35% to §5%, more specificall
fror‘n about 35% up to about 50% by weight of the seeds.
opumura incubation conditions (incubation time, temyp
wre, relative humidity {RH], osmotic value ste.) can |
wise be established experimentally, in that for exarnple
seeds are incubated under different conditions, thea d
back to 2 moisture content typical for non-germinated s
and the viability of the dried seeds then established .8
determining, for test samples, the percentage of seed!
cbuained afier storage for a certain period of time,
pereentage of sceds showing root elongation or secon
root formation etc., as illustrated by the examples herei
ter. In general, the incubation temperature will lis in
range of 07 to 25° C., more preferably of 0° 10 15° C.
incubation period will depead on the other incubation «
ditions and the particular seed type. In general, satisfac
results are obtained with an incubation period in the rang
from { day to 10 days. Seeds comprising desiccation tole
cmerged radicles which have undergoae further desicea
treatments can be stored for longer storage periods wi
conventional seed storage conditions relative-to-seeds ¢
prising emerged radicles which have not been subjecte
a desiccation tolerance induction treatment. Shelf-lif
seeds of the invention can thus be lengthened with fur
desiccation treatments which reduce the overall mois
content of the seed to from about 45 to about 12% by we
of the seed depending on species (i.e. moisture con
typical for that of non-germinated seeds of the rele:
species) which does not substantially affect the ability of
radicle to resume growth upon the retum of favourn
growing conditions. A radicle of a seed may be viewe
being desiccation tolerant if it is capable of giving ris
further radicle growth either in the form of clongation of
primary root per se or formation aud/or elongation of :
primordia from a point or points located on the primary
or from the hypocotyl region, afier having first undergo;
desiccation tolerance induction treatment. Thus, desicea
tolerance in the ¢merged radicle may be restricted to at 1
a particular part of the emerged radicle, such as the hy
cotyl region,

The radicles of germinated sceds having induced de
cation tolerance have a suctose comtent that is elev:
relative to the sucrose content of emerged radicles in sc
of the same species which have not undergons_desicea
tolerance induction. Typically, the radicles of desicca
tolerant germination seeds have a sucrose content in
range of from about 3% up to about 15% by weight of
radicle. Namrally, the actual sucrose content of the rad
will vary depending on species, The skilled artisan
appreciate that the overail sucrose content of the seed
also increase.

In a further embodiment of the invention there ace |
vided coated germinated secds comprisiag desiccation
erant crierged radicles.

*Coaterd ocerminated emmde® camfrrme 1 the dpcarmin
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provided with an additional protective layer or in pelleted
form. The pellcting material may comprise any conventional
material commonly used in the art for protecting or pelleting
sced. Suitable pelleting materials include clays such as
sub-bentonite and bentonite, veomi
tives such as perlite, pumice, metal stearates, polyethene,
polystyrene, polyurethane, talcum powder, polypropene,
polyvinyl chlodde, starches, loams, sugars, arabic gums,
organic polymers, celluloses, flours such as wood flours,
quartz powders and the like. Such materials may be added
10 seed of the invention using conventional layering or
pelleting procedures known in the art. Examples of compo-
nents which may also be incorporated into the seed coat
include growth regulators such as gibberellins or auxins.
Typically, the content of growth regulator will be in the
rantge of from about 0.0001% to about 1.0% by weight of the
coating material, '

In a further embodiment there is provided a method of
inducing desiccation tolerance in emerged radicles of ger-
minated seeds comprising subjecting germinated seed to
environmental coaditions conductive to the induction of
desiccation tolerance in the emerged radicle.

In a further embodiment there is provided 2 method of
obtaining germinated storable seeds comprising desiccation
tolerant emerged radicles which comprises

i) subjecting germinated seed to environmental conditions
conducive to the induction of desiccation tolerance in the
emerged radicle and :

ii) drying back the seed to 2 moisture content that is

culite along with addi-,
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substantially that of commercially available pon-germinated -

seeds

whereby step (i) may be initiated before the desiccation
tolerance induction under the conditions of step (i) has
been achieved, provided the drying step (i) is carried
out suficiently slow to permit the seed radicles to
acquire desiccation tolerance before the moisture con-
teat has reached a level where metabolic processes are
substantially discontinued.

In geaeral, the storable germinated seeds according to the
invention will have a moisture content of from 4% to 12%
by weight of the seeds.

The germinated seed used as starting material may be
obtained in conventional manner. It will conveniently bc
obtained by germinating seed in an appropriate seed gerini-
nating eavironment, A ‘seed germinating environment’ is
one wherein seeds may freely germinate at least to the extent
that radicle protrusion occurs. The cnvironment must be
adequately moist, aerated or oxygenated, and capable of
promoting sced germination to at Jeast the stage of radicle
protrusion from the seed coat or pericarp. An example of
such an eavironment is the aerated water columa wherein
the degree of aeration is sufficient to keep the seeds of
interest buoyed or in suspension. The amount of seed per
unit volume can be any suitable amount. A suitable amouat
can be from 1-200 g seeds/l. In a preferment, the amount of
seed does not rise above about 25 g seedsfl of water. The
actual amount of seed per uait volume of water is depeadent
oa species. Generally, the temperature of the sced genmi-
nating environment is one which permits or promotes the
germination of the seed. A suitable temperature of the
germinating environment can lie in the range of from 3° C.
to about 30° C. depending oa species. Preferably, the tem-
perature of the germinating environment lies within the
ragge of from about 15° C. to about 25° C: ) o

Other coaventional additions to the germinating environ-
ment may include further excipients, diluents, additives,
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factors and regulators as required, which may help in
promoting or improving germination or of enhancing sec-
ondary root primordia induction in the emerged radicle,
Such additions may include but are not limited to the use of
plant growth regulators or hormones, for example 2 gibber-
ellin biosynthesis inhibitor such as pactobutrazol (¢.g. where
it is desired to enhance survival of primary roots), 2 gibber-
ellin (e.g. where it is desired to stimulate secondary root
growth) or an auxin which may be added to the germination
environment to a conceatration of from about 0.0001% to
about 1.0% by weight of seed germinating environment.
Conventional additions to the germinating environment also
encompasses the use of physical stimuli.

Instead of the aerated water column other environments
such as moisture filter paper may be used. Once germination
or radicle protrusion from the seed coat or pericarp is
observed, the germinating seeds are separated from the
others Using conventional techniques known in the art.
Typically, separation techniques rely on physical differences
between germinated seed and non-germinated seed such as
size, weight, shape, and the like. An important factor in seed
separation is the sclection of seed having radicles of the right
length. The length of the radicles is preferably up to and
including the length or diameter of the seed. Usually, the
seeds are surface dried before the induction of desiccation
tolerance, using procedures commouoly employed in the art.

Desiceation tolerance can be induced in the emerged
radicle by any one of several metheds. During this induction
phase, growth of the radicle is substantially ighibited how-
ever the moisture content of the seeds is such so as to permit
other metabolic processes to continue. Such moisture con-
tent will depend on the particular seed species but will in
general not be lower than about 35% by weight of the seed.
Some methods rely on cither with-holding water from or
with-drawing water from the seed over an ‘incubation’
period. In principle it is sufficient to with-hold water, since
the metabolic processes require water and the overall mois-
ture content of the sceds is reduced when water is with-held.
Thus, the initial moisture content may be equal to that of
germinating seeds, although a somewhat lower moisture
coatent gives a quicker induction. The aim of the incubation
is to place the seed under a mild to moderate water stress.

One method of inducing desiccation tolerance in sceds
involves the incubation of seeds comprising emerged
radicles for long periods of time under conditions wherein
moisture loss is prevented. An example is where the seads
are held in a closed container such that a minimal exchange
of gases is permitted, for up to several days. For instance
such a container can be a petri dish with a loose fiting lid,
or a larger container having a loose fitting lid. The sceds can
be incubated at any temperanure within the range of from
about 0° C. up to -about 25° C. Preferably, seeds ar
incubated at suitably low temperatures such as from about 0°
C. to about 15° C., for example, o minimise the sk of
infestation with pathogens. The period of time and tempera-
wre required for incubation mazy vary from specices to
species and it may be measured in terms of days stretching
into weeks or looger. Preferably, the incubation period may
be any period of time from about 1 day up to about 10 days.

In the above case, where a seed coating formulation isto
be applied to the sced, a coating may be conferred oo the
seed either before or after the incubation step and before or
after any subsequent drying step.

In 2 varant of the incubation alternative outlined above,

germinated seeds may first be dried back relatively quickly

under conventional drying procedures and then submitted (0
incubation conditions. Thus, the moistre contenl may ini-
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tially be reduced to e.g. @ moisture content which is about
10% lowcr than that which germinated seeds normally
possess. Satisfactory results are abtaincd when the moisture
content is between about 0.5% 1o 5% lower, particularly
between about 2% and 5% lower than that which germinated
seeds normally possess depending on species. In general, it
is advantageous not to reduce the moisture content to less
than about 35% by weight of the seeds. For instance, the
sceds can be dded back under conditions wherein the
temperature lies within the range of from 0°-25° C.,,ata
relative humidity within the range of from 309%-90%, in still
air or in flowing air at speeds typical for drying back seeds.
For example the airflow speed may be at any speedup 102
s or faster. The period of time may be for any suitable time
interval up to about 24 hrs depending on drying conditions
employed. Suitable drying conditions are 20 C, at arelative
humidity of 40% in air flowing at a speed of 2 m/s over 5
minutes. :

Typically, seeds in which desiccation tolerance is to be
induced in the radicle are dried back to an overall water
content sufficient to permit metabolic processes to continue
but sufficiently below that of germinating seed to substan-
tially inhibit radicle growth, typically about 35% to about
55%, more preferably 35% to 50% by weight of the seed
depending on species. ‘

After drying back, the seeds arc transferred to an envi-
ronment wherein moisture loss is prevented, (6.8. 2 closed
container), and subjected to incubation treatments as
described herein before in order to induce desiccation tol-
erance in the radicle. As above, where 2 seed coating
formulation is to be applied to the sced, a coating may be
conferred on the seed ¢ither before or after the induction step
and before or after any subsequent drying step.

Water conteat of seeds or emerged radicles is calculated
using the following formula:

Wi~ Wa

Wi % 100

whete

Wi=weight initial

Wa=weight after oven drying seeds or radicles at 103° C.

overnight '

An alternative method of inducing desiccation tolerance
into emerged radicles of seeds includes subjecting such
seeds to a water stress via osmosis. For example, selected
seeds may be transferred to an aqueous solution possessing
an osmatic value of from about 0.5 to about —4.0 MPa. The
actual osmatic value of the solution can vary between
species, however, it should be such that growth of the radicle
is inhibited but that the moisture content of the seeds is
sufficiently high so as to permit other metabolic processes to
continue. In this state seeds experience a mild water stress
due to alack of availability of free watez. Typically, the seeds
are contacted with a solution of a suitable osmoticum such
as PEG 8000, mannitol, or a salt solution such as NaCl and
the like. Plant growth regulators such as methyl jasmonate,
and auxins e.g. indole butyric acid @BA), can also be added
to the osmoticum solution at a coucentration of between
about 0.0001% to about 1.0% by weight. Alternadvely,
sceds may be contacted with a solution of a svitable plant
hommone such as abscisic acid (ABA). Preferably, the seeds
are soaked in a suitable osmoticum solution in an aerated
column as bereinbefore described. The acwal osmoticum
solution used is not critical to the invention as long as the
seeds are not harmed by it The contact time may be fora
time interval measured in days extending o wezks or longer,
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Prcfcrably for a period of 1-10 days at a temperawre lying
in the range of from 0° to 25° C. More prefcrably, the contact
time is from 3-10 days. The coatact period is preferably
carricd out at a temperature at less than 10° C. After the
contacting period the seeds ‘are washed in water,

After inducing desiccation tolerance in the emciged -
radicle seeds destined for storage purposes may be dried
back to moisture contents similar to those of ungerminated
seed eg from about 4% to about 12% by weight depending
on species. The method of drying back after induction of
desiccation tolerance in the radicle is not critical provided
that 2 sufficient degree of desiccation tolerance has becn
induced in the radicle and the temperature is not too low.
Conveniently the temperature is not below 10 C. For
example in 2 method of drying, seeds can be spread out in
a single layer, and left standing in still air for about 24 hrs
at a relative humidity of from about 40%-75% and tem-
perature in"the renge of from 10°-30° C. After the end of
such a drying perod, seeds are found to have reached a
moisture content of between 4% and 12% by weight,
depending on species. -

In 2 further variant, the induction of desiccation tolerance
in emerged radicles can be attained and combined with
further desiccation in one step when producing storable seed
as mentioned hereinbefore, by drying back seed comprising
emerged radicles very slowly to a moisture: content of
ungerminated seed, e.g. of from about 4% to about 12% by
weight. The time period required for this can be from 2-10
days in duration at a relative humidity lying within the range
of from 75% to 0% at a temperature of about 20° C.
Preferably the time interval is from about 3-7 days under
appropriate drying conditions. Appropriate- drying condi-
tions include those temperature conditions as hereinbefore
described. Such seeds may then be subjected to further
desiccation treatments depending on design.

Storable seeds are those wherein desiccation tolerance has
been induced in the radicle and which possess 2 moisture
content in the range of from about 4% to about 12% by
weight. Such seeds can be stored for periods of at least 3
months in sealed containers such as drums, plastic bags,
aluminium-lined bags and the like under storage conditions
of the ambient caviroament i.e. without the need for storing
in specialised refrigeration or cooling conditions, specified
temperatures, certain relative humidity and the like.

There now follow examples which further fllustrate the
inveation. It is to be understood that the examples are not to
be viewed s limiting the scope of the invention in any way.
The tables referred to in the examples are shown after
Example 14, :

EXAMPLE 1

Desiccation tolerance and sucrose content increase during
incubation of germinated Impaticns secds in PEG-8000

“solution.

25 g seeds of Impatiens (cv Impuise rose, Zaadunie BY)
are germinated in 2 1 of zerated water at 20° C. for 4 days.
3000 germinated seeds are selected, and centrifuged at 1300
rpm for 1 minute to remove excess water. Seeds arc divided
into § portions of 600 sceds. 4 portions arc incubated on
blotting paper moistened with a solution of PEG-8000,
commerciatly available from BP Chemicals, Southampton,
(324 g, water patential —1.5 MPa, determined following the
teacking of Michel B. E. [(1983) Plant Physiology
72:66-701). in a closed coatainer at a temperature of §° C.
for perieds of 1, 2, 3 or 6 days to induce desiccation
tolecance. One portion is used as a coatrol (i.c. non-incu-
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bated). After the induction periods, seeds are rinsed in
distilied water. Moisturc content of the seeds is determined
at the end of the incubation periods and just after rinsing at
44% by weight using the formula as herein described.

25 seeds from cach portion are used for determining -

sucrose content at the end of the incubation periods (i.c.
immediately for control seeds), using the UV methodology
as outlined in “Methods of Biochemical Analysis and Food
Analysis” (1986) pp 96-98 Bochringer Mannheim. 100
seeds of each portion are sown on soil and the emergence of
seedlings is counted after 14 days.

After rinsing, remaining seeds are dried in still air at 40%
relative humidity (RE) and 20° C., reaching 2 final moisture
content of 5% by weight in 24 hours. Control seeds are dried
in the same manner.

After drying, seeds are stored at 409 RH and 20° C. until
sowing i.e. 14 days after drying of controls.

Table 1 shows that desiccation tolerance developed gradu-
ally during the incubation period, the increase in desiccation
tolerance coincided with an increase in sucrose content of
the seeds.

EXAMPLE 2

Desiccation tolerance and sucrose content increase in
pregerminated tomato seeds.

25 g of tomato seed are gevminated in 4 } aerated water at
20° C. After 4 days, 1000 seeds with a radicle length of less
than the seed diameter are selected by band. Seeds are
blotted dry and placed in a closed container at 8° C. for
desiccation tolerance induction periods of 0, 1,4, 2nd 6 days.
Moisture content of a sample of 200 seeds is determined at
48% by weight. After the induction periods the seeds are
placed in still air and dried at a temperature of 25° C, and
relative humidity of 40%. The final moisture content of the
seeds is 7% and is reached after a tiime interval of about 12
hours. Sucrose content of the emerged radicles is determined
at the end of the induction periods, just before drying as
outlined above. Sucrose content is determined on 2 sample
of 50 seeds using the UV methodology described in example
1, After drying, secds are stored at 40% relative humidity
and 25° C. for 14 days. 100 seeds from cach induction period
are planted and percent emergence determined after 5 days.
Results are shown below in Table 2.

EXAMPLE 3

Slow drying induces desiccation tolerance and elevated
sucrose content in pregerminated Impatiens seeds.

5 g seed of Impaticas seeds are germinated in 4 1 water at
a temperature of 20° C. in an zerated column. After 4 days,
1000 germinated seeds having a radicle Iength less than that
of the secd diameter are selected by hand. All seeds are
centrifuged for 2 minutes ai 1300 rpm to remove CXeess
waler. .

Seeds are divided into two groups. Seeds of one group are
dried at three different drying rates (see below). Seeds of 2
second group are incubated for 5 days at 8° C. in a closed
container. Moisture coatent of the seeds is determined at
47.5% by weight. Seeds arc thea dried at the same three
different drying rates as the first group.

After drying, seeds are stored at 40% relative humidity
and 20° C. for 14 days. Sucrose content of the seeds from
both groups is determined after drying as per example 1.
Seeds have a final moisture content of 55% by weight.
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100 seeds from each group are plantcd and % emergence
determined after 7 days at 25° C.

Drying Conditions
i} Fast drying .

Windspeed 1 m/fs at 30% relative humidity and 25° C.
Seeds have a final moisture content of 5% after 6 hours.
i) Medium drying

Seeds are placed on trays above a saturated solution of
NaCl in a chamber (1 m®) having a coatrotled environment.
Windspeed 0.05 m/s. Moisture content is maintained at a
relative humidity of 75% and temperature of 25° C. Seeds
are held under these conditions for 24 hours by which time
the seeds reach a moisture content of 10% by weight. Seeds
are then transferred 10 an open container at 40% relative
humidity,20° C. Moisture content is determined at 5% after
24 hours.

iii ) Slow drying

Seeds are placed on petsi dishes in a closed container (0.1.
dm®) containing a satrated solution of NaCl, at a drying
temperature of 25° C. Moisture content above the saturated
NaCl solution balances out at a relative humidity of 75% at
25° C. Seeds are held under these conditions for 72 hours by
which time the seeds reach their final moisture content of
10%. Seeds are then transferred to an open container at 40%
relative humidity, 20° C. Moisture content is determined at
5% after 24 hours.

Results are shown below in Table 3.

" EXAMPLE 4

Shelf-life of Prcgcrminaled' Impatiens seeds

20 g seeds of Impatiens (cv Impulse red, Zaadunie BY),
(ot 1) and 20 g seeds of Impatiens {cv Impulse scarlet,
Zaadunie BY), (lot 2) are germinated for 4 days in 2erated
columnns in 2 1 of water at 20° C. 20 g germinated seeds
having protruding radicles are obtained. Germinated seeds
are selected, and centrifuged (1300 rpm / 1 mix) to remove
excess water and incubated for 7 days in a closed container
at 8° C. to induce desiccaton tolerance in the emerged
radicle. Seeds have a moisture content determined at 47% by
weight. The seeds are dried in still air, ata relative humidity
of 40% and temperature of 20° C. Afier 48 hours the
moisture coatent of the seeds is determined using the
formula hereinbefore described, at 5% by weight. Dred
seeds are divided up inte 0.5 g portions which are scaled in
aluminjum-lined bags. Half of the bags of each seed lot are
stored in a cooler at 8° C., the other half in a controlled
environment chamber (Van den Berg, Moantfoort, NL) at 20°
C. Each month a bag is opened and 100 seeds are germinated
on moistened filter paper at 25° C. in the light The aumber
of seeds forming secondary roots after 14 days incubatica is
counted. Control sced samples undergo pregermination
however a drying step is not included in their treatment.
Controls are stored at 8° C. and 20° C. Results are shown i
Tabie 4.

EXAMPLE 3

A comparison of shelf lives of germinated Impatiens
seeds having desiccation tolerant cmerged radicles {(moisture
content of 5.0% by weight of seed) and germinated Impa-
tiens seeds not having desiceation tolerant emerged radicles
(moisturc content of 19.6% by weight of sced).



P JL-CV=UogUs L ) ifled11/14/01 Page 12 of 18 PagelD #:12

. R

s
&

o

-

W,

—/

.5,585,536

1n
40 g of Impatiens (cv Blitz salmon, Zaadunic BY) are
germinated for 4 days ina column in 4 1 of aerated water at
20° C. 20 g sceds (approx. 20,000 sceds) having emerged

- radicles arc selected. Oac half of the seeds are dred imme-

diately by first centrifuging at 1300 rpm for 2 minutes and
then placing them in a plastic box in a fytotron conditioned
at 25° C. and 80% RH. After 8 hours the moisture content
of the sceds deercases from an initial 48% by weight to
19.6% by weight. Sceds arc then divided into equal portions
and placed in aluminium lined bags which are sealed and
stored at three temperatures: —20° C., §* C. and 20° C. The
other half of the seeds after centrifuging, is incubated in air
at 100% relative humidity in a closed container at 8° C. for
7 days, for the induction of desiccation tolerance in the

" radicle. Molsture content at the end of incubation is deter-

mined at 46% by weight. After incubation, seeds are dried at
25° . and 80% RH. 24 hours after the start of drying, sceds
are transferred to still air at 40% RH and 20° C., until the
final moisture content of the seeds is determined at 5% by
weight. Seeds are then divided into equal portions and
packed in sealed bags (100 seeds/bag) and stored at=20° C.,
8° C. and 20° C.

Immediately after drying and after suitable time intervals
in storage, 100 sceds are incubated on moistened blotting
paper a1 25° C. The percentage of seedlings having devel-
oped secondary roots is detcrmined 14 days after the start of
jncubation. Seeds are also tested for seedling emergence in
a soil germination test i.e. 100 seeds are sown in soil at 20°
C. and placed under fluorescent light. The percentage of
seedlings is determined 14 days after sowing. Results are
shown in Tables Sa and 5b,

EXAMPLE 6

A comparison of shelf lives of germinated tomato seeds
with desiccation tolerant emerged radicles at 5% moisture
content and seeds not having desiccation tolerant emerged
radicles, 21.6% moisture contenl. :

S0 g of tomato seeds (F 7263, experimental variety,
Zaadunic BV) are germinated in a column in 4 1 of acrated
water at 20° C. 4000 germinated sceds are selected after 3
days. One half of the germinated seeds are dried immedi-
ately by placing them in still air at 75% RH and 20° C. and
permitied to reach a moisture conteat of 21.6% by weight.
Imitial motsture content of the seeds decreases from 50.6%
by weight to 21.6% by weight in 6 hours, The other half of
the seeds is transferred to a columa with an aerated sotution
of PEG-8000, from BP Chemicals, (324 g/1),. Seeds remain
jn this solution for 7 days at a temperature of 8° C. in order
10 induce desiccation tolerance in the radicle. The secds are
then removed, rinsed in distilled water, and moisture content
determined at 46%. Seceds are then dried in still air at 40%
RH and 20° C. for 3 days. Seed moisture content is then
determined to be 5%. Dried sceds of the two treatments
(18%100 seeds) are then packed separately in aluminium
lined bags which are sealed and stored at three temperalures:
-20° C, 8° C. C. After predetermined storage
periods, the quality of the seeds is tested by sowing 100
seeds per treatment oo soil. Seeds are sown in trays on soil
and placed for three days in the dark at 20° C. before
removal to a greenhouse. Percentage of seedlings is deter-
mined two weeks after sowing.

Results in Table 6 show that shelf-life of seeds subjected
1o a desiccation tolerance nduction treatment is longer at all
storage conditions tested than for seeds which are directly
dried back to a moisture content of 21.6%, and not subjected
to a desiccaticn tolerance induction treatment.
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EXAMPLE 7

A comparison of shelf lives of germinated Brussels
sprouts seeds which have desiccation tolerant emerged
radicles (5% moisturc conteat), and non-desiccation tolerant
sceds having emerged radicles (20% moisture content).

100 g of seeds of Brussels sprouts (cv. Tardis, Zaadunie
BV) are germinaied in 4 1 acrated water at 23° C. After 16
hours germinated sceds arc hand selected. 2100 secds arc
selected. Moisture content of germinated seeds is deter-
mined at 50% by weight. 1000 seeds are incubated on
blotting paper moistened with PEG-8000 (BP Chemicals )
solution (324 g/, water potential ~1.5 MPa, determined as
per example 1), at a temperature of 8° C. for 7 days to induce
desiccation tolerance in the emerged radicle. Moisture con-
tent is determined at 41% by weight at the end of the
induction pericd. Seeds are rinsed i distilied water and
placed instill air at 40% RH and 20° C. unti! a moisture
content of 5% is reached after approximately 24 hours. The
other 1000 seeds are dried immediately after hand selection
in still air at 75% RH and 20° C. unti 2 moisture content of
20.9% is reached after a period of 6 hours. Sceds are then
sealed in aluminium lined bags (50 seeds per bag). Packaged
seeds are stored at temperatures of =20° C., 8°C. and 20° C,
After storage periods of 0, 1 and 2 months 50 seeds per
treatment are sown on soil and the percentage of seedlings
counted after 10 days. Results are shown in Table 7.

EXAMPLE 8

Seeds of Impatiens; cv Impulse salmon orange, having
desiccation tolerant emerged radicles and performance on
sowing simulator machines.

50 g of Impatiens, cv Impulse salmon orange are germi-
nated in a column in 4 1 of aerated water al a temperature of
20° C. After 3 days 30 g of seeds (approx. 30,000 seeds) with
emerged radicles are selécted.

15 g of seed {control) are placed on a sowing simulator.
The other 15 g (test) are incubated inairin a closed container
at 100% RH for 7 days at 8° C. so as to induce desiccation
tolerance in the radicle. Moisture content of the seeds at the
end of the induction step is determined at 44 3% by weight
After the induction step, the seeds are sown on 2 sowing

simulator as described below.

A simulation of sowing is made on cootrol and test
samples by spreading seeds out in a layer on the bottom of
a plastic tray and placing it in a fytotron (commercially
available from Van den Berg, Montfoortt, NL), conditioned
at 20° C. and 40% relative humidity. The box is shaken
regularly in order to simulate the vibration in the reservoir
of a sowing machine. At regular intervals a sample of seeds
is taken out of the tray. 1 g of the samaple is used for moisture
determination, and 2x50 seeds are sown in soil at 20° C.
Emergence of the seeds is checked after 14 days.

Table 8 shows the advantage of having induced desicca-
tion tolerance in the emerged radicle of pregerminated seeds
over pregerminated sceds ot having desiccation tolerant
emerged radicles.

EXAMPLES

Comparison between Fomato secds baving desiccation
wolerant emerged radicles and tomato seeds dried under
conventional methods.

50 g tomato seeds (F 7263, experimeantal variety of
Zaadunie BY) arc germinated in a column in 41 of aecated
water at 20° C. Afier three days germinated secds arc
selected and grouped as follows:
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Group 1: Control. 500 seeds are placed in still air at a
relative humidity of 40% and at a temperature of 20° C. for
7 days. Moisture content of the sceds is determined after 1
day and 7 days to be 6% by weight, respectively, Group 2:

Direct drying to 20% by weight for moisture comparison test.

against seeds of the invention.

500 seeds are placed in still air at @ relative humidity of
40% and at a temperature of 20° C. and rcmoved when the
moisture content reaches 20% by weight, after 6 hrs. The
seeds are then placed in a closed container for 7 days at a
temperature of 8§° C. After this period, seeds are subdivided
into two portions. One portion is placed onto moistened
blotting paper and permitted to imbibe water for 4 days at
25° C. The second portion of seeds is dried back in still air
at a relative humidity of 40% and at a temperature of 20° C,
10 a moisture content of 6%. Group 3: Seeds of the inven-
tion.

500 sceds are placed in a petri dish on filter paper
moistened in PEG-8000 (BP Chemicals) solution (324 gA, at
a water potential of —1.5 MPa determined 23 per example 1},
The petri dish is placed in a refridgerator for 7 days at 2
temperature of 8° C. to induce desiccation tolerance in the
seeds. At the end of the period moisture content of the seeds
is determined at 439 by weight. After this perdod, the seeds
are rinsed with distilled water, and seeds are subdivided into
two portions. One portion is placed onte moistened blotting
paper and permitted to imbibe water for 4 days at 25° C..T.he
second portion is dried back in still air at a relative humidity
of 40% and at a temperature of 20° C. to a moisture content
of 6%.

Sugar content of embryos is determined using the method
of example 1, on the portion of dred seeds from seed of
groups 2 and 3 and on seeds of group 1 after placing them
in water for 2 hours and excising 25 embryos per group.

All seed groups (2x100 sceds per group ) are placed on
moistened blotting paper and permitted to imbibe water for
4 days at 25° C. Regeneration of secondary roots is then
determined by counting. Results are shown in Table 9.

Table 9 shows that seeds of groups 2 and 3 are viable
before a drying treatment. After a drying treatment seed
viability of seeds of group 2 is comparable to that of sceds
of group 1 which are subjected also to a drying treatment,
however, the viability of seeds of the invention, group 3, is
higher. Seeds of group 3 are desiccation tolerant.

EXAMPLE 10

Induction of desiccation tolerance in germinated seeds of
Cucumber, Viola, and Petunia.

Seeds of cucumber (cv Alrads), Viola (cv Aurora yellow)
and Petunia (cv White Flash), all of Zaadunie BY, are
incubated on moisteaed filter paper at 20° C. in petri dishes
enclosed in a box. Int all cases, 250 secds from each species
having protruding radicles are selected after 3 days. Seeds of
controls arc immediately dried in stll air at a RH of 40% and
temperature of 20° C. Seeds of the test samples are mcu
bated on blotting paper moistened with 2 PEG-8000 sclution
(324 g/, at —1.5 MPa, determined as per example 1) for 7
days at 8° C. in a petri-dish uader similar coodidons as
described in example 9 to induce desiccation tolerance in the
radicle. The sceds are thea rinsed in distifled water, Moisture
contents after the induction step for cucumber, viola, _zmd
petnia are determined at 46%, 44% and 41% by wc.tght
respectively. The test samples are thea dried in sull air at
40% RH and 20° C. for 24 bours. 50 dred secds arc
incubated on blotting paper moistened with water, at an

14
ambient temperature of 25° C, and the development of
seedlings is assessed after 14 days. -
The sucrose content in cucumber 2xis and in viola
ermbryos is determined using standard procedures (Boe-
hringer-Mannheim supra) before the start of, and at the end

. of the incubation period. Results are shown in Table 10,
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Table 10 shows a marked increase in the percentage of

seedlings obtained from germinated seeds subjected to a
desiccation tolerance treatment.

EXAMPLE 11

Induction of desiccation tolerance in the radicle of Cyclé—
men.

20 g of Cyclamen (cv. Marion, Zaadunie BY) are germi-
nated in a column in 4 1 of aerated water in the dark at 18°
C. After T days 500 seeds are selected at a stage where it is
clear that the radicles enclosed in endosperm are protruded
from the seed coat i.e. the endosperm bulges out of the seed
coat but radicle protrusion from the endosperm is not .
apparent. Sceds at this stage are either directly dried in still
air at 409% RH and 20° C. (contrels) or seeds (tests) are first
incubated before drying in a peuri dish with bloting paper
moistened with 2 PEG-8000 solution at water potential of
—1.5 MPa for 7 days following a similar procedure 1o that of
Group 3 seeds of example 9, in order to induce desiccation
tolerance in the emerged radicle. Moisture content of seads
is determined at the end of the induction period at 42% by
weight. '

After drying, 100 seeds of coatrol and 100 test seeds are
germinated on soil in the dark at a temperature of 187 C. The
percentage of seedlings is determined 3 weeks after sowing.

Tue results in Table 11 show that seedling development
increases markedly when drying is preceded by an incuba-
tion peded. '

EXAMPLE 12

Induction of desiccation tolerance in pregerminated Cap-
sicurn seeds.

5 g of Capsicum szeds (cv Astrion, Zaadunie BV) are
incubated in a 4 1 column in aerated water at 20° C, for 5
days. Germinated seeds are selected by band, and divided
into three portions of 100 seeds each. One portion is placed
on a petd dish and dried in still air at 40% Pa, and 20° C,,
to a final seed moisture content of 7%. A second portion is
incubated in a petri-dish on fileer paper soaked with a
solution of PEG-8000 (324 g/l at —~1.5 MPa) for 7 days to
induce desiccation tolerance in the emerged radicle. Mois-
ture content of the seeds is determined at 45% by weight
Seeds are then dried under the same couditions as the first
portion. The third portion is incubated in a PEG-8000
solution of ~1,5 MPa for 7 days, containing indole butyric
acid (IBA) at a corncentration of 10 uM, to induce desicca-
tion tolerance in the emerged radicle. Moisture content of
the seeds is determined at 45% by weight. The seeds are then
dried under the same conditions as for portion 2.

The dry seeds are incubated on moistened filter paper in
closed containers for 8 days at a temperature of 25° C., and
the percentage of sceds showing regrowth of the pdmary
root recorded after 3 days. The percentage of seeds baving
primary andfor sccondary roots is recorded afier 8 days.
Results shown in Table 12 indicaie that germinated Capsi-
cum seeds subjected o a desiceation step, survive desicca-
tion conditions and show regrowth of the primary root
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and/or secondary root fo_rmation. Viability of the root is Table 14 shows that during incubation the sucrosc content
enhanced after IBA addition, in the radicles rises markedly ‘as does sucrosc in the coty-
EX AME;LE 13 ledons. Desiccation tolerance of germinated seeds rises in -

. s parallel with elevating sucrose content.
Survival of pdmary roots and growth of sccondary roots )
from the hypocotyl region in tomato depends on fength of TABLE 1
the radicle, induction of desiccation tolerance in the radicle.

10 g secds of tomato {(cv. Elena, Zzadunic BY) arc
fncubated on top of moistened Rlter paper at 20 © C. in the

Emergence before and after deying. sucrose
content in Impatiens seeds. after diffzrenl teatments.

1g

light for 2 days. Half of the seeds arc further incubated on emergence eerzencs

filter paper soaked in 2 solution of 136 uM Paclobutrazol, (a before after sucrose
synthetic gibberellin biosynthesis inhibitor, comumercially _lcnid\ of desiccation desiceuion content befae
available from ICI Ple) at 25° C. The remaining seeds are incubation (maisture (molsturs dasiccation

. k - treatmeatt (d o 4% 25t 5% ig
further incubated on moistened filter paper at 25° C. in the @ et HE)  comeat 3R] (% of dhy weigho

light. 600 germinated seeds having emerged radicles are 15 o 98 1 08
selected after 1 day of incubating at 25 ° C. A selection of i 91 7 11
100 seeds having emerged radicles of 0.5-1.5 mm, and of 2 98 42 20
100 sceds having emerged radicles of 1.5-2.5 mm is‘made. P gg 4 24
Selected seeds are either immediately dried in still air at 20° 37
C., 40% R.H. for 24 hours to a firial seed moisture content 20

of 6% (control), or subjected to 2 treatment on filter paper

moistencd with a PEG-8000 solution (324 gﬂl; —1.5 MPa) at TABLE 2

8° C. for 6 days to induce desiccation tolerance in the Induct e S

emerged radicle?’Moismrc content is determined at 46% by npcr?;:n Rmél:af:::‘w E;n?gd:‘;?
weight. Seeds are then dried in sdll air under the same o4 {days) . {% of dry weight) (%

conditions as for coatrol seeds to the same final seed

moisture content. After drying. seeds are sown oa top of H 1.5¢ 60
moistened filter paper in closed containers at 25° C., in the 1 i o
light. Survival of the primary root is determined visually 6 163 39
after 3 days. Survival is defined as primary roots showing no
visible damage and continued growth. Secondary 100t for- ¥
mation from an hypocotyl region is measured after 7 days. TABLE 3
Table 13 shows that many emerged radicles die upon
desiccation, but damage {s more severe when the rac}icles are by Su;ns: D%?:nx e
longer in length 2t the time of selection. Table 11 further "3 wr Lrzg TRence
shogws that ingduction of desiccation tolerance results in an 3 Teeatment Rase () ()
increase in survival of primary roots and a stimulation of direct dow 452 96
secondary root formation. Treatment with Paclobutrazol drying medium 264 30
results in a still higher survival of primary roots. fne fast 132 1
?ﬁbmon) 1 5.08 98
H slow R
EXAMPLE 14 ag SO ol s o
Incubation of germinated Impatiens seeds in PEG results g fast 476 9
in increases in sucrose content int cotyledons and radicles
(hypocotyls) and increased desiccation tolerance.
10 g of seceds of Im.paticns {cv. Impulse orange, Zzadupie 44 TABLE 4
BY) are germinated in 2 column containing 4 1 of aerated
water at 20° C. After three days 1600 germinated seeds are Numiper of pregerminated treated bopaticns sceds ont
selected. 400 seeds (controls) are dried immediately in still of 100 which form sccondary roots 3= 14 days of incubation
air of 20° C. and 40% RH, and moisure couti%to determined : 2¢ 257 C. oa moisiered fitr paper.
at 5% by weight, after 24 hours. 3 batches of seeds each .
are incubated o0 blotting paper moistened with a solution of ¥ Home sord 4 8 C, somd 3t 20 <
PEG-8000 (324 g/i, water potential at—1.5 MPa) 2t 8° C.,in peried ot bt ot
separate closed boxes for incubation periods of 1, 2 0or 3 (months)  cul 1 2 e al 1 2 ave
days. After incubation, sceds are rinsed in distilled water and
blotted dry. Samples of each weatment (tests and coatrols) I 3‘; o Igg 33 9% 9 % 33
then undergo a sucrose determination: for each test and 35 2 5 100 100 10 — 98 97 57
control 25 cotyledon pairs 2nd 100 radicles {hypocotyls) are 3 20 95 99 ¥ — %4 85 84
assessed. Remaining seeds are dried to 2 moisture content of 4 0 96 9 - - = =
5% following the same procedure as for controls. Desicca- 5 - W % 98
Son tolerance of dried seeds is assessed by sowing 250 ‘.'5, - gg ';’) ?rf

seeds from each test and control on top of paper in the light ¢
at a temperature of 25° C. The percentage of geeds which — = not aengpred
develop into scedlings is assessed 14 days afier sowing.
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TABLE 5a ) TABLE 8
Germination test oa paper for seeds stored a1 5 or Time on Sceds with Des
19.6% moisture content sowing Non-treated (oL, emerged .
. 5 simulater saeds radicles
% seedlings with sec % seedlings with see
roats. Seeds stored roots Seeds stored {ruing) % moisture emersenc % moi
storage at 5% at 19.6% senee malsture  emergence
period moisturs content moisture corient i} 459 96 43 95
30 327 97 337 94
(wecks)  -20°C. 8°C. 20°C. -20°C. 8'C. 20°C. g 60 19.8 97 213 93
. 120 80 65 8.1 93
0 —_ 99 —_— - 99 — 180 6.1 63 6.5 93
4 59 100 100 1 ¢ 0 240 6.7 50 57 o1
7 98 100 98 4] ] 0
9 98 100 9 [ ¢ [{]
13 93 o8 98 — — — s
18 100 9 99 - — —
24 92 93 90 — - —_
- TABLE 9
% of seeds showing
TABLE 5b 20 % of seeds showing secondary root .
Germination test on soil for secds stored at 5% ar roat elangation formation 7 days/ susTose
19.6% moisture content at different temperaures 7 days/3° CH4 days 8° C/4 days water content
water imbibitdon imbititan. (ug/
% secdlings % seedlings tredtmeat (no drying) {with drying) embrya)
storage (5% moisturc (19.6% moisture G ]
period coatent) content) 2 roup - 0 386
- Growp 2 98 16 184
(weeks) -20°C, 8 C 22°C. -20°C. 8C 20°C Group 3 100 100 526
0 _— 97 — _— 96 —
5 95 93 95 0 ) 0
7 98 97 97 —_— _ — 10
9 97 95 96 - —_ —
13 94 9% 9t - _ - TABLE 10
18 93 94 8s — —_ _
24 92 F:44 73 0 Q [¢] R % seedlings % seedlings % Sucrose % Sucrose
specics Untreated Trcated Before Afer
35 cucumber g 100 3.17 1055
TABLE 6 viola 3 94 3.70 634
- petimia g 93 — not
% sezdlings for o seedlings for datermined
storage seeds storsd at 5% seeds stored at 21.6%
peried foistwrs ¢oatent moisturs coctent
40
(weeks) =20°C. 8¢ W C =20* C, 8*C. 20°C
0 - 90 — —_ 89 —
2 —_ %0 — — 49— TABLE 11
8 93 9t 95 12 2 2
12 50 %0 %0 2 4 0 i reatment so:;ngs % nom-emerged .
16 91 91 93 2 1 0 seeds
24 o4 94 93 - - — Coamol o P
Test 94 3
TABLE 7 %
Porceange of plmes obtxined after sowing treated
Brusscls sprouts sceds in soil TABLE 12
seads at 20.9% seeds at 5% % seeds with regrowth % sceds with primary
storage seed motsture seed moisame of primary root andfor sccondary roots
period storage temperure CC) storage lewperatre *C) 55 Treasment after 3 dayy after 8 days
(wonths)  ~20 8 20 -20 8 20 Pordon 1 10 25
{Contral)
0 %4 b 94 92 92 92 Pertion 2 54 20
1 M 78 2 94 90 26 Portcn 3 by %
2 20 T4 4 9 P %«
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TABLE 13
" Length of emerged radicle
0.5-1.5 mm 1.5-2.5 mm
Secondary Secondary
oot mo
formation formation
Primary from Primary from
oot tiypocatyl roat hypocatyl
survival fegion survival region

3 days) (7 days) (3 days) (7 days)

Contral 37 85 0 &4
PEG 97 100 37 100
Pacle- 97 100 83 100
butrazol
plus PEG

TABLE 14

Percentzge of secds develogiag inte seedliags
{4 days after sowing.

(% of dry weight)

hypocotyl cotyledon
sucrose SucTose %
treatmant content content seedlings
coatrol 0.70 0.57 2
14 PEG 4.23 1.93 68
24 PEG 4.82 2.15 5
54 PEG 740 2.74 96

We claim:

1. Pregerminated seeds comprising desiccation tolerant
cmerged radicles wherein the emerged radicles contain
elevated levels of sucrose relative to non-desiccation toler-
ant emerged radicles of the same plant species and wherein
said desiccation tolerant seeds have an overall moisture
content in the range of about 35% to about 55% by weight
of the seeds and are capable of resuming growth when
planted. o

2. Pregerminated seeds according to claim 1 wherein said
sceds have been stored at ambieat storage conditions.

3. Pregerminated seeds comprising desiccation tolerant
emerged radicles wherein the cmerged radicles contan
elevated levels of sucrose telative to noo-desiccation toler-
ant emerged radicles of the same plant species and the
moisture content of said desiccation tolerant seeds lies in the
range of about 4% to about 12% by weight of the seeds and
are capable of resuming growth when planted. .

4. Pregerminated seeds according to claim 1 wherein the
seeds are selected from plants of the group consist}ng of
Alljums, Antirrhinums, Begonias, Brassicaceae, Capsicums,
Cucurbitaceae, Lycopersicons, Cyclamess, Betas, Dian-
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thuses, Gazanias, Gerberas, Impaticns, Lobelias, Nicotianas,
Pelargoniums, Petunias, Phloxes, Primulas, Raphanuscs,
Salvias, Solanums, Tagetes, Verbenas, Vincas, Violas, Api-
ums, Chicodums, Daucuses and Zinnias.

5. Pregerminated seeds” according to claim 1 further
comprising a seed coating.

6. Pregerminated secds according to claim ! wherein the
desiccation tolerance is located in the hypocotyl region of
the radicle.

7. Pregerminated seeds according to claim 3 wherein the
seeds are selected from the group coasisting of, Allium,
Antirthinums, Begonias, Brassicaceeae, Capsicums, Cucur-
bitaceae, Lycapersicons, Cyclamens, Betas, Dianthuses,
Gazanias, Gerberas, Impatiens, Lobelias, Nicotianas, Pelar-
goniums, Petunias, Phloxes, Primulas, Raphanuses. Salvias,
Solanums, Tagetas, Verbenas, Vincas, Apiums, Chicoriums,
Daucuses;~and Violas.

8. Pregerminated seeds according to ¢laim 3 further:

comprising a seed coating,

9. Pregerminated sceds according to claim 3 wherein the

seeds are Impatiens seeds.

10. Pregerminated seeds according to claim 3 wherein the
seeds are Pansy seeds.

11. Pregerminated seeds comprising desiceation tolerant
emerged radicles and having an overall moisture content in
the range of about 35% to about 55% by weight of the sced
wherein the embryos of the seed have an elevated sucrose
level relative to the embryos of pregerminated seeds with
non-desiccation tolerant emerged radicles of the same plant
species.

12. Pregerminated seeds comprising desiccation tolerant
emerged radicles wherein the moisture content of said seeds
is in the range of about 4% to about 12% wherein the
embryos of the desiccation tolerant seeds have an elevated
sucrose level relative to the embryos of pregerminated seeds
with non-desiccation tolerant emerged radicles of the same
plant species. :

13. Pregerminated seeds according to claim 11 wherein
the seeds are salaried from the group of seeds consisting of
Impatiens, Viola, Pansy and Cyclamen.

14. Pregerminated seeds according to claim 12 wherein
the seeds are selected from the group of seeds consisting of
Impatiens, Viola, Pansy and Cyclamen.

15. Pregerminated seeds according to claim 1 wherein the
seads are Impatiens seeds. )

16. Pregerminated seeds according to claim 3 wherein
said seeds have been stored at ambient storage conditions.

17. Pregerminated seeds according to elaim 3 wherein the
desiccation tolerance is located in the hypocotyl region of
the radicle.
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