CHAIRMAN HERB FOWLER In the stratilication ol cherr
seeds, Mahaleb and Mazsard, is it desirable to store the seeds moist

after harvest?

DR. KESTER: Apparently, cherry seeds have some problems n
cermination, more so than some ol the other Iruit species. It goes back
to the long stratilication time that 1s required. There is little question
that 1f you dry seeds out, you do not reduce viability, with cheiry or
any other of the ftruit tree seeds that are normally stratthied. Now
there is also experience ol some people that 1f you keep them moist, you
can crease percent germinauon. I think this goes back to the ques-
tion ol stratufication tme. However, holding seeds moist creates the
problem of storage. 1i you could dry them and stratily them at the
proper time, 1t would be much simpler handhng lor the nurseryman.
Cherry seeds require three or four months, at least, lor stratification,
possibly more and [ think 1t is a matter ol giving a required length ol

LIITC.

CHAIRMAN FOWLER: Is it possible to lower the temperature
o slow down gcrmination?

DR. KESTER: Yes, once they start to sprout, you can shitt the
seeds to lower temperature and slow down germmaton. We have done
this In our own experience.

Chairman Stoutemyer introduced Mr Dennison Morey, Director ol
Research, Jackson and Perking Company ol Calilornia, Pleasanton, Gali-
tornia, who discussed seed stratilication procedures with special regard
LO roOses.

SEED STRATIFICATION TECHNIQUES: WITH EMPHASIS ON ROSES
DeENNISON MOREY

Jackson and Perkins Company of California
Pleasanton, Califoinia

Several ol my more sophisticated [riends in the trade have asked
me what I felt this new society was going to accomplish. I think this 1s
a fair question 1 doubt that there is anyone who does not have trou-
ble finding the ume to get things done Few ol us have time for irivo-
lous affairs. T cannot blame anyone lor wanting to be sure we are going
to amount to something before mvesting much time in this embryonic
society. Unfortunately, I must confess to them that I don’t know what
we are going to accomplish. 1 do know what I think we can do and
should accomplish.  Frankly, T believe this group can contribute a great
deal to the stability and profitability of the nursery business

There arc two primary reasons lor my view. The hirst is that the
more dependable and economucal propagation becomes, the more pre-
dictable and prolitable production becomes. ‘I'he second reason i1s my
belicl that only through cooperative development ol knowledge and
tecchniques can we hopce to advance our methods {ast ecnough to keep
pace with the social and poliucal structure m which we operate and m
which we often lind ourselves at a serrous disadvantage.
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[ propose to illustrate the importance ol cooperation, haison, out-
group contacts, or whatever you wish to call joint cflorts at 1dea and
fact recruitment.

I fcel the most important thing we can do in an organization such
as this 15 to combine our encrgies m order to assemble 1deas and tech-
niques, ideas and techniques from which new gencral principles and
new spectlic methods can be generated.  As an illustration 1 will add
my own small grain ol sand to the dunes ol knowledge, something all
ot you can do as well as I and something you must do 1l we are to suc-
ceed.

Plant propagation texts ordinarily provide a general discussion ol
seed stratilication based upon an impressive amount of research and vari-
ous [ragments ol an cven more extensive experience. They also ordi-
narily give lists or tables ot techniques which have been used and lound
helptul  Some discuss principles from which new techniques may be
devised. However, it 15 scldom that the empirical way in which these
techniques have becn developed is noted and never is 1t pointed out that
a few simple experiments will often produce an improved technique.

We must all appreciate the lact that one or two men and one or
two books can only do so much. But by contrast, an association of the
sort we are working on here can fill a great many gaps in a hurry 1if we
cet orgamized.

The following is an example of what I believe anyone can do.

A formal delinition ol stratilication came to my attention recently
which provides a very good beginning It says, “stratitication is the pre-
treatment of seeds by stormg them in a moist medium and at carefully
controlled temperatures, to condition them for rapid germmation the
[ollowing spring 7 (Wells, 1958)

I do not feel that this delinition is quite as general on the one hand
nor as spccific as 1t needs to be for our purposes. | feel an “anything
coes’” approach 1s what we need. Personally, I should hike to see 1t put
something like this® “Stratification 1s the preplanting treatment of seeds
in 2 medium or under conditions which will enhance uniform and 1m-
mediate germination and growth upon planting.”

I do not want to put any conditions on the time at which treat-
ment is made, nor the factors involved in the treatment nor any restric-
tions on what tolerances are acceptable, nor in any way to prejudice
the design or interpretation of the techniques. Emphasis on tempera-
tures and controlled temperatures T believe are unfortunate. The com-
mon connotation associated with controlled temperature is controlled
constant temperatures which for purposes of seed stratification are, in
my experience, to be looked at with a very hishy eye See Lasn and
McCrory (4). Moreover, in my own experience the amount of control
required o go Irom effliciency of 809, in germination improvement by
means ol stratification to 95% 1s economically unfeasible T feel that
in general, rather generous limits are tolerable in temperature control
i stratification ol sceds and 1t behooves anyone with a germination
problem to run 2 lew crude cxperiments betore mvesting m any costly
control equipment. In short, much more would be [orthcoming by en-
couraging cveryone Lo try some sort ol stratilication on reluctant seeds
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and to report his experiences  In this way new mftormation would 1n-
crease rapidly. To give the mmpression that mvolved basic research s
the only source of progress, 1l basic research 15 dehined to mean care-
lully controlled expermments, will sce us Lail in our designs.

[ intend o show you what 1 think each ol us can do with the means
readily available to everyone and [ will ask the question now that I hope
we can answer optmustically and conhidently later  How much pro-
o1css would we sec in technique m just ten years tl everyone ran a lew
tests and told everyone else his expertences?

[ am gomg to describe to you a lew experiments ol the type to
which 1 reler which we have conducted [rom time to time at Lavermore.
[ must warn you lirst, however, that the most important thing to keep
m nund is that these techniques probably won't work lor other prob-
lems unul adapted through practical experience. They are oftered
primarily as a phtlosophy r)l approach and only seccondarilv as a source
ol data upon which onc might predicate general primciples which might
cventually help with other problens.

| shall not take the uume to trouble you with an extensive review
ol applicable literature. Critical references are menuoncd i the several
excellent texts on plant propagation espectally Hartman and Kester, pp
152-155  For thosc wishing to consult the literature, I can recommend
that you reler to this excellent source book  However, | would hike to
begin my story with a briel comment on the report of Von Abrams and
Hand (1)

[t has long been known that the sced produced m hybrid rosc
breeding varies tremendously m the degree to which 1t will germinate
without stratilication. Not only does each particular cross vary but
the same cross made 1 dillerent years will also vary. Von Abrams and
Hand have gone a long ways toward cxplaming this anomaly  They
showed that the temperatures prevailing during seed maturation arc
largely responsible for regulating the ability ol hybrid rose sceds to un-
dergo mmmediate germination.  They showed that 9 degrees Centigrade
(50° F) daily mecan temperature for the 30 days prior to seed harvest
resitlted m seeds which would germmate from 0-11Y, upon planting,
while at temperatures of 15 degrees Centigrade (60° F) daily mean lor
the thirty days prior to harvest, germimation ranged (rom 119, to nearly
709%. 'They also showed that seed from crosses with normally high ger-
mination responded most to the higher temperature and seed [rom
crosses that normally had a low germimation responded the least  An
carlict report by CGalvino (2) claimed no germination problems were
cncountered with hybrid rose seed produced at San Remo, Italy and
those of us acquainted with the 10se breeding program at Hemet, Cali-
lornta have tended to view the germmation claims ol Bob Lindqust
with almost as much doubt as envy though a look at his sced tlats 1y all
that 1s necded to substantiate s claims  His results as well as those ol
Calvino it the Von Abrams - Hand findings

Von Abrams and Hand also showed that by removing the testa and
pericarp refluctant germinators would germinate in high percentages,
also see Heit (0), Flenuon (7, 8) regardless of the maturation tempera-
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tures  These tindings certainly do little to tell us what the causes are
but they do suggest a tew things Lo try lor a cure

In my own work I have Been stratifying rose sceds for ten yeais.
Some curious events have becn observed mn that time which have been
helpiul in developing a frmtiul pomt of view  One ol these observa-
tions 1s that rose sceds will germinate in cold storage alter a certain
amount of stratilicavon as long as the temperature is above {reezing 1l
only tor even a tew hours each day This germination takes place only
atter a suitable period ol time has elapsed. This suitable period varies
with the seed lot but mn general, most sceds ol culuvated roses will ger-
minate m high ]Jelccnmgc by the [ourth month at 33°F It 1s olten
the case that the seed coat is not signtlicantly softened The radicle
will push its way out the end ol the achene leaving the cotyledons and
plumule llll])l‘IbOHC(l in the very hard, hirm, unyielding pericarp.

It 1s common knowledge that very ellective germination can be -
duced 1n Rosa multiflora seeds by cold treatment, but even betier ger-
mination may be induced by warm stratilication over a wide range ol
temperatures. Despite this, neither the ordinary cold, hot, mixed nor
occasionally eftective chemical treatments have any apparcnt eltect on
Rosa laevigala.

In handlmg: hybrid rose seeds a combmation treatment ol the type
described by Barton and Crocker (8) lor a Taxus secms to work best.
The effectiveness varies tremendously between seed lots, and the most
ellecuve temperatures for cach lot are ditferent. However, 1n general
initial temperatures ol over 90 degrees F. are most ellecuve and these
temperatures arc ditticult to obtain without special hecating m the green-
house becausc ol evaporative cooling ol the tlats. In roses we have got-
ten around this problem by permituing the ilats to dry out well beyond
optimal seedling growth levels until germmation has taken place.

The most important teature of all ol this 1t seems to me 15 that 1t
was done entirely incidentally to normal operations.  Lven so, we have
learned a few new tricks. Having done this much we wanted to reline
our knowledge and at the same tnne devise profitable echnques.

We decided to work with R canina seeds. This rose species 1s ex-
tensively used m Lurope as an understock in spite ol 1ts germunation
problems (two vears are olten necessary lor 509 germmaton). It 1y
rarely used i this country lor several reasons among them the germina-
tion difticulties The possibility that this mught prove to be a useful
understock m America, provided good uniform germination could be
assurcd seemed possible  We, therelore, undertook a series ol expert-
ments using R, canina to evaluate the relative mimportance ol the warm
initial stratilication and the subsequent cold one. We also tried to
determine optumum tervals At the same time we hoped to Lind oult
how to handle R canmina at the commercial level. [t appears that m
both the warm and cold treatments there are optimal intervais and
optimal temperatures Moreover, this bastc warm-cold pattern seems to
work on other materials collected m Cahlornia including Malus, Jug-
lans, Prunus, Cornus, Magnolia, and Fraximmus In the case ol Rosa
canina, the optimal intervals and temperatures are: 80 degrees F for two
months followed by three months at 40 degrees F.
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Thesc observations should be sullicient for me to make the pomt
which I wish to make here

There are very lew problems which cannot be helped by recoursc
t6 lundamental research and lundamental biological knowledge but
there are very few applicatons to which such research and knowledge
may be put without ntelhigent practical experience. Very olten ob-
servations made during the course ol trial and error cxperimentation
have led to major discoveries in biology, e.g. day length response, growth
hormones, ctc.

It 140 people would pool their accumulations ol Iragmentary data
and cursory observation, the total would undoubtedly be valuable (o
all and in all probability result in progress that would seem little short
ol miraculous.

Sumply because a picce ol experience is incomplete and not worth
writing up or publishing, doesn’t mean it may not be the keystone ol a
most vital arch, which when combinced with the other pieces ol the
whole can make a mughty impressive structure.

It 1s my behiel that if there 1s any one general principle involved
in plant propagation 1t is this: significant progress will only be made
when all possible knowledge is brought to bear in the most eitective
way. No one 15 apt to quibble with me on that. The problem 15 1m-
plementation. In connection with plant propagation I am convinced
that this objective can best be achieved by bringing all observations re-
oardless ol how minor, into a common pool of knowledge.

I can best 1llustrate this pomte by regressing to the handling ol
multillora and canma seed.

When a germination problem is encountered stratification 1s ordi-
nartly oncs first thought. However, the most ellective temperatures
and intervals for a new material are olten unknown. R multifiora
was once in this state  Strattfication of multillora seed was variable
ellicacy mm carly trials and poor germination a serious handicap. Alter
the work ol Crocker and Barton (9), R. inultiflora germination ceased
to be a problem except lor the time and cold storage space needed to
achieve 1t. However, the practical man soon tound that mululiora
sced gave perfect germination with only warm straulication and that
the warm stratilication could be done immediately belore the desired
planting ume In contrast to this, R. canma gives optimuim germinas-
tion only alter both a warm and a cold stratiticauon. At the moment
it seems that R. laevigata does not appear to respond to either heat or
cold but only to time, three years being required to ellect germination

There are, ol course, a multitude ol similar examples. To my
mind the essential consideration is this.  All mlormation about the re-
sponse of plants to ther environment cspecially new mtormation, 1s of
mportance to the plant propagator. This 1s true whether the mforma-
tion deals with response to natural or ordinary events or to new and
strange chemicals or conditions. The hazzard lies 1 anyone ol us
thinking that his observations are unscientilic and ol no mportance
In my opinion, the worst thing that can happen to a new piece ol -
lormation 1s to have 1t hidden away or perhaps having a prescription
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lor its practical application attached to 1t, but this 1s another matter.
The greatest benefits will in my opmion be realized if all mformation
whatsoever 15 presented to a receptive common sense audience with no
preconceived strings attached. The 1esults will be progress and prolits.

It 1s my observation and cxperience that regardless ol how well one
studies another man’s techniques, his own success with the same mate-
rials is rarely as great in the begmning as he hoped but without the
basic 1dea, there would have been no beginning. Moreover, it has been
my experience that when a new project 1s begun, regardless ot how well
it 15 prepared and exccuted, its success mvariably mcreases as time goes
on  The pomt is that the application ot new methods and ideas be-
comes more ellective and most rapidly ellective in actual application
than in any other way.

This puts a considerable butden on the practicioner. He must
locate enough bits to begm and then hope tor the best He must en-
courage and be receptive to all new knowledge concerning plants and
he must make every cliort to obtaim and develop this knowledge. |
hope that I have demonstrated that it behooves us all to give such lacts
as we may possess, to state what these facts mean to us all 1n as general
terms as possible, being at the same time specilic enough to show exact-
ly what has been accomplishd with the new information. When a re-
port on a practical technique has been given, everyone should be en-
couraged (o comment, especially our scientilic friends so that we may
determine as nearly as possible why the new method works better than
the old and what additional basic facts are known which night make 1t
work cven better '

I have described the results ot Von Abrams and Hand (1). Ther
Limdings mdicate the critical facter 1 Hybrid rose seeds 1s associated
with the mner mtegument. Whether or not permeability or an auxin
cliect 15 responsible lor the dormancy i1s not known. There may be
something entirely new involved. Whatever 1s responsible, it can be
mactivated by high temperatures thirty days prior Lo harvest, by post-
harvest warm treatments (at least in some cases), or by cold stratifica-
tton of 60 to 90 days at 35 to 40 degrees F. except mn the case ol R.
luemgata, which does not germmate well unul held tor two or three
years despite combined warm, cold, dry, wet, alternating, undulating.
eLc., etc. treatments.

In connection with this problem my own thoughts for the future
are considerably intluenced by Went's (5) 1deas on dormancy 1n desert
annuals and by the general occurrence ol environmentally controlled
balanced hormone systems 1n plants. This, 1 trust, indicates how lar
ahield an idea can be and still provide a signpost.

[t scems to me that we have been looking at the role ol the seed-
coat in dormancy in reverse.  Instead ol keeping water out, which 1t
does mdeed do, the real function 1s to keep certain substances which
imduce dormancy within the seed. By reorienting ones thinking in view
ol this theory new possibilities arise and new progress ensues. T'he 1mm-
portant poimnt is that if this should be true it can only serve once again

to prove the blind hog can find acorns.
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CHAIRMAN HERB FOWLER. When rose seedlings are taken
trom cold storage, under what temperature and hunudity conditions are

they placed?

MR MOREY: The seeds are planted in seed [ats with a mixture
of halt Georgia peat and hall sand. The flats are put in cold storage
until the seeds begin to germinate. They are removed to the green-
house and whatever the temperature and humidity happen to be are
the ones that the scedlings grow I only maintain enough heat to
keep the Irost out ol the greenhouses. Temperature and humidity arc
not too critical. The bad thing 1s the hot weather in the summer.
Germination should be all tinished and the seedlings pricked otl by the
end ot May or you will be in trouble

Chairman Stoutemyer introduced Mr. William Sruke, Stuke’s Nurs-
¢y, Gridley, Calilornia.



