MR. HALWARD: I would like to mention the names ol the
[ellow Canadian mcmbers who contributed information to this paper:
Mr. Constant deGroot of the Sheridan Nurseries, Jens Pederson from
Rose Arbor Industries, Oakville: Witham Vanderkruk, from Water-
down, John Cannon Nurseries; George leiss from lLrindale; Robert
Flemig, Vineland Experiment Station and also Louie Forester froni
the Rovyal Botan:ical Gardens, Hamilton. It 1t hadn’t been for these
lellows, I wouldn’t be up here rodav.

MODERATOR LEACH: Gentlemen, we are lar enough be-
hind schedule that T am afraid we are going to have to track down
My, Mackay and Mr. Halward m the recess that is coming up in a
moment and address your questions to them personally. In the mean-
time I want to thank Dr. Widmoyer, Prolessor McDantel, Mr. Davis,
Mr. Jaynes. and Mr. Mackav and Mr. Halward, lor their fine contri-
butions this morning. |

The next session on the program this morning relates to the
propagation ol Plants by Seeds. The tirst speaker 1s Ken Reisch, of the
Department ol Horticulture in Ohio State University, who will talk
on Alter Ripening as Related to Germination and Seedling Growth.

AFTER RIPENING AS RELATED TO GERMINATION

AND SEEDLING GROWTH
K. W. REIscH

Department of Hovticultwre
Ohio Agricultural Experiment Stalion
Wooster, Ohio

Seeds of many plant species do not germinate readily for various
reasons or combinations ol reasons and to introduce the sul)ject I will
dehime some common terms re]ming L0 Lhis.

Seed Dormancy 1s an all inclusive term indicating that seed will
not germinate and produce seedlings due to unfavorable environ-

mental or internal conditions (the inhibitory [actors may be external.
mternal or a combination of both).

Quiescence relates to the fact that seed will not germinate and
produce seedlings due to untavorable external conditions. Contri-
buting factors arc moisture, temperature, oxygen, light, or others such
as pH, nutrients, carbon dioxide, or toxic conditions. This can be
overcome by simply supplving the contributing factors at optimum
lor germination.

Rest or Internal Doymancy describes the situation where seed
will not gernunate and produce seedlings due to unfavorable factors
or conditions specific to the seed. These may be classilied in the fol-
lowimg eight areas. Seed coat, endosperm, embrvo development.
cmbryo rest, epicotyl rest, root and epicotyl rest, cotyledons, and com-
binations ol these. The inhibitory action of these lactors or condi-
Lions can be overcome by seed coat treatments, turnishing food mate-
rrals, cold temperatures, warm temperatures, combinations of warm
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and cold temperatures, the use ol light, leaching, and possible chemi-
cal treatments.

After Ripening is basically a series of physiological or chemical
changes occurring within the seed which bring to a close the rest
seriod and make germination possible.  Conditions favoring alter-
ipening include cold temperature, warm temperature, alternating
emperatures, ample oxygen, moist stratification and probably hght.

Important changes which have been found to occur n some
seed during alter ripening are increascd water holding capacity, 1n-
creased acidity, increased enzvme activity (specilically catalase, pe-
rioxidase, and oxidase) , increase mn sugar content, decrease i [at con-
tent, translocation ol food materials [rom endosperm to embryo, In-
crease in respiration,and in increase in the vigor of the seed which 1s
helieved to reduce susceptibility to fungal mcidence.

Manv workers have studied these problems, although much of
the research dates back manv vears. An excellent review ol the sub-
tect of seed dormancy was presented bv Dr. Dale Kester at the first
Western Propagator’s Conlerence in 1960 and [ refer you to his thor-
ough article in the 1960 Proceedings of the Plant Propagator’s So-
cietv. Because of this, the material in this paper will be restricted
o one aspect of dormancy which is very perplexing and at the same
time somewhat fascinating.

This relates to epicotyl rest. which is a major factor giving rise
to many so-called two vear seed. The epic work on this subject dates
hack to 1938 when Barton (3) reported that seed of Trece Peony
exhibited epicotvl dormancy and that seed planted outdoors in May,
lune or July did not give good seedling production until the follow-
ing spring. She indicated that il carlier production was desired 1t
was necessary to sow seeds in flats and hold them n a warm green-
house for three months until root production was complete and then
transfer the flats to temperatures of 1-10°C for 214 to & months to
overcome epicotyl dormancy and then..again to a greenhouse, at
which time shoots grew. |

Epicotyl dormancy or correctly, epicotvl rest, simply relers to the
fact that the terminal erowing point of the embryo will not grow un-
less special treatment is given to overcome the rest condition.  Seeds
with this type of rest arc unique in that only the radicle or root will
crow under warm stratification, and a further cold treatment 1s neces-
sary _to overcome the rest of the epicotvl. If the latter treatment. 1s
not given, the root will continue to grow until the food supply 1s ex-
hausted and the seed dics. Some hypotheses have been proposed to
explain this phenomenon and several workers mdicated that the mnhi-
bition in Viburnum sced may be seated m the cotyledons, the waxy
coat, or in the integument: however, to my knowledge, no one has
cver discovered a proven satisfactory explanation for epicotyl rest.

Reports on research, much of 1t from the Boyce Thompson In-
stitute, have described seeds of a number of plant types having epi-
cotyl rest m addition to the Tree Pconies mentioned carlier. In 1956
Barton (1) reported that seed of six lily species required warm plus
cold temperature stratilication to produce seedlings. Fordham (8)
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speaking at the Plant Propagator’s Society Meeting in 1960 pointed
out that this type of dormancy cxisted on Chionanthus retusus and
Davidia involucrata. Barton (1) in a later work, also included in
this category seed ol Asarum canadense, Sanguinaria canadensis, Poly-
gonatum commutatim, Trillium granditlorum, and Caulophyllum
thalictroides. She indicated that another, morc complex condition,
was found n the Trillium -and Caulophyllum seed, where both roots
and epicotyl are dormant and two scparate cold treatments were neces-
sary to bring about scedling production.  After working with Con-
vallarta. majalis and Smilacina raccmosa, Barton and Schroeder (6)
reported another unique and dilterent aspect. Low temperature
treatment was required for shoot growth alter root growth had oc-
curred. However, 1t was only ellective if given after the shoot had
started to grow and had broken through the cotyledonary sheath.
T'he recommended trecatments were given as follows. Three months
at cold temperaturc to after ripen the partially dormant roots; two
months at greenhouse temperature to grow the root system and de-
velop the hirst leaves: three to five months at cold temperature to
after ripen the shoot bud: and then a transier to the greenhouse for
seedling production.

Studies with Viburnum have probably been ol greatest mterest
to the woody plant propagator and to review briefly I refer to Giers-
bach’s (9) original work in 1937. She indicated that seed of some
Viburnum species such as nudum and scabrellum offered no germina-
tion problems but that seed ol V. acerifolium, dilatatum, lentago,
opulus, prunifolium, and rufidulum, had to be exposed to warm
temperature stratification for germination and root development, fol-
lowed by a cold period to force epicotyl development. This work
was reviewed by Barton (2) i the 8th Annual Proceedings of the
Plant Propagator’s Society.

Fordham (8) rceported that five months warm stratification
treatment on seed ol Viburnum sargenti flavum was more than neces-
sary lor radical emergence and that the seed could have been placed
in the cold temperaturc treatment after three months.

Smith (10) found that maximum germination of Viburnum
lantana occurred alter fifty-six days treatment at 40° F. He also
noted that percentages as high as 47 per cent germination occurred
after only 14 days of 40° F storage. The recommendations in the
Woody Plant Seed Manual (11) indicate considerable variation be-
tween treatments for different Viburnum species, however, the basic
treatment 1s stratiflication at warm temperature ol approximately
7/0° F, or possibly lluctuating warm temperaturcs, followed by a stor-
age period at cold temperature ol approximately 40° F. The other
alternative recommended 1s o sow seed outdoors in the spring or
carly enough in the summer so that sixty warm days will elapse before
winter. Seedling production will occur the lolowing spring.

Barton and Chandler (5) lound that gibberellic acid was effec-
tive 1in overcoming cpicotyl rest of T'ree Peony, replacing the need lor
low temperature trcatment, however, they indicated that abnormal
ocrowth with spindly stems and small leaves resulted.
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The use ol controlled storage temperature treatment raises some
practical problems. [f, as Barton indicated at the 1958 meeting of
the Plant Propagator’s Society (2), the radicle must protrude belore
the cold trcatment 1s given, the seed should be sown in flats and car-
ried through the treatments i this wayv. I this is not done the radicle
will be broken ofl when the seeds arc sown after the warm tempera-
ture treatment. On the basis of obscrvations by Chadwick (7), this
may not be an absolute rule with most spectes of Viburnum, since
some types appeared to produce epicotvls even though radicles were
not protruding at the time of exposure to cold temperature.

Research with Viburnum seed was begun at the Ohio Agricultur-
al Expermment Station in 1961. The results at this time arc only ol
the most preliminary nature, however, some ol thec general obsetrva-
tions will be presented. The primary objective of the research was to
determine whether 1t 1s absolutely necessary that the radicle ot Vi-
burnum seed protrude belore the cold temperature treatment will be
eltecuve, and also to study in greater detatl the elongation ol the
embryo. Species studied included V. dentatum, latana, lentago, opu-
lus, dilatatum setigerum, and trilobum. The treatments were 1, con-
trol — greenhouse; 2, 70° F stonage only; 3, 40°k storage only; 4,
70°F storage lollowed by 40°F storage for varying periods ranging
[rom six weeks to fifteen weeks.

General observations of results to-date include the Iollowing-

Germination of Viburnum lantana seed was very low, however,
after no warm treatment and ten weeks ot 40°F trecatment, fifteen per-
cent of the seed which germinated produced seedhings.  Smith  (10)
indicated this mm earlier work and 1t appears that V. lantana may be
one ol the exceptions to the rule that the radicle must protrude be-
fore seedling production will result.

No benelit was found from re-exposure to cold temperature treat-
ments 1l these were interrupted with a warm temperature.  This sup-
ports results ol earier work indicating that the cold treatment eflects
are not addiuve.  In some nstances 1t appeared that the total period
i warm temperature stratitication plus the cold temperature treat-
ments may be as important as the time in each mdividual tempera-
ture treatment. Measurements ol the embrvo — radicle length ol
Viburnum trilobum seed indicated that m seed stratified at 70°F, the
radicle did not protrude until after cight weeks at which time the
length was approxmmately 5 mm. The embryo-radicle increased
gradually to approximately 20 mm at 12 weeks storage time and then
rapidly to over 37 mm. between the 12 and 13 week storage period.

With Viburnum trilobum seed stored at 11, 12 and 13 weeks at
70°F, radicle emergence increased, cmibryo-radicle length 1ncreased,
and ultimate epicotyl emergence incrcased with time. In contrast to
this, 8, 9, and 10 week pertads of 40°F treatment resulted in no in-
crease 1n radicle emergence, no increase in embryo-radicle length. and
an increase 1n epicotyl emergence with time.

These studies are being continued and f{inal results will be pub-
lished later.
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In summary, the germination problems with Viburmuim sced ap-
pear to be due to a number ol factors. There is considerable varia-
tion between species, variation between individual plant seed sources.
variation due to environmental effects, as well as variation due to the
time secd is collected. In this study, as in others, it was lound that
the use ol short periods i the warm and cold temperature treatments
resulted 1 Jow germination percentages: however, the lact that a
small percentage of seed did germinate, indicates a variation that
extsts even within individual seed [rom the same plant.
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MODERATOR LEACH: Thank vou, Dr. Reisch.

The subject of Stimulating Germination by Chemical and Me-
chanical Means has been divided into two discusstons, the first by
Thomas S. Pinncey, Jr., of Evergreen Nursery Company, Sturgeon Bay.
Wisconsin, who is going to talk to us about Commonly Propagated
Ornamentals.

STIMULATING GERMINATION OF SEED BY CHEMICAL
AND MECHANICAL MEANS
THoMASs S. PINNEY, JR.
Fvergreen Nursery Co.
Sturgeon Bay, Wisconsin

There have been a number ol techniques developed to overcome
the problem ol rest or internal dormancy ol various seeds.  Chemical
and mechanical treatments may be helptul in overcoming internal
dormancy that is caused by: (1) sced coat (1.e.) Gleditsia, Gymno-
cladus (2) hard endosperm which acts as a seed coat (re.) Tila and

by

(3) when seed co:iat 1s one of the lactors which contribute to the in-
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