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INTRODUCTION

The germination ol a sced and a seedlings subsequent growth arc
two ol natures most lascinating and complex phenomena In the prop-
agation ol Picea by seed, as 1s true with other plants, this process ot
germination is of utmost importance Over a long period ol time plant
propagators have developed many cultural practices designed to regulate
the germination ol a seed and 1ts subsequent development. The cul-
tural practices described 1n this paper may not agree with all the very
latest scientilic findings on the subjcct, since the practices discussed are
based upon ones actually used at the Evergreen Nursery imn Northwestern
Wisconsin ~ They have been developed over the past 92 years by con-
tinual study ot scientific and commercaial findings along with our own
experience. Further, the discussion which lollows 1s limited to those
Picea specics and varieties commonly grown trom seed by our nursery.
Picea abies, Picca pungens glauca, Picea glauca and Picea glauca den-
sata. 'The propagation of Picea by sced 1s hmited to those species and
varieties which do not require asexual reproduction Propagation by
seed 1s almost always used whenever it 1s possible since it is considerably
cheaper than other methods.

SELLD

In almost every discussion of propagation by seed, the mmportance
of good seed selection 1s emphasized. Stressing the fact that it is im-
portant to sccure high quality seed is an excellent i1dea, although the
actual problem of securing this type ot seed i1s often diflicult and ex-
asperating. We find 1t necessary to have seed sources in Japan and
Europe as well as the United States. Since the source of seed has be-
come 1ncreasingly mmportant in this phase ol propagation, the lield ol
genetics also has become more important 1 helping to solve some ol
the problems in seed source and sclection. Good seed dealers take a
great deal ol care to select the type of seed which is desired by the cus-
tomer. Once the concs have been collected it is necessary to have a
very strict labeling procedure, since this will be the only sure means ol
identilication between strains of the same varietues and species. Very
often 1t is necessary to buy seed for two or three or more years in ad-
vance when there 1s a good crop, since the next yvear (s) the crop may
be rather poor. The Picea which we are discussing may all be stored
in sealed containers at 40 degrees Fahrenheit tor a maximum of five
years without a great deal ol loss 1in germination percentage White
spruce, Black Hills spruce and Colorado Blue spruce can often be kept
even longer than this.  Generally we do not store our seeds for periods
longer than three years.

It 15 an excellent 1dea to run a germination test or a cutting test
on the seed you plan to sow. We usually run a cutting test, and where
we obtain sced frem sources that we are not too familiar with, we will
also have a germination test made for us. A cutting test 1s by no means a
sure indication ol whether or not the seed will germinate, since it is hard
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to pick out weak embryos and rancid seed. Generally the actual ger-
mination will be between 10 to 209, lower than the cutting test imdi-
cates. The advantage of this test 1s that it 1s very last and can be per-
formed in a rather short time. We all realize that in order lor seed to
germinate there are several lactors which must be favorable. These can
be broken down into two general classes. The hirst 1s that ol environ-
mental conditions that are necessary lor good germination. When these
external factors will not permit germination, the phase 1s olten relerred
to as quiescence. Moisture 1s one ol these inlluencing factors, the lack
of it, or an over-abundance of moisture will prevent germination. T'his
is why we must have ample drainage for seed bed areas. Oxygen 1s an-
other factor which must be present mn order to have germination. 1l
seceds are covered too deeply or water stands in certain arcas, OXygen
will not be sutficient. Although light is usually not necessary i the
very early stages of germination ol Picea, 1t certainly 1s necessary as
soon as the germinating scedling pushes 1ts way to the surtace. ‘There
is a rather critical time when the straw or mulch must be removed trom
the germinating beds in order to insure the subsequent development ot
a good seedling. Temperature 1s another lactor which 1s very mmpor-
tant to germination. Spruce seeds will germinate rather slowly and
poorly during warm weather. That is one ol the rcasons we plant our
seeds 1n the fall so that they germinate during the cool spring months
and have all of the lollowing summer to develop nto a strong seedling
There are many other environmental factors which alfect germination,
but they are rather minor, in most cases. The second general classili-
cation of factors allecting germination is that ol rest or mternal dor-
mancy. This will be discussed later under the heading ol “Prelreat-
ment of Seed.” It 1s necessary for us to control these factors to the best
ol our ability through various cultural practices 1n order that we might
insure a good germination and quahity seedling. It 1s well to remem-
ber before a seed can germinate, usually a complex series ol chemical
changes take place within the seed which makes germination possible.
The tiny seed 1s not static but rather a living and dynamic object.

PREPARATION OF SEED BLED AREAS

The selection ol a proper soil type is extremely important  First,
we feel 1t should be a very well drained area with a pH of 6.0 or shightly

lower if possible We prefer a sandy loam type ot soil with a shght
slope for good air drainage We have selected certain areas through-
out our nursery which we feel will make good seed bed areas and sct
them aside for this purpose only. We have also set up a crop rotation
program for these areas. Usually the old seed beds are cleaned up at
the end of spring and then these areas arc treated with 10 pounds ol
Dalapon plus 2V pounds of Amino Triazole per acrc to eradicate quack
grass. After ten days the field is plowéd and an application ol ap-
proximately 50 pounds per acre ot a 5-20-20 fertihizer is made. 'Lhe
type and amount of fertilizer applied is based on soil test results. "Lhe
land is then worked until late June when a combination ol oats and
alfalfa are sown. This may seem rather late to be sowing oats, but it

works out very well for us since we do not cut the oats but allow 1t
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to stand as a winter protection for the altalla. Because our soils are
very low in potassium and boron, we top dress the altalta with 0-10-30-B
at the rate of 200 pounds per acre in late fall. The alfalta 1s grown
only until the first crop 1s ready for harvesting, which 1s about July 10
ol the [ollowing year. Il quack grass 1s not under control at this point,
we will again apply the quack grass herbicide treatment, wait ten days
and plow under the allalta crop. We do not remove the oats or any
altalta from the land. Belore plowing the allalta down we apply nitro-
gen in the torm ol nitro pills to msure quick decomposition ot the al-
lalfa plants. After plowing we apply the necessary commercial fertilizer
determined by soul tests to bring phosphorous and potassium up to a
high level. Approximately 20 tons per acre of manure 1s also apphed
.at thus ttme.  The so1l 1s then treated for grubs with an application of
Dieldrin applied as a hquid which 1s immediately disked in. We have
been experimenting wih Vapam fer control of weeds and damping oll.
Il we find 1t becomes [casible to use this material, we probably would
apply 1t in August when the environmental conditions are right lor 1ts

usage. Our crop rotation then consists ol one year ol oats, one year of
atllaila and three years ol seed beds, thus formung a six year rotation
program. We have adapted this rotation to suit our own needs and 1t
no doubt would not agrece with what other scedling growers are using.

PREPARATION OF ACTUAL SEED BEDS

We start our actual preparation of the seed bed during the lirst
week ol November. We fecl that [all sowing ol Picea has proved more
satistactory than spring sowing, since naturc will stratity the seed very
well over the winter, which results in very even germination early in the
spring.  Also, we believe a larger 1-0 seedling will be obtained by {all
sowing. The reason for not starting sowing before the hrst week in
November is to msure that germination will not begin that fall. After
a final dragging ol the seed bed areas by a meeker which levels the
soil, we mark out the beds and prepare them for seedling. The beds
always run 1n an east and west direction, since this gives the proper
distribution of lLight under the shade through the course of the day.
We have attempted to mechanize as many of the operations as possible.
The beds are marked out with a device attached to one ot our tractors
which accurately marks out 4 toot wide beds with 30 inch aisles. This
size bed and aisle enables us to drive all of our mechanized units over
the beds which certainly speeds up many of the operations. After the
beds are marked, some ol the soil from the aisles is thrown into the
bed area with the result that the beds are raised to insure good drain-
age The beds are then raked by hand with regular garden rakes. Next
1s a heavy application of Milorganite applied with a 4 foot spreader.
We [eel that the organic nitrogen will release itself at a rate slow
cnough so the tiny seedhings will not be injured and yet have a suf-
licient nitrogen supply tor their first year development The Milor-

ganite 1s raked mn lightly and the area rolled. Beds are now ready for
seeding.
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PRE-TREATMENT OF SELD

Even though the sced is given all ol the necessary environmental
factors [or germination, we still must consider whether or not the seed
itsell is ready for germination. It has been our cxperience over the
past years that 1t Norway, White, Black Hills or Colorado Blue spruce
is sown in the fall, the possible resting conditions which might exist
within the seed and prevented 1ts germination will be overcome by
nature during the winter. In the past, most literature suggests that
Norway spruce and Black Hills spruce generally do not have any of
these resting conditions, while Colorado Blue spruce and White spruce
sometimes do. They rccommended stratitying these seeds m moist
sand at 40 degrees Fahrenheit for approximately 30 to 60 days We
teel that 1t 1s much checaper and easier to plant m the fall. It 1t 1s
necessary to plant in the spring, due to late arrival ol seed or inclement
[all weather, the storage ol the seed in a bag at cold, moist temperatures
secems to overcome the resting condition satislactorily.  We pellet our
seed with Arasan as a protection against damping oll organisms and
bird damage. Norway spruce, White spruce and Black Hills spruce
are pelleted, but we have not lound 1t necessary to do so on the Color-

ado Blue spruce.
SOWING OPLERATIONS

After the bed has becn rolled, the seed 15 spread by means ol a
Scott’s Spreader, thick enough so that we obtain approximately 40-60
healthy seedlings per square foot, depending on type ol seedling de-
sired. It 1s rather dilficult to calculate the exact amount of seed that
should be sown since the purity, soundness, gernmination percentage and
other factors all vary with dilierent years and can easily change the
number of seedlings that finally develop. In the case of White spruce,
the seed is so fine that it is often necessary to slightly roughen the bed
arca with a broom rake belore seeding. After seeding the beds arc
rolled and labeled as to kind ol seed, source ot sced and other perunent
data. The seed 1s then covered with Lake Michigan beach sand to a
depth of approximately twice the thickness ol the seed. Although
there has been a lot of discussion and some scientific data on the depth
to cover seed, we have found that 1t 1s not as critical as we used to be-
lieve. The machine that 1s used tor applymg the sand 1s able to apply
this layer of sand to whatever depth 1s desired Beds are then rolled
again and a mulch ol combied rye straw 1s applied to a depth ol ap-
proximately 2 to 3 inches. We use a converted manure spreader lor
this purpose. The hinal step 1s to place shades over the straw to pre-
vent 1t from blowing oll.

CULTURAL PRACTICLES DURING SLEED GERMINATION
AND THE FIRST YEAR

The following spring the Picea seeds will commence germinating
between May 15th and 20th  The Colorado Bluc spruce and Norway
spruce generally germinate sooner than the White and Black Hills
spruce. It is extremely important during the time germination s ex-
pected, to check the beds each day [or the progress ol the germination

process. We uncover the germinating Picea seed just belore it pushes
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through the surtace ol the sand. The shadings are then set to one side
and the straw 1s removed by means ol forks and broom rakes. Stakes
are driven in along the edge of the beds, wire stretched on these stakes
and the shadings are replaced on the wire Now starts a critical period
cf ume during which the moisture level of the soil must be kept at opti-
mum conditions lor the development of the very young and tender
secdling. This 1s accomplished by setting up a semi-permanent over-
head sprinkling system which will stay in operation during the hrst and
second growing season The water 1s supplied by means of a 6 inch
main through which we are able to pump water Irom a swamp lake or
from a deep well. We preter to use the rather warm water trom a
swamp lake in prelerence to the cold well water During the lirst sea-
son the scedlings are watered every other day for 1 to 1Y% hours during
the middle of the day. Since the roots are so small and located rather
shallow, 1t 1s necessary to water olten but not too much at a time. As
the scedlings develop they are watered less olten but with a heavier
application. At the present time we still hand weed all of our seed
beds since we have not found a satisfactory weed control chemical.
Howcever, we do use extensive chemical weed control on transplants.
It 1s dillicult to apply the chemical over a thick seed bed so that sul-
ficient chemical reaches the ground at the base ol the seedling. Pos-
sibly this is one reason {or our failures Hand wecding 1s a rather costly
P ocess but unless 1t 1s done regularly 1t will mushroom 1nto a situation
in which the weeds arc so large that many trees are destroycd during
the weeding operation.  All of our weeding on seed beds is done by
women. We do not [ertihze during the first growing season, since the
organic nitrogen that we added when the seeds were sown usually sup-
phies sullicient mitrogen for the small seedling. Also, the crop rotation
usually gives us sullicient potassium and phosphorous for healthy de-
velopment of the secdling At the present time we have not found it
necessary to spray any ol the Picea seedlings lor insects or discases as
has been necessary with pines It is necessary to give these small seed-
ings some winter protection which we accomplish by first removing
the shadings and then applying a 8 to 4 inch layer of combined rye
straw with the same machine that was previously described  The straw
1s tucked under the edge of wire which was used to support the shad-
ings. This prevents the straw from blowing away. The mulch 1s lelt
until carly spring when 1t is removed by hand.

CULTURAL PRACTICES THE SECOND AND THIRD YEARS

During the second and third year there are no shades over the beds,
sitnce we {ind that with the overhead irrigation we can develop better
plants under tull sun. At this point we do [ertilize with a liquid {ferti-
lizer which generally 1s a nitrogenous type. We preler ammonium

sulphate for this job, since we get a combination of nitrate as well as
ammonia types ct mitrogen The application ol the high nitrogenous
feralizer usually gives a very good growth response because the other
nutrients necessary lor plant growth are in good supply, due to crop
rotation  Again all the weeding 1s done by hand We begin remov-
ing the seedlings lor commercial distribution and transplantng as 2-0
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seedlings. However, some of the sprucc are grown on into 3-0 plants
The beds that remain alter digging operations 1n the spring are root
pruned with a large blade that undercuts the bed. We dig our seed-
lings by a blade attached to a tractor that digs and lifts the entire seed
bed in one operation. The seedlings are then removed to a building
where they are run over a conveyor belt for grading puirpeses. The
plants that are designated for shipping are then carefully packed by
experts who have had many years experience. We have always lelt that
packing must be done by people that are skilled in this job and realize
that even the best quality seedling 1s ol little value to the customer it
it arrives in poor condition In conclusion, we would again hike to
emphasize the fact that these practices which we lollow certainly may
not necessarily be the best or fit your particular situation. These prac-
tices are ever changing as we put into use new and better i1deas in an
attempt to most economically produce the type of quality seedlings our
customers desire. (Applause)

MODERATOR MEAHL: Thank you very much, Mr. Pinney.
We will proceed right along with our next subject, the propagation ol
spruce by grafting  Our speaker is Mr. John Ravestein, Mentor, Ohio.

Mr Ravestein presented his paper, “Our Method of Gralting Blue
Spruce.” (Applause)

OUR METHOD OF GRAFTING BLUE SPRUCE

JoHN RAVESTEIN
G. K. Klyn, Inc.
Mentor, Ohio

The understock used [or the grafting of spruce 1s not grown at
our nursery Norway spruce 1s purchased from a reliable source as 2
to 3 year old seedlings, preferably once transplanted. You should be
certain that the understock is healthy with a fibrous root system These
seedlings can vary in size from 6” to 12”7. We always plan to have our
understock arrive in the spring in plenty ol time to allow us to inspect
the plants and to trim the roots in order to establish a librous root sys-
tem. We then heel in the plants for a short time i order to mduce
some new root growth. They are then planted out

We plan to have the understock grow 1n our nursery for two years.
However, there are exceptions to this, which I will point out later.

We prefer te plant on a sandy soil which is not too rich 1n nutri-
ents. The ground should be preparced as early as possible in the spring
by spreading 34” to 1”7 peat over the bed and Rotoulling to a depth
of approximately 8”. We use the peat to get a more fibrous root sys-
tem, which 1n cur estimation is necessary to make a go of 1t. At the
time of grafting a f{ibrous root system is absolutely necessary to insure
the survival of the understock during the process of establishing a grow-
ing graft.

We plant 1n rows 12 inches apart, spacing our understock 2% to 3”
apart in the row. This spacing may sound very close to you but we
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