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ABSTRACT

Seedlings of numerous hardwood species have been produced
in plantable containers under accelerated grewth conditions
and established in plantations. These species include Betula
verrucosa_ B. papyriferao B. alleghaniensis_ Juglans nigraj

Prunus serotina_ Acer saccharum_ Quercus robur_ Alnus glutinosa,

Populus tremuloides_ P. grandidentata_ Populus hybrids_ and

Ailanthusaltissima. The systems used to grow hardwoods rapidly
and efficiently in the greenhouse are described. Data on
survival and growth after outplanting are presented for several
species. These new methods offer many advantages over
conventional nursery techniques for researchers and commercial
n u rs e rymen.

INTRODUCTION

Methods for accelerating the growth of tree seedlings by
greenhouse culture are now wel! established for coniferous
species. Nurserymen have been using the accelerated growth
concept for several years to produce planting stock in containers

_ more rapidly than is possible in a typical outdoor nursery.
Although there is still much opportunity for improvement in
techniques, there now is an annual greenhouse production capacity
of close to I00 million trees throughout the United States.

i:_.

In contrast to conifers, the production of hardwood
seedlings in containers and greenhouses is rare. Because
hardwood species are generally considered more difficult than
conifers to establish in plantations, the application of
accelerated-optimal-growth methods (Hanover and Reicosky, 1972;
Hanover, et al. 1976_ Hanover, 1976; Hanover, 1977) seems

i particularl--y a---ppropriate. Here we will describe the components
of such a system developed at Michigan State University and give
some representative results from its application to establish
hardwood plantations in a tree improvement program°
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COMPONENTS OF ACCELERATED-OPTIMAL-GROWTH

The concept of accelerated-optimal-growth (AOG) of
woody plants is based upon the programmed control of growth
by the use of light and temperature regimes that prevent
growth cessation and dormancy. Control of other environmental
factors including water, nutrients, carbon dioxide, and growing
media is also necessary to assure that optimum plant
development occurs in terms of root-shoot ratio, resting bud
quality, stem stiffness, cold hardiness, and storage
carbohydrate for regrowth after outplanting. Each of the major
environmental factors is listed in Figure 1 (Hanover, 1976)
along with other components of our system for producing
genetically and culturally superior trees.

Select seed

An essential feature of our program is the use of the best
seed sources or clonal materials available whenever possible.
Becauseour primary goal is the breeding and development of
improved strains of manyspecies our material is usually
destined for progeny test plantations or seed orchards (Hanover
and Bongarten, 1977). In either research or commercial
applications of AOG this is an important consideration to
assure maximum response to the environmental factors imposed.

Containergrowin9system

In order to achieve complete control over tree seedling

growth they must be grown in sometype of container unit.
Containers for this purpose vary greatly and most of those now
available have several deficiencies. Whenwe began our work

in Michigan, we established the following design criteria for
a container system-

I. Flexibility - available in a wide range of sizes;
allow movement of individual plants without root
di s turban ce.

2. Durability- to provide support without root egress
during greenhouse phases of various durations from
3 to 18 months.

3. Growability- deep, rectangular configuration, open
bottom, to allow maximum root development and air
pruning of roots.
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SELECT SEED OR VEGETATIVE PROPAGULES
(GENETICALLY SUPERIOR)

EFFICIENT, CONTAINER GROWING METHODS

PROTECTIVE CULTURE (GREENHOUSES, ETC.)

PROGRAMMED GROWTH CONTROL
THROUGH THE YEAR:

LIGHT
TEMPERATURE
MINERAL NUTRIENTS
WATER
CARBON DIOXIDE
GROWTHREGULATORS
MYCORRHI ZAE
GROWINGMEDIA

_; COMPETITION
PESTS

PRODUCTION OF LARGE "SEEDLINGS"
IN MONTHS RATHER THAN YEARS

ACCLIMATION TO NATURAL CONDITIONS,
SITE PREPARATION, AND PLANTING

GENETIC SELECTION, HYBRIDIZATION, AND PROPAGATION
OF SUPERIOR GENOTYPES.

ii Figure I. Components of the Michigan State accelerated-optimal-growthsys tern.
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4, Transportability - fit into a larger unit for support
and easy movement_in the greenhouse by hand or conveyor;
removeable for commercial shipping.

5o Plantability - container may be planted with tree or
removed before planting; adaptable to conventional
tree planting machines°

6, Biodegradability - to break down in soil after planting
allowing free root development.

7. Storability - compact for storage when not' in use.

8. Costability- perunitcostundera few pennies.

9. Availability- dependable,longtermsource,in
variable quantities, rapid delivery.

Basedupon thesecriteriawe decideduponthe squarepaper
plantbandmadefrommilk cartonstock. Theseunitscan be
made in any dimension from 2.5 to 15 centimeters square and
from lO to 60 centimeters deep in a range of material thickness.
They last in the greenhouse, breakdown in the field, allow good
drainage and root development, and they are inexpensive and
availablefrom severalsources. The plantbands are placed _
snuggly in plastic cases which are 30 cm. square and have a
smallmesh bottom to preventgrowingmedia from falling through,
yet allow for air pruning of the roots. Our experience with
thiscontainersystemoverthe pastsixyearsleads us to
believe that it is the most versatile and suitable one available.

Protective culture

The tree seedling containers must themselves be "contained"
in some type of protective culture or controlled environment
facility. In most cases this is a greenhouse although we also
grow in well-insulated buildings_using artificial light only
(Hanoveret al. 1976). Thereare numerousstrategiesfor using
the greenhouse in combination with other facilities such as
shade houses to minimize energy costs and condition plants but
they will not be discussed here.
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Production of large seed]

There is growing evidence that the use of large rather than
small seedlings for planting stock results in better survival
and the lowest total cost per living tree (Newton, 1976; Phares
and White_ 1972). Larger seedlings are also likely to grow more
rapidly than small ones which can mean shorter rotations. For
ornamentals and high value hardwoods decreasing the time required
to produce a salable tree would justify higher initial seedling
costs.

The main disadvantege to large seedlings is their bulkiness
which makes transporting and planting more difficult. However,
these problems can be overcome at a cost and, of course, the
cost must be overbalanced by the increased return from better
survival and shorter rotation ages.

Our AOG program for both hardwoods and conifers is based on
producing large seedlings without sacrificing high for low
root-shoot ratios. To accomplish this our containers have a
minimumvolumeof 700 cu. cm.andheightof 27 cm. By growing
in the largecontainerswe are ableto stimulaterapidshoot
growth yet maintain stem stiffness and massive root systems for

most hardwoodspecies. Thosespecieswith a taprootdevelopthe
main root which is naturallyairprunedwhen it reachesthe bottom.
Thena fibrousrootsystemformsoff themain root resulting
in a balancedroot system. Thus,the damageand subsequentshock
associatedwith undercuttingseedlingsin a bare root nursery
is avoided.

Acclimationto naturalconditions,site preparationand planting

Greenhouse growing conditions usually provide much higher
humidity, lower wind speed, and lower light intensity and
different spectrum than exist in the outdoor nursery. When

greenhouse-grown trees are moved outside, there is likely to be
an increase in transpiration rate and bleaching of the leaves.
We have found that some species such as the oaks, birches, alders,
and poplars can be outplanteddirectlyfrom the greenhouse
without serious shock. Species such as black walnut, however,
require an acclimation period in a protected shadehouse facility
to prevent immediate leaf fall and mortality. In general, all
hardwood species benefit from a conditioning treatment of at
least several Weeks to make the transition from greenhouse to the_
field.





i!!i!

382

i

i i

SURVIVALANDGROWTHOFAOGHARDWOODS

Greenhouse phase

We have grown many hardwood species under a standard set
of accelerated_growth conditions. Few of these species fail to
show substantially more rapid and substained growth than can be
achieved in the outdoor nursery (Hanover, et at. 1976; Hanover,
1977), The few instances when growth stimulation did not occur,
such as pin oak and hawthorne° may have been caused by imposition
of non-optimal growing conditions for these species. Whenthe
optimum conditions are worked out for each species the AOG
methods will probably be applicable to all woody plants.

Each hardwood species possesses an inherent pattern of
primary shoot growth (Zimmerman and Brown, 1971) which governs
their response to accelerating conditions after germination.
These patterns vary from a single flush followed by formation
of a dormant bud (determinate type, e.g., black walnut) to those
exhibiting a sustained flush of growth as long as conditions
permit (indeterminate-type, e.g., northern white birch).

There are many intermediate types of response among hardwood
species. For example English Oak (Quercus rob_) and sugar maple
(Acer saccharum) grow in a series of recurrent flushes in the
greenhouse. Any of the hardwoods can be induced to enter
dormancy if stresses are applied during the growth phase but
some like walnut and sugar maple are more prone to growth
cessation than others. An important aspect of the AOG system
for hardwoods is to know the specific requirements of each
growth factor for a species in order to optimize developmentin the greenhouse.

In our production system we attempt to grow a hardwood to
heights of from 40 cm to I00 cm in a period of 12 to 20 weeks
depending upon species. The trees are programmed for planting
anytime between April 15 and September 15 and may be actively
growing or dormant. Growing schedules for many species are
being developed but are too detailed to cover here.

t
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An example of optimum growth and development of a hardwood
species, black walnut, under AOG conditions compared with that
obtained in two outdoor nurseries is given in Table 2, After 12
weeks of greenhouse culture, growth and development of the
seedlings exceeded those grown in the nurseries for the entire
growing season, In general these results are typical of those
obtained for other species in our program including Betula
ver_cosa_ Betula papyrifera, Betula alleghaniensis_ Prunus
serotina_ Acer saccharum_ Quercus robv_ Alnus glutinosa_
Populus trenv_!oides_ Populus grandidentataj Ailanthus altissima_
Plantxnus occidentalis_ Gleditsia triacanthos_ Fraxinus
pennsylvanica_ and Li_n_odendnontulipifera as well as many other
exotic species.

P_lan....ta t} on _phase

After the seedlings produced in the greenhouse have been
properly conditioned in a windbreak or shadehouse they are
transported in the plastic containers to our test plantations
and planted in the previously prepared strips. Planting is done
as described above in replicated designs.

During the course of developing the AOGsystem for hardwood
species we have experienced many failures or partial successes.
Usually, poor success in the plantation establishment phases
can be attributed to improper site or species selection,
inadequate weed control before or after planting, animal damage,
drought, or improper condition of stock prior to plant#ng. Other
workers have arrived at similar conclusions in establishing
plantations with bareroot stock (von Althen_ 1977). When
losses due to each of these factors are minimized a successful
hardwood plantation results with use of AOG planting stock°

Although our oldest AOG hardwood plantations are only
3-years-old some have been successful (Table 3.). When the trees
were planted without removing them from the plant bands no
detrimental effects were evident other than a slight restriction
of upper lateral root development. To overcome any possibility
of container affects in the fu_;ure we use bands that have
several random holes on each side or we remove the band at
planting.

I I iiii
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It is evident from the survival data in Table 3 that there
is still room for improvement in our techniques, It should also
be emphasized that most of these test plantings are composed of
a diversity of seed sources which tends to decrease overall
survival and growth compared with what might be expected using
the best adapted source for the planting area.

From the positive results obtained with a range of hardwood
species we conclude that the AOG concept can be applied to both
research and commercial operations. By so doing and with further
refinement in procedures for each species these methods should
expedite genetic or cultural testing of hardwoods and allow
commercial nurserymen to produce higher quality seedlings more
rapidly.
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