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GERMINATION OF SEEDS OF WILDLAND PLANTS

James A. Young, Jarry D. Budy and Raymond A. Evans

ABSTRACT: Germination of wildland seeds is often
dependent on proper seed collection and storage.
Timing, seed collection, and the moisture content
of seeds in storage often influences germination.
A systematic approach to germination testing often
will pinpoint the type of dormancy of seeds in
wildland species and lead to germination enhance-
ment.

INTRODUCT [ON

Successful germination of seeds of plants collect-
ed from wildlands starts with proper collection of
the seeds. Both the timing of collection and the
handling of the freshly harvested seeds are impor-
tant.

TIMING THE COLLECTION OF WILDLAND SEEDS

Yany wildland plant species have indeterminate
type inflorescences where flowering and maturity
are continuous for extended periods. This means
that seeds are ripe and falling from the inflo-
rescences at the same time blooming is stil
occurring at other locations on the inflorescence.
It is difficult to avoid collecting immature seeds
in this situation. Ffor determinate species that
mature at one time there is the danger of the
seeds suddeniy beinqg dehisced and lost unless they
are collected slightly before maturity.

Slightly immature seeds are not necessarily poor
germinators. The propagator has to determine the
influence of maturity on germination through trials.
To conduct meaningful trials, it is necessary to
label the seed collection with some detail of the
phenclooical stage of development, where the seed
lot was collected, and to maintain the fdentity

of the seed lot through germination trials.

Various maturity classes of seeds can be collected
by separating collections made on the same plant,
moving from early maturing south to north slope
communities, or by collecting at higher elevation
within the range of the species.

James A. Young and Raymond A. Evans are range
scientists for the USDA Agricul tural Research
Service, Reno, Nev. Jerry D. Budy is Assistant
Professor of Forestry, University of Nevada, Reno,
Nev.

HANDLING FRESHLY HARVESTED SEEDS

A seed is a living organism in a resting stage,
but it is most important to remember that it is
alive! Freshly harvested seeds have too high a
moisture content for safe storage. The moisture
content of the seed must be allowed to reach equi-
Tibrium with the atmosphere. In the Intermountain
area this is usually simple because the relative
humidity of our air during the summer and fall is
usually quite Tow.

For freshly harvested sreds to reach a moisture
equilibrium they must he stored in such a manner
to allow for free aeration. Uncoated paper or
mesh bags make good <torage containers for initial
drying. Never use plastic bags for storage of
freshly harvested seeds!

Artificial drying, especially at high temperatures,
is usually not necessary, and often not desirable.
Screen freshly harvested material to remove high
moisture content trash. This will reduce drying
time.

Fleshy fruits require prompt treatment to remove
the fleshy material to avoid spoilage or mummifi-
cation of the fruits.

The seeds of species collected from marsh or wet-
land environments often require special handling.
The technique used depends on the species involved,
but often it is necessary to keep the seeds in a
cool, wet environment or actually stored in water
to avoid acquiring dormancy or loss of viability.

SEED CLEANING

Generally the sooner the seeds are cleaned and
placed in storage after they reach moisture equi-
Tibrium, the less chance of predation from birds
or small mammals or contamination from insects.

Avoid rough handling of seeds during cleaning.
Remember the seed is alive and the embryo can be
very fragile. Never use a hammer mill in seed
processing unless you have first determined by
careful testing that seed viability is not being
adversely affected by the process.

Proper seed cleaning makes subsequent handling of
the seeds in the germination process much simpler.
Especially if the seed lot contains trash or empty
or obviously immature seeds, much time may be
wasted sorting the material to find germinable
seeds.

ORA

To avoid problems with storage insects, start with
clean, insect-free storage conditions. Do not
introduce pests with the seeds to be stored.

Cool storage conditions lessen the chances of
insect problems.

The key to seed storage is maintaining proper
moisture conditions so that the seeds remain
alive, but ungerminated. Remember that the amount
of water that the storage atmosphere will hold as
a vapor is directly related to temperature. If
you decrease the storage temperature of a sealed
container, moisture condensation will occur.

Storage in paper or mesh bags in a cool, dry
Tocation is satisfactory for most seeds. Once the
seeds have reached moisture equilibrium, storage
in glass jars or plastic boxes is possible to
avoid insect or mold contamination. Some seeds
can be stored easily in small lots, but suffer
losses in viability when quantities of seeds are
stored together. Some seeds have inherently very
short storage lives and seed stocks of these spe-
cies must be reroved annually.

GERMINATION TESTING

Two common determinations are made from seed tests:
viability and germinability. Viability simply
means the seed is alive. It does not indicate if
the seed will germinate. Viability tests may be
as simple as cutting a seed or fruit with a knife
blade to determine if an embryo is present. More
complex viability tests involve the use of the
chemical, tetrazolium. This chemical, after pro-
per sectioning and preparation of the seed, has
the property to iccept hydrogen atoms from dehy-
drogentate enzymes during the respiration process
in viable seeds. Essentially, respiring or living
tissue in the seeds is evidenced by a red color
change.

The fact that the seeds or fruits contain living
tissue does not mean the embryo will germinate.
This is a common misinterpretation. For seeds of
the major crop species, standards have been deve-
loped that relate the tetrazolium reaction to
potential germiration. These standards have not
been developed for the seeds of most wildland
species.

Germinability is a much more meaningful statistic
for individuals interested in propacating plants
from seeds. To obtain an estimate of germinability,
the seeds must be subjected to a germina‘tion test.
The Association of Official Analysis (AOSA) pre-
scribes the rules for testing seeds of specific
species. For example, seeds of Canada bluegrass
(Poa compressa) are tested on germination paper,
at 15/25 or 15/30°C (15°C for 8 hours/30°C for

16 hours daily), with light during the 8-hour
period and potassium nitrate (KNO;) added to the
substrate. Unfortunately, for the seeds of most

wildland species, no standard germination tests
exist. The ADSA has draft standards for about

100 wildland species. Until the standards are
accepted and/or developed for the seeds of impor-
tant wildland species, germination figures as given
on seed tags are meaningless.

DETERMINING GERMINABILITY OF WILDLAND SPECIES
Afterripening

The seeds of many species will not germinate soon
after they are harvested. As time passes, germi-
nability of these seeds gradually increases until
they may be highly germinable.

This time period that must pass before the seeds
will germinate has been termed the afterripening
requirement. These requirements are not respon-
sive to external stimuli. One cannot do anything
about them but wait.

This type of dormancy has been attributed to
immature embryos that require post-harvest time to
mature.

A variant of this type of dormancy is called tem-
perature-dependent afterripening. In this case,
seeds will not germinate at one incubation tem-
perature (usually moderate to high incubation
temperatures), but will germinate at other tem-
peratures (usually cold incubation temperatures).

Practically, this means the nurseryman has "o wait
to obtain germination with the seeds of certiin
species. Do not confuse afterripening with
stratification requirements where the dormancy
does respond to external stimuli. Stratification
requirements will be discussed later.

Hard Seed Coats

If seeds do not initially germinate or fail to
germinate after a reasonable afterripening period,
the first germination factor to check is to see
if the seeds imbibe water. This can be done by
pressing the seed with a thumbnail or by cutting.
If the interior of the seed appears chalky and
hard, water has not been imbibed through the seed
coat. Imbibed seeds should be soft and easily
squasheC with the thumb.

Seeds with coats that do not freely allow
passage of water are termed hard seeds.

Scarification

To break the hard seed coats some form of scari-
fication is required. This scarification can be
accomplished with mechancial, thermal, or chemical
treatments. [f the seeds are large enough, scari-
fication may be accomplished by filing a notch in
the coat or clipping so as not to injure the
embryo. Smaller seeds can be scarified by mecha-
nically abrading them in some manner. This may
be as simple as rubbing the seeds between sheets
of sandpaper.




Mechanical scarifiers nave been developed with
abrasive lined drums in which the seeds are rota-
ted. Virtually any mechanical scarification that
results in increased germinability results in de-
creased viability. In other words, you pay the
price for getting some seeds to germinate by
fatally injuring other seeds. Hammer mills are
used for scarifying seeds. Great care must be
taken to not excessively injure seeds with these
treatments. Minimum clearance between concave
bars in threshing machines can be used to crack
the seeds of legumes to obtain increased germina-
bility, but again, with some reduction in viability.

Thermal scarification is obtained by dropping seeds
into boiling water and then allowing the water to
cool. Such treatment may have many other influences
such as thermal shock to the embryo or leaching
soluble inhibitors. Thermal cracking of seed coats
is facilitated by fall seeding at shallow depths
with exposure to freezing temperatures.

Concentrated sulfuric acid is used to remove hard
seed coats. This treatment is difficult to con-
trol and may have many side effects. The duration
of treatment has to be determined for individual
seed lots. Heating from the acid reaction with
rinse water and hydrolysis of the seed tissue may
induce germination other than through the intended
increased imbibition of water.

Always try to control the temperature of ithe acid-
treated seeds in a water bath, rince a small amount
of acid and seeds in a large volume of water, and
use a neutralizing solution after the treatment,

Stratification

Seeds that imbibe water but fail to germinate are
good candidates for stratification. Do not confuse
this word with scarification. Stratification in-
volves placing seeds in a wet environment at tem-
peratures that are not conducive to germination.
for most western plants these are temperatures
too cold for germination. Such treatments are
termed cool-moist stratification. The duration
of stratification requirements can range from a
few days to many months. For prolonged stratifi-
cation a substrate must be furnished for moisture
retention. Historically peat has been used.
Commonly used materials include sand and vermi-
culite.

Naked stratification has proven effective for the
seeds of some species of conifers. This is accom-
plished by soaking the seeds overnight in water
and then placing the damp seeds in plastic bags
that are sealed for the duration of the stratifi-
cation.

Special stratification conditions include prolonged
soaking in refrigerated baths that are saturated
with oxygen or by using activated charcoal as a
stratification substrate.

Some species require specific stratification
temperatures. Their seeds are very difficult
td> germinate without prolonged experimentation.

Nurserymen have long solved stratification pro-
blems by fall planting seeds and allowing nature
to supply the treatment. In cold areas where snow
cover is prolonged, such practices can be quite
effective. The interface between continuous snow
cover and the surface of the seedbed usually is
near 0°C, a near-ideal stratification environment.
Any interruption of temperature or moisture condi-
tions during the stratification period results in
prolonging the stratification requirement. Cover-
ing seeds in flats and covering them with sand
and placing the flats outdoors on the northside
of a greenhouse can provide a test environment

for the stratification of seeds whose requirements
are not known.

The seeds of several eastern hardwoods require
periods of warm-moist stratification for germina-
tion. Some species require warm-moist stratifica-
tion followed by cold-moist stratification.

Nitrate Ion

The most influential factor in enhancing germina-
tion of seeds is often enrichment of the germina-
tion substrate with nitrate fons. The nitrate is
usually supplied as potassium njtrate (KNO,) at
concentrations ranging from 10" to 10 rmales
(1.0 to 0.01 g per litter of water). In the field
or nursery bed, flushes of spring germination may
be associate. with nitrification and the availa-
bility of nitrate nitrogen in the seedbed.

Gibberellic Acid

The mode of action of gibberellic acid in seed
germinaticn is not known, but very low concentra-
tions of this growth requlator can greatly enhance
germination. Concentrations of from 1 to 250 parts
per million (p/m) are commonly used in germination
enhancement. Combinations of gibberellic acid and
potassfum nitrate are often more effective than
either material alone. Both of these materials
can be outained from chemical supply houses. The
potassium nitrate is more easily obtained than
gibberellin.

A good balance is needed for preparing the minute
concentrations of gibberellic acid. A solution
with a concentration of 1 p/m of gibberellic acid
consists of 0.001 grams of gibberellic acid dis-
solved in 1,000 mill{liters of water. Gibberellic
acid is sold as a 10-percent active ingredient
preparation, which makes the weighing simpler.

One alternative is to prepare higher concentrations
than needed and dilute to the desired concentration.
For example, 1,000 p/m would be 1 g in 1,000 ml:
however, gibberellic acid is relatively expensive
and breaks down very rapidly under warm temperatures

Hydrogen Peroxide

Seeds of several species, especially members of the
rose family, have their germination enhanced by
soaking in hydrogen peroxide solutions. Dramatic
germination enhancement has Loen obtained with
seeds of bitterbrush (Purshia ‘ridentata) and
curlleaf mountain mahodany (Cercocarpus ledifolius).

A wide range of concentrations from 1 to 30 percent
is effective. Generally, the higher the concentra-
tion, the shorter the soaking time, but the greater
the risk of damaging the seed. Hydrogen peroxide

is a very reactive chemical. Concentrations greater
than 3 percent are particularly dangerous to handle.

Other Chemicals

A large number of other chemicals have been used
to enhance germination. These include, among
others, ethylene producing compounds and various
sulphydryl compounds.

Light

Many seeds are sensitive to light during germina-
tion. This light or phytochrome reaction involves
germination stimulation by near red 1ight and dor-
mancy inductions by far red light. Generally cool-
white florescent light enhances germination and
incandescent light shouid be avoided.

Practically, seeds that require light for germina-
tion have to placed virtually on the surface of the
seedbed. The seeds should be pressed into the
seedbed for optimum moisture transfer.

SEEDBED REGUIREMENTS

Seeds have to take moisture up from the germination
substrate faster than they lose it to the atmos-
phere. In a well-firmed seedbed, optimum germina-
tion conditions can occur with proper water manage-
ment. Planting small seeds on the surface of a
firmed seedbed and covering them with vermiculite
can produce a quality germination environment.

Generally only seeds with external mucilage can
germinate on the surface of seedbeds. Exceptions

with extremely rapid germination.

Even seeds with extremely low percentage germina-
tion can give satisfactory establishment if
sufficient seeds are planted in a quality seedbed.
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PRODUCING BAREROOT SEEDLINGS OF NATIVE SHRUBS

Nancy Shaw

ABSTRACT: Bareroot planting stock of native
shrub species is being requested for soil
stabilization, range and wildlife habitat
improvement, and low-maintenance landscaping
projects in the Intermountain region. Shrub
seedlings of a number of species are successfully
grown using modifications of techniques developed
for the propagation of conifers and introduced
shrubs. Refinement of techniques and solutions
to specific cultural problems in the production
of individual species should improve the quality
of stock being produced.

INTRODUCTION

Bareroot seedlings of introduced hardwood tree
and shrub species traditionally used in windbreak
and conservation plantings are routinely produced
by many Federal, State, and private nurseries.

In the Intermountain région the need, and in some
cases the lega) requirement (McArthur 1981), for
native species to revegetate disturbed lands has
led to the production of & rumber of native
shrubs as bareroot stock. Seed and transplant
stock of species suited to specific habitat types
are needed for reclamation of disturbed sites,
range and wildlife habitat improvement, and lTow
maintenance landscaping.

The decision to use bareroot or container
planting stock depends upon a number of factors:

1. Species required. Although some
species are difficult to grow as
bareroot stock, others have been
successfully propagated (tables 1, 2)
using modifications of cultural
practices developed for conifers.
Information relating to the germination
and growth of related species (for
example, Rosa, Rhus, or Prunus spp.)
has also been appTied. CuTtural
pr.octices are being refined based on
experience gained in growing native
plants at specific nursery sites.
Consequently, techniques and
information exist that are not
presently available in the literature,

Characteristics nf the planting site.
Both container and bareroot seedlings
have been successfully planted on a
wide variety of wildland sites,

Nancy Shaw is a Potanist, Intermountain Forest
and Range Experiment Station, Forest Service,

U.S. Department of Agriculture, located at the
Forestry Sciences Laboratory, Pnise, Idaho.
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although bareroot stock generally does
not perform as well on adverse sites
(Hodder 1970), particularly rocky
areas where there is inadeguate soil
to pack around the root system,

Scheduling. The time from seed
collection to lifting of bareroot
stock varies from approximately 11
months for fall 1ifting 1-0 big
sagebrush (Artemisia tridentata) to
nearly 3 years for species such as
Rocky Mountain maple (Acer glabrum)
that are lifted as 2-0 stock. For
some species sowing and 1ifting may
be scheduled for either fall or
spring.

Cost. Bareroot seedlings generally
cost less than seedlings arown in
containers. Consequently, their use
may often be justified economically.
Handling and transportation of
bareroot seedlings must be carefully
planned to protect plants from
desiccation and overheating before
planting (Dahigreen 1976). However,
bareroot seedlings are much less
bulky than container seedlings, and
if adequate storage facilities are
available, they can be transported
and maintained with much less
difficulty and at a lower cost
(Stevens 1981).

PLANNING AND SCHEDUL ING

For both speculation and centract gqrowing the
source of seed or cuttings should be carefully
selected. Extensive morphological and
physiological variation exists among
populations of individual native shrub species
(Stutz 1974; Blauer and others 1975; Welch and
Monsen 1981). Populations vary in their range
of adaptation, growth habit, growth rates,
palatability, nutrient value, soil stabilizing
capability, and ease of propagation. The
opportunity exists to select and market
transplants using seed or cuttings from
populations adapted to the planting site that
exhibit characteristics compatible with
specific planting goals.

Seed production of many shrub species is
erratic and scheduling problers may make seed
collection difficult. Seed of some minor
species is not harvested regularly by
commercial collectors., Seed banks may be
maintained to avoid these problems. Bareroot
stock of easily rooted species may be




propagated from cuttings if seed is unavailable
or difficult to germinate,

A1l steps in the propagation of each species must
be carefully scheduled. Seed and cuttings must
be collected during the aporopriate season (see
Plummer and cthers 1968; U.S. Department of
Agriculture, Forest Service 1974; Hartmann and
Kester 1975; Vories 1981), Adequate time must be
allotted for seed processing, testing, presowing
treatments, field or laboratory stratification,
and field production. Most seedlings are lifted
after one year's growtk in the seedbed, although
» few species may require two growing seasons.
Seedlings may be lifted in either the fall or
spring.

Antelope bitterbrush and other native shrubs have
heen arown at the Lucky Peak Forest Service
lursery near Boise, Idaho, during the past 10
years. Practices employed for native shrub
production at Lucky Peak will be described where
applicable throughout this paper,

SEED ACQ ITION AND PROCESSING
Purchase or Collection

varieties of several important native shrub
species have been released for commercial seed
roduction following extensive testing by the
. Department of Agriculture, Soil Conservation
Service, and cooperating agencies (U.S
Department of Agriculture, Soil Conservation
ervice 1982). Seed of these releases is being
yroduced under agricultural conditions in seed
orchards or seed fields and is commercially
available. The characteristics and range of
adaptation of each named variety have been
carefully deiermined. Production of shrub seed
under agricultural conditions should result in
improved seed quality and availability as
ate cultural techniques are developed for
species. Other seed sources include plants
of selected populations maintained at the
sery, collections from selected wildland
’M“NQ. or purchases from commercial seed
dealers. Seed source information should be
ivided with purchased seed. Acceptable purity
evels for seed used for wildland plantings have
been suggested by Plummer and others (1968)
Acceptable germination levels are given in table
Seed transfer guidelines have not been
established for rative shrubs., For contract
. seed of populations known to be adapted
the planting site should be obtained.

cise timing is essential for the collection of
m wildland stands Maturation dates for
shrub species ran m May to
epartment of Agriculture, Forest
Vorfes 1981; Wasser 1982). The
eed maturation date for a specific
stand will depend upon its geographi
and local weather conditions. Species
n late fall and winter must he
before fall sowing., Seed
selected for seed collection
monitored. Expected crops

may not develop and seed of some species such as
antelope bitterbrush or snowbrush ceanothus
(Ceanothus velutinus) is dispersed very quickly
after ripening (U.5. Department of Agriculture,
Forest Service 1974; Vories 1981).

Cleaning and Storage

Seedlots must be cleaned carefully to obtair
high purity levels. Clean seed is required to
maximize uniformity of seed placement and
subsequent seedling development in the nursery

Sagebrush, rabbitbrush (Chrysothamnus

and other species are often sold at low
purities for rangeland seedings. Purchased
seed of these species may require additional
cleaning for nursery use.

Optimum storage conditions and the effect of
various storage methods on the duration of seed
viability have not been determined for most
native plant species. Dry seed of sumac (Rhu
spp.) and other species with water-irmpervin
seed coats will remain viable for 10 to 20
years when exposed to ambient temperature and
humidity conditions in open rage (Heit 1967;
Hartmann and Kester 1975), Stevens and others
(1981) found seed of antelope bitterbrush,
fourwing saltbush (At iplex canescens), and a
nurber of other native shrub species to retain
viability for at least 15 years in open
storage. Fumigation or insecticides may be
required to prevent infestation of open-stored
seed.

Cold, dry storage increases the longevity of
most medium to long-lived seeds and is desir-
able if seeds are to be stored for long
periods. Seed should be placed in sealed,
moisture proof containers and stored at 32° to
50°F (0 to 10°C). Below freezing temperatures
(0° to 32°F [-18 to 0°C]) are most effective if
the added cost is justified. The most
effective moisture contents for cold, dry
storage of native species have not been
determined. Maximum wafe seed moisture
contents for cold, dry storage of many tree
species is 9 percent. The relative humidity
(R.H.) should be Tess than 70 percent and, if
possible, Tess than 50 percent (Heit 1967;
Hartmann and Kester 1975).

Cold moist storage (32° to 50°F [0 to 10°C]) at
80 to 90 percent humidit; is required for such
species as oak (Quercus spp.) and spring
ripening maple specie Seeds of these species
should not be allowed to dry prior to storage
(Hartmann and Kester 1975).

Testing

Purity and germination or viability tests are
used to provide an e ate of seed quality
rding rates are subsequently based on these
tests |-Im determination of nurber of seeds per
und. Purity and seed weight are obtained
following standardized procedures (AOSA 1981).
Association of Official Seed Analysts (AOSA)
standards for testing the germination of

Table 1.--Nursery production of native plant species

£ 5.6
Acceptable Acceptable Duration of  Storage y o, Presouingy  Stratification
2 purity | germinatign visbilify requirements treatment arm
(percent)’  (percent) (years)

Seed Seed
maturgtion  cleaning

(numbers of days)
Species

by 9
0 open or cold,

. 25-8, 95
Bitterbrush,  6/25-8/15 o

antelope

Buffaloberry, 8/1-9/30 cold, dry
silver

Ceanothus, 7/10-8/15 open.in cold, hot water
redsten

Chokecherry, -9/15 cold, dry 120-160
cormon

Cliffrose, 7/5-8/10 g or cold,
Stansbury

Currant, 7/20-8/10 I-6-4-5 dry, sealed

golden

Dogwnod, 8/20-9/10  3-6-7-4 cold, dry
redostier

Flder, 8/15-9/2% I-hed=5 cold, dry

blueberry

Fphedra, 7/15-9/1
green

Eriogonum, 7/25-8/20
wreth

Hawthorn, 8/15-10/1%
river

luniper, Rocky
Mountatn

Maple, Rocky  8/1-9/30
Mountain

Meuntatn wahogany, 7/10-9/1 open or cold,

dry

curlleaf

Kabbitbrush,  10/15-12,30 Spo

rubber

Rose, Woods  9/1-11/10 eold, dry

Sagehrush, 1/5-1/15
big

Salthush,
fourving
cold, dev
Serviceberry,
Saskatoon
open or cold. !
Snowberry, R/10-9/15 l: i d 11l AOY
common
open or cold, hot water

Sumae £/20-10/10
. . dry

akumkb rush
cold, dry
Winterfat
common

'Purities 1isted are recomsended minimum scceptable levels for rangeland seedlings (Plummer and others 1968),

J. Dybvig with vater; 4. Twn screen fan machine: 5. Gravity table
ta on file at Great Basin Fxperimental Ares;

“Ney: 1. Nasmermil); 2. Barley debearder;
grindermacerator. lorgenson, K.: Stevens, K., Ephraim,

Yecommended minisum acceptable levels for rangeland seedings. K.; Stevens, R., Fphraim, UT: Data on file at Great

Basin Experimental Area; 1982,

“Open warehouse storage. Stevens and others (1981).

".'arl-n (1981),

9 Departsent of Agriculture, Forest Service (1974),

.I"n (1987,

.Yl'uuv\ln used at lucky Peak Nursery.

)

Open storage - asbient conditi Cold, drv storage - dried weed stored under refrigeration at 0° to

containers (RN, of 70 percent or less)




Table 2.--Nursery productfon of native plant specfes'.

Sowing Hand or broad-  Pruning  Lifting

Spectes date cast sowing Top Root considerations  perfod leaves  propagation  considerations

Mitterbrush, Fal

Lateral roots
sntelope

strip eastly

Blueberry, Thick taproot

elder

Buf faloberry,
stlver

Ceanothus,
redatem

Chokecherry,
cie
Lateral roots
strip enstly
Currane,
golden
Pogwood,
tedoster

edra Fraptle roots

riogone, Taproot

. Rocky
untain

Mountain mabogany,

Rabhfehrush,

Large taproc

e tapro
brittle ste

Large tapro

Fxtenetive

root system

n productfon expert
" w tn

1-0

Hardwood
cuteings

Wildinge

Stem
uetings

Toor

cuttings

Mardwood stem

entt ings

apring

T Production Persistent Vegetative Special

Treat seed with captan

Stratified seed germinates
over 2-year perfod.

Short seed collection period,
Insect predation of seeds
common. Seedlings rubject to
damping off, stem rot.

Insect predatfon of seeds

Dre fresh seed several weeks
prior to actd treatment,
Seed lnts frequently do net
gerrinate unifersle,

seed f111,

Warm stratificatior more
effective than acid treat

Fluffy seed = not free flowe
tne.

individual native shrub species have not yet been
established. Consequently, each seed laboratory
has developed or adopted procedures for
germinating commonly tested species.

Individ al populations of a single shrub species
3y vary widely in germination requirements. In
addition, the prolonged stratification periods
required to release the dormancy of many shrub
species (Vcries 1981) decrease the usefulness of
germination tests. Tetrazolium chloride tests of
seed viability are frequently substituted for
mination tests. At present, tetrazolium
hloride test results for native shrubs are
jenerally higher and more consistent than
jerminat results, as not all viable seed will
jerminate under the less than optimum germination
nditions provided.

Conditi

native s species require presowing
tments to ease various forms of seed
y (Heit 1971; U.S. T of Agricul-
Forest Service 1974; Vories 1981; table 1).
id or mechanical scarification, dry heat, hot
water, hormone applications, and other chemical
treatrente are commonly used. The level of
treatment required varies with accession and

ndition of the seedlot,

v wirements of many native shrub
wre met by fall seeding, Heit (1968)
fall seeding of many dormant species ful-

old stratification requirements and

reased seedling production, more
, maximum first year production,
ase | ompared to spring sowing.
sowing recommendations for 55
Species requiring moist, wa
ray sown during the late summer
fall, watered, and covered with a layer
hylene or Iching material.
a1y stratified se dorr
f nondormant speci ch as

or greater. Other nursery drills th ere
developed for conifer seed are difficult to
calibrate and cannot be used to sow
small-seeded species.

Seeding Rate

Optimum seedling densities have not been
established for native shrubs. Densities
selected depend upon the species sown,
geographic location of the nursery, size
requirements for lifted seedlings, and other
nursery conditions. Most shrubs grow rapidly
compared to conifers and can be lifted as 1-0
stock. Fourwing saltbusk, blueberry elder
(Sambucus cerulea), big sagebrush and related
species develop extensively branched shoot
systems, large taproots, and spreading, latera
root systems, particularly when grown at low
densities. Although they grow rapidly, species
such as common chokecherry (Prunus virginiana)
and curlleaf mountain mahogany (Cercocarpus
ledifolius) usually produce one main shoot
only 7 ate sized root systems, Slowly
developing species such as silver buffaloberry
(m‘m' rdia argentea) and Rocky Mountain maple
may be Vifted as 2-0 stock and are normally
planted at higher densities than species on a
1-0 rotation. Desired ps for native
plant species range f
foot 2 to 269/m?) g e Lucky Peak Nursery.

25 per square

For many shrub species, the amount of seed
required to produce a requested number of
seedlings may be only estimated. Culling r
and seedbed mortality figures have not been
established for individual species at most
nurseries because too few seedlots have been
sown to provide adequate data. In addition,
these figures tend to vary with the seed
accessions being grown, At the Lucky
tursery, seedbed mortality for

estimated to bhe approximately

the culling rate 15 percent.

mortality figure of 40 p ent

of rcent are used for all

plant species.

The ; ; equation may be used
the am " an. eed required t
antable seedling
tants for
irsery were

od e




e as a
s and shrubs normally
ilizer treatrents at the
ysand pounds per acre
ite is
to sowing.
Arronium nitrate (3 and superphosphate

prior

-46-0) are d as side dressing

Weed Control

S umigants may be applied to nursery beds
before shrub seeding to reduce weed problems,
However, Tate Auqust or rly September fumiga-
tion with methy! bromide (98 and 67 percent) at
49 and 349 Tbs/acre (280 and 392 kg/ha) followed
by seeding of broadleaf species has produced
nsatisfactory results in northern Plains
nurseries (Riffle 1976). Poor seed germination
and erratic growth during the first growing
period following fumigation were attributed to
decreased endomycorrhizal spores in the soil and
endomycorrhizal development on seedlings (Riffle
1980). The use of fumigants such as Mylone that

inate root pathogens but are not harmful to
mycorrhizal fungi was recommended.

Most rative shrub seedlings are weeded
mechanically or by hand as herbicide
recommendations are not available for individual
pecies. ohmiller and Young (1972) believed
that herbicide recommendations established for
wgricultural species could be transferred to
related wildland shrubs following simple testing.
They found that eerergence herbicide techniques
ped for peanuts and soybeans could be
ed to several lequminous shrubs.

troduced hardwood species as well as
rbrush and common chokecherry have
the Western Forest Tree Nurser
1980; Ryker 1979).
wing and postgermination
fuced height growth of
hokecherry while
ne of

de has

Nursery.
ing herbicide

i i1y, producing
branched shoots (fourwing saltbush, big
) or shoots with numerous large leaves
(blueberry elder, smooth sumac) during the
first growing season. Large plants dominate
r germinating seedlings,
Tack of plant uniformity. Top
seedlings encourages more
uniform growth and improves shoot/root ratios
because smaller seedlings are released fri
competition. Top pruning early in the
promotes the development
the Tower stems (Williams and
Seedlings may also be top c
nursery during the dormant
packing shed after 1ifti
desirable size for packirg and planting

Roots are pruned to increase seedling
uniformity, stimulate fibrous root development,
and improve shoot/root ratios. Severing the
taproot of bitterbrush, fourwing saltbush,
blueberry elder d other species early in the
growing seas serves to stimulate lateral root
growth. The fibrous roots that develop are
stronger and less easily damaged during
lifting. Pruning taproots of rapidly growing
species one or more times during the growing
season at increasing depths (for exaryle, 4, 6,
and 8 inches [10, 15, and 20 cm] also prevents
the development of a thick root at the normal
lifting depth. [f these thick taproots are
damaged during lifting, the open wound can
easily be infected with disease organisms.

Lateral root pruning is used to increase
fibrous root development, control seedling size
and facilitate 1ifting. Roots of some species
(for example, shrubby penstemon [Penstemon
fruticosus]) may intertwine in the nursery bed
and must be separated by hand during sorting.

SEEDLING HARVESTING AND STORAGE
Lifting

Shrub seedlings are frequently lifted in the
spring, and usually break dormancy earlier in
the spring than do conifers. They may also be
lifted in the fall for immediate planting, when
weather and soil conditions are favorable.
Fall lifting and overwinter storage is a third
ially for stock that must be
in the spring before weather
ditions would permit lifting, Fall lifting
overwinter seedling storage also serve to
the spring workload and free bed space
sowing. Seedlings should not be 1ifted in
fall until they are adequately hardened by
ssure to low temperature or frosts, or

ollowing leaf fall (Williams and Manks 1976)

Species with fragile root systems or brittle
shoots are easily damaged during lifting,
packing, and planting. Plants that produce
extensive root and shoot systems that have not
been adequately pruned are bulky and difficult to
pack and plant without damaging the plants or
reducing survival.

Grading

Grading criteria have not been established for
most native plant species. If possible,
seedling specifications should be developed

with the customer before sowing. Several
factors should be considered in establishing
specifications for individual species and
orders. First, past outplanting experience may
indicate morphological or size characteristics of
seedlings that are correlated with transplanting
success. For example, Carpenter (1983)
recommends that only those antelope bitterbrush
seedlings with branched stems should be used as
this characteristic seemed to be indicative of an
adequate root system for field planting (table
3). Second, seedling size requirements are
related to planting site conditions; larger
seedlings are generally required for more
adverse sites. Third, size specifications may
be modified to fit the proposed planting

method. Seedlings with bulky root and shoot
systems are difficult to plant using standard
planting tools or mechanical tree planters.
Fourth, customers may have individual
preferences based on planting goals or past
experience,

~-Grading and f1rst year field survival of antelope bitterbrush
seec Lucky Peak Nurscry. Nursery bed dersity 17.6
per square foot (180 seed ings/m?)

Size Clans
1
Grading
Shoots
Tength (tnches) £.7 (4-8) 6.5 (6-8) +8.0)
branching branches <1/3 branches equal  branches equal
Tength of main stem wain item length main stem lemgt
oy ot (g) 0.5 L )
Boots

Tength (fnches) - 10.7 (10-12)
description » fow i

dry wt. (g)

Outplanting
Percent of plantaple
seedlings
survival (percen

Storage

Fall-lifted seedlings of deciduous species may
be held in frozen storage at 28°F (-2°C) for
extended periods. Seedlings must be protected
from desiccation. At the Lucky Peak Nursery
antelope bitterbrush and other shrubs may be
fall-lifted for immediate planting at local
sites. Seedlings not planted are packed in
Kraft bags with polyethylene liners and stored
in coolers at 28°F for spring planting
(Carpenter 1983; Carpenter, personal communica-
tion). Fall-lifted seedlings with persistent
leaves are subject to mold infection if held in
cold storage and may be more successfully
stored by "heeling in", although the success of
this technique depends upon local weather
conditions. At Lucky Peak spring-lifted shrubs
are refrigerated at 32° to 34°F {0° to 1°C) in
Kraft bags for periods of 1 to 3 months prior
to planting.

VEGETATIVE PROPAGATION

Some species of native plants are more easily
and economically produced from cuttings than
from seed. Vegetative propagation is also used
to maintain the genetic identity of stock with
desirable characteristics. Such easily rooted
species as willows (Salix spp.), poplar
(Populus spp.), and cottonwood are often
produced from hardwood cuttings, Oldman
wormwood (Artemisia abrotanum), Absinthium (A.
absinthium), wilTow {3alix spp.), and currant
(Ribes spp.) have been grown from cuttings at
the Lucky Peak Nursery.

Hardwood or semi-hardwood cuttings of the
wormwood species root readily and may be
collected and planted immediately without
callusing. Cuttings may be made when the
plants are dormant or during the growing
season. Most species that can be propagated
vegetatively in the nursery are grown from
hardwood cuttings. Hardwood cuttings are inex-
pensive and are easily collected, handled,
stored, and propagated. Cuttings may be
collected from stands near the planting site or
from cutting blocks maintained at the nursery.
Cuttings are taken during the dormant period
from healthy, moderately vigorous plants
growing in full sunlight. Wood from the
previous season's growth should be selected.
Individual cuttings should ~clude at least two
nodes and may be from 4 to 30 inches (10 to 76
cm) in length and from 0.25 to 1.5 inches (0.6
to 3.8 cm) in diameter (Martmann and Kester
19755 Williams and Hanks 1976).

Cuttings of species that do not root readily
may be treated with a root-promoting substance
such as indolebutyric acid, naphthaleneacetic
acid, or indoleacetic acid. Indolebutyric acid
at concentrations between 500 and 10,000 ppm
(0.05 to 1.0 percent) is commonly used with
higher concentration usually being more
effective for hardwood cuttings. Fungicides
such as captan or benomyl may be applied in
combination with rooting compounds. Cuttings
should be allowed to callus for several weeks




in cold storage before planting. Dormant
cuttings are planted 2 to 4 inches (5 to 10 cm)
apart within rows of the nursery bed with at
least one bud above ground. They should be
watered frequently as roots begin to develop.
Willow, currant, wormwoods, poplar, and other
rapid-growing species can normally be lifted as
1-0 stock.
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PRODUCING NATIVE /L 'S AS CONTAINER SEEDLINGS

Collect Seed

Thomas D. Landis and Edward J. Simorich l l l I

ABSTRACT: Crops of native plants should be planned
to allow enough time for seed collectfon, seed
processing, seed treatments and stratification,
greenhouse growth, and hardening. An ideal con-
tainer nursery consists of a productfon green-
house, a cold frame, a shadehouse and refrigerated
storage. Four propagation methods can be used to
produce native plants: direct seeding, geraminants,
transplants, and rooted cuttings. The cholce of
container should consider seedling g-owth, species
characteristics and outplanting site. Most native
plants can be grown reasonably well under a stand-
ard greenhouse environment and in commercial pot-
ting mixes. The type and amount of hardening will
depend on the species characteristics and the
future use of the plant. Nursery managers must be
aware of variation between species, seed sources,
and annual seed crops. Successful growers must
acquire direct experience {n producing each

species under their own nursery system.

INTRODUCTION

The large scale production of native plants is
still a relatively new enterprise and the grow—
ing of container seedlings in greenhouses {s the
newest production technique in western forest nurs-
eries. Producing native plants in contalners is a
logical operatfon, however, because some species
have proven difffcult to grow as bareroot seed-
lings. For example, Mormon tea (£

very brittle stems and fragile root

are sensitive to breakige during bareroot lifting
operations and the expansive root systea of elder-
berry (Jinbucue spp.) makes it hard to culture fn
seedbeds. Other native plants such as Arizona
cypress (Jupredaua 1 1) just seem to grow
better in containers.

Contalner seedlings have been reported to have
several advantages over bareroot seedlings such

as a shorter production period and improved sur-
vival and growth after outplanting (Stein 1974).
As already mentioned, some species are easler to
grow In containers compared to bareroot stock and
there is no root disturbance during seedling pro-
cessing. On the outplanting site, container seed-
lings suffer less transplant shock and are generally
easfer to plant than bareroot seedlings. [Instead
of the limited spring planting period for bareroot
trees, contalner seedlings have been successfully

- andis (s Western Nursery Specialist
for the USDA Forest Service, Lakewood, Colo.
Ed Stmonich ls Nursery Manager for Native
Plants Inc., t Lake City, Utah.

outplanted during the fall and may be suitable
for other planting times as well (Stein 1974).

Although tree seedlings have been grown in con=
tainers for well over a decade, only a few nur-
series are producing native plants as contalner
seedlings. Compared to commerclal tree species,
very little is known about the culture of native
plants in greenhouses. Many nursery managers are
reluctant to try and grow natives because they
have heard horror stories about the difflculty of
breaking seed dormancy, and the availability and
quality of native plant seeds have been unreliable.

The objective of this paper, therefore, {s to
discuss some of the cultural practices useful in
growing native plants in containers. Because of
their years of experience and good reputation in
the field, the greenhouse operations of Native
Plants Inc. of Salt Lake City, Utah, will be used
as a model throughout the paper. Other pertinent
literature will be referred to whenever appropriate.

PLANNING AND CROP SCHEDULING

Before the decision is made to produce native
plants in containers, the grower should assess
the potential market. This assessment requires
business and marketing skills which are beyond
the scope of this paper. Basfcally, though,
there are two business approaches: (1) contract
growing, or (2) speculation on future demand.
Growling contracts are typically for a designated
nunber of one or more plant species which are to
be grown to certain size and quality standards by
a speciffed time. Speculative growing is often
risky and requires a keen appraisal of future
markets. Some nurseries like Native Plants Inc.
operate with a combination of contract and specu~
lation growing.

The market analysis should result {n a list of
plant species to be produced. The grower must
next decide whether the species can best be prop-
agated by seeds or by vegetative cuttings. Seed
dealers should be consulted to determine seed
availability as some native plants do not produce
a good seed crop every year and seed of some
species does not store well. The grower must be
certaln that he can secure seeds or cuttings
before proceeding with the planning process.

When the crop species have been selected, the
grower should develop detailed production
schedules that delineate the duratfon and sequence
of the various operations (fig. 1 & 2). Crop
planning is normally done during April or May so
that there s enough time to secure seed later

{n the summer or early fali.

anlfFebiMarApr JunlJul
Stratification

Greenhouse

| 51 )

arfdApriMayJun
adehouse

Novbecl

Figure 1.--Production schedule for growing native plants in containers:

creeping Oregon grape (Mahonia repens)--germinants

Collect Seed

| Strat.

Transplanting

| ] Greenhouse

anfFe AprMayJunjJul
Greenhouse

Hardening

| | | Shadehouse

Figure

: ==Production schedule for growing native plants in contafners
Rocky Mountain juniper (Juniperus scopulorem)--transplants




production may take from 2

on the species of natlve plant and the type of
propagation system (fig. 1 & 2). These rotation
times are longer than for a typical conifer seed-
ling which may take on'y from 8-12 months. The
longer production perfod is primarily due to the
problens with seed collection and processing and
the extended stratification periods required for
aany native plant species. Lf seed can be obtained
{amedfately, then the production time of some
native species can be reduced to about 1 year.
Most native plant seed can be collected and stored
ahead of time although storability varies with
species. Butterbrush (7 a

stored under refrigeration for over 10 y

whereas prostrate summer cypress (< i

loses viability after one year (Steve Monsen, per.
comm.). For planning purposes, however, ft would
be wise for new growers to allow ample time to
grow their first crop of native plants.

ompared with many greenhouse crops where the
plants are sold directly out of the production
greenhouse, native plants must be properly hard-
ened before they are suitable for sale. This
hardening period will be discussed (n detail later
but normally requires at least 1 month.

PRODUCTION FACILITIES

Whereas many ornamental crops can be produced in

a single structure, the greenhouse, native plants
may require as many as four separate facilities.

An {deal container nursery consists of 1) a pro-
duction greenhouse to grow the seedlings, 2) a cold
frame or shadehouse to harden the plants 3) a shade-
house to store the seedlings until they are sold
and 4) refrigerated storage to maintain dormant
stock for late season plantings. Native Plants
Ine. has a three-structure system consisting of
greenhouses, a cold frame, and an extensive shade-

house.

The best type of greenhouse depends on several
factors but most important {s the nursery climate.
Most nurserfes {n the Intermountain area use
fully-controlled houses which give {mum control
over the environment whereas nurserles (n milder
climates may be able to use semi-controlled green-
houses. The advantages and disadvantages of
different facilities are discussed {n detail in
Tinus and McDonald (1979).

One of the operational advantages of a fully-
controlled greenhouse is the production of more
than one crop per vear; Native Plants Inc. is
capable of producing two to three crops of plants
per ar depending on specles. me plants do not
grow well during the winter
length Is short and light intensities are
Squawbush (e trf it1) Is very sensitive to
photoperiod so crop lights are ssary to pro-
ps (Steve Monsen, pers. comm.).
st naturally grow better during
the summer season.

The optimun size of greenhouse for producing native
plants will vary, depending on the need for sepa=
rate growlng environments and the cost and opera=
tional difficulties of maintaining (ndividual
houses. Small, separate greenhouses perait the
nurseryman to generate a range of environments

and are also better for multiple cropping because
specles with !ifferent growlng requirements can

be sown and hardened at different times during the
season. Separate houses allow more flexibility
because the nursery manager can shut down some of
his greenhouses and grow a smaller crop more
economfcally. A single, large greenhouse can be
designed with moveable curtains to produce com=
partments with different environments but the
crop lights and trrigation system should also be
under separate controls. On the other hand,
larger houses are generally cheaper to heat and
maintain, and less expensive to bulld than a
range of smaller greenhouses.

PROPAGATION METHODS

The cholfce of propagation method is probably one
of the most critical phases in native plant pro-
duction. The majority of seedlings in forest nurs-
eries are produced by direct seeding but the
stringent stratification requirements and linited
avatlability of many native plant seeds may require
other approaches.

Native Plants Inc. uses four different methods to
propagate woody plants in containers: direct
seeding, germinants, transplants, and rooted cut-
tings (table 1). Some species such as pinyon

plne (- P 2) are only produced by one method
(seed) whereas others such as common juniper
(Juninewes sommnia) can be propagated by germin-
ants or cuttings The chofce of propagation
method also has {ts economic considerations.

Direct seeding is the cheapest method because of a
lower labor requirement compared to the rooted cut-
ting technique which {s more labor intensive and
requires special factlities.

Direct seeding fs defined as the sowing of seed
into the growth container and is the standard
technique for most conifer species and wildflowers.
This propagation method s limited to those spec-
fes with little or no dormancy requirement which
works out to about 10 percent of the species pro-
duced at Native Plants Inc. The advantages and
disadvantages of this method are given in table
1. If a stratification period or other pre-
treatment s speciffed, then the seed is treated
prior to the planned sowing date. Otherwise, the
weed fs generally soaked In room temperature
water for 24-48 hours and surface dried before
sowing.

The seeding procedure begins with the calculation
of the proper sowing density based on minatlon
tests and past experienc Generally several

seeds are sown per contafner and are later thinned
to one seedling per cell. Be e of the frregular
shapes and sizes of most native plant sceds, most
sowing (s done by hand although a shutterbox or

Table l.--Properties of four propagation methods

for producing native plants {n contalners

Propagation Techniqu Advantages

1. Seeds - Direct sowing of * Quick

seed to growth * Minimal handling of seed
containers * Sowing can be mechanized

Disadvantages

Hard to control cell occupancy
and seedling density
* Requires thinning and consolidation

* Uniform crop development  * Inefficient and costly use of seed

* Greenhouse time lost prior to
emergence

2. Germinants - Sowing

Control of cell occupancy * Sowing s slow 1d nvolves skilled

germinated and seedling density labor

seed from Efficient use of valuable -

stratification seed

Irregular germination rate may cause
variation (n crop development

Into growth Good use of greenhouse * Nuaber of seedlings subject to

contafners space

Accommodates varfahle

quality of seed lot
* Requires specialized stratification

germination rates chambers

3. Transplants - Seedlings are

Control of cell occupancy * Transplanting 1s slow and involves

grown in trays and seedling density skilled labor

and transplanted * Efficient use of valuable

to growth seed

containers * Good use of greenhouse

space

* More uniform crop
development

* Requires addit{onal operatfon of
sowing ed trays

* Overly dense seed trays could lower
seedling vigor or lead to disease
problems

* Can use natural or arti-
ficial stratification

4. Rooted cuttings - Vegetative

“ Control of cell occupancy * Transplanting is slow and involves

cuttings are and seedling density skilled labor

rooted in * Not dependent on seed

trays and crops

transplanted * Good use of greenhouse

to growth pace

* Some specles do not root well
* Requires special facilities
* Most costly technique

s
contalners * Abflity to preserve
desirable genetic

characteristics

* Some species can be pro-
duced more quickly

* Maintain sexual character-
isties of dioeclious

species

vacuum seeder could be used for certain cle:
and large seed lot The sown seed "35§§:}'
covered with some type of materfal such as per=
lite or grit to hold the seed in contact with the
potting soil and retard evaporation and algae
growth.

The success of the direct seeding method (s
dependent on the accuracy of the seed information.
Germination tests vary from lab to lab and no
standardized tests are avallable for many native
shrubs and forbs. Laboratory germination tests
are run under ideal conditfons and therefore test
results may differ from greenhouse germination.
Sometimes the seed {s obtained Just before the
sowing date and so there is not enough time for
seed testing.

The germinant technique s defined as the sowing
of pregerminated seed into the growth contafner.

ARLE

This propagation method (s best for plants with
simple dormancy requirements and specles with
seeds too large to handle mechanically. It is
particularly suftable for seed lots of varfable
or unknown quality because only good seed is

sown in the growth contalner. Cell occupancy

{s maximized with this method as there are fe
blank cells and no subsequent thinning (s needed.
The germinant technique s used for about 15 per=
cent of the native plant species produced at Nat{ve
Plants Inc. The advantages and disadvantages are
listed In table 1 and a sample production schedule
is glven n fig. 1.

eratnant procedure requires clean seed se
lots should be surface sterilized with chlorox
ptan to reduce molding during stratificatfon.
The seeds are usually hydrated with a 24-48 hour
soak and then prepared for the stratification
chamber.




Seed can be germinated in “naked” stratification
where the bare seeds are kept in a plastic bag or
mixed with a mofsture-holding material su ' as
peat moss. Native Plants Inc. uses a fine-
textured, sterile peat moss, mixes the sced with
the moss, and places the mixture in a plast

in a refrigerator at 30° to 40° F (-1° to +4° C).
The acid peat moss helps retard seed molds during
the lengthy stratification period which can last
up to 8 months. The stratification bags should

be checked at least weekly until germination
begins. Seeds are ready to transfer to the growth
container when a white radicle becomes visible

but before the radicle becomes so long that it is
easily damaged. Cracked seeds are not necessarily
germinating; some specles of seed swell and crack
long before the radlcle begins to emerge. Choke-
cherry (: we vivginiing) seeds may take several
months to produce a radicle after the seed fatlally
cracks.

The planting operation consists of pouring the
stratified seed out In a tray and picking out the
germinants by hand or with tweezers. The germin—
ants are placed {n a depression or small hole in
the potting soil in the growth container and
covered with grit or perlite. Seeds should be
placed with the radicle oriented downward; (f the
radicle is pointed upward It will reverse ftself in
response to gravity which may result in a stem
crook In the young seedling. The crews at Native
Plants’ greenhouse have been able to achieve pro-
duction rates of 1500-2000 plants per person-day
using this procedure. It is a good {dea to double
gow the last couple of rows of contalners in each
tray to provide extra seedlings to transplant

back into any empty cells.

Once all the germinants have been planted out of
the tray, the seeds are placed back Into the
stratification bag and returned to the refriger—
ator. The planting crews go through the strati-
fication bags three times per week until the
germination rate begins to decline. These bags
have been maintained for as long as 8 months for
some specles (eg. "murss spp.) and germinating
seed can be used as long as mold does not be-
come a problem.

Transplants are the third propagation method used
at Native Plants Inc. and account for 65 percent
of the spectes produced. Transplants are defined
as seedlings which are grown to the cotyledon
stage in trays and then transplanted Into growth
containers. This propagation method (s best for
woody plants with complex dormancy requirements
or for species such as quaking aspen whose small
seeds would be almost impossible to plant by hand.
This technique s (deal for seed lots of varfable
or unknown quality. A list of the advantages and
disadvantages of the transplant method (s given
in table L.

The transplant trays ace filled about 2 inches
(5 cm.) deep with standard potting mix and broad-
cast seeded by hand. Very small seed can be
applied through a large salt shaker to ensure
even seed distribution. Cover the seed with a
light application of a fine-textured materlal
such as sand-blasting grit.

The transplant trays are filled about

(5 e¢m.) deep with standard pott mix and broad-
cast seeded “y hand. Very small seed ¢ be
applied throu a large salt shaker to ensure
even seed distribution. Cover the seed with a
1ight application of a fine=textured material
such as sand-blasting grit.

Seeds that require stratification are sown in the
fall, irrigated, and placed outside [n a sheltered
locatfon and protected agalnst dessication. This
outside storage allows the seed to naturally
stratify over winter. When the trays are brought
into the greenhouse in the spring, the seeds
germinate readily and can be {mmedfately trans-
planted. A growing schedule for this propagation
method is glven in fig. 2.

For seeds that do not require stratification, the
transplant trays are taken directly into the green=
house. In the greenhouse, the transplant flats
are kept moist by frequent hand irrigation and
geralnation usually occurs in 1-2 weeks. Once the
seedlings grow to the cotyledon stage and begin to
grow primary leaves, they are ready for trans=
planting. The transplanting procedure consists of
working the seedlings loose from the soll, making
a dibble hole in the potting soil of the growth
container, and transplanting a seedling into the
hole. The potting soil {s then firmed around the
seedling and the growth containers are frrigated
and moved to the greenhouse benches. An experi-
enced worker can transplant up to 2,000 seedlings
in an 8-hour day.

When all the seedlings have been removed froa the
transplant trays, the sofl Is mixed, the trays
{rrigated, and the plants allowed to sprout again.
Depending on the germination rate, the trays may
produce up to three successive crops of transplant
materfal.

Rooted cuttings are the final propagation method
for native plant production. This technique con-
sists of rooting vegetative cuttings in trays and
transplanting them to growth containers. Approx=
imately 10 percent of the species grown at Native
Plants Inc. are produced by cuttings which is the
best method for plants that are difficult to grow
from seed or for which seed {s difficult to obtain.
The advantages and disadvantages of rooted cuttings
are listed In table 1. At the Native Plants Inc.
greenhouse, rooted cuttings are used as a last
resort when the species cannot be relfably pro-
duced by another propagation technique; based on
thelr cost flgures, rooted cuttings are four to
five times as expensive to produce as seedlings.

The productlon of rooted cuttings requires a spe-
clal propagation facility which at Native Plants
Inc. consists of a separate greenhouse with heated
benches and a special misting system to control
relative humidity. The cutting room Is malntained
at 70 to 75° F (21 to 24° C) and humidities appro=
aching 100 percent. The atomized misting system is
designed to mafntain high humidities without over-
watering the media in the cutting trays because fun=
gal diseases quickly become damaging under saturated
soil conditions. Supplemental lighting is used to
extend normal day length and permit the product lon
of rooted cuttlngs year round.

Cuttings are normally collected from plants in the
field. The best season for collection depends on
the species. Cuttings of two specles of saltbush

Loz

f’ etz and 4. conUetifoli:) rooted
best when collected (n spring or summer but the
rooting percentage dropped markedly when cuttings
were taken In the fall (Richardson and others
1979). Cuttings of some species such as big sage-
br?:h (Artemisiz tridentata) root better when
collected during winte ez
Solnsted. 19795- ter dormancy (Alvarez-Cordero

Native Plants Inc. currently collects most of
their cutting materfal from "mother plants” which
are older plants from the production stock at the
nursery. To prevent disease spread, these mother
plants are sprayed with a broad spectrum fungicide
prior to collecting cuttings. Richardson and
others (1979) reported that cuttings from green-
house-grown plants rooted considerably better than
fleld-sullected cuttings for greasewood

reobatus v wlatus}, a specles t -
mally difficult to propagate v::e:nt(v::;.ts e

A good step-by-step procedure for collecting cut-
tings i{s described by Norris (1983). Cuttings
should be collected early in the day from new
growth of active, healthy plants. Cutting the
stem at an angle Increases the surface exposure
to increase new root productfon sites. All
leaves should be removed from the lower third of
the cutting and the cuttings should be kept in a
;Yady, moist location. The crews at Native

ants Inc. prefer to plant the
day as it is cnllectcd? Al

Before the cuttings are planted, e

treated with a special h:rmnne tot::¥u:;;t:f;::-
ductfon of root primordia. These “rooting” chemi~
cals can be made from scratch by mixing indolebutyric
acid (IBA) with common talc, or you can buy commer-
:lal products such as Rootone or Hormodin. The

est concentration of rooting hormone de
many varlables but, in aener:l, the norepzrg;lzzlt
the plant i{s to root the higher the concentration
of rooting chemical that should be used (Norris
1983). The rooting success of big sagebrush cut-
::ﬂg!{lnc!;dled with Increases {n IBA concentra=-

on from 0.0 to 2.0 8
el percent (Alvarez-Cordero

Treated cuttings should be inserted to a depth of
1 to 2 Inches (2.5 to 5 cm) into a well-drained
medfum {n a shallow rooting tray. The best media
for rooting cuttings is subject to debate. Norris
(1983) recommends a 1:1 ratio of peat to perlite
or peat to fine sand. Natlive Plants Inc. uses
different grades of sand and several combinations
of sand, perlite, and potting sofl. More {nforma=
tion {s needed on the best rooting media for
different native plant specles. Generally, the
rooting medium does not contain any type of ferti-
lizer because of a possible stimulating effect

on disease organisms.

Some cuttings root quickly so {t is important to
begin checking the cuttings after the first week.
Typically, the cuttings “"callus-over” flrst and
then produce adventitious roots from the callus
tissue. Some cuttlings such as those of Juniper

take as long as 6 aonths to root, so the

should [be. taspected tepulasly for cooting or ders
ease problems. Cutting success can exceed 95 per-
cent with some species and Native Plants Inc. has
achleved 75 to 100 cuttings per sq. ft. (6.9 to
9.3 per sq. m) of bench space.

The rooted cuttings should be transplanted immedi-
ately {nto a dibble hole in the growth container
being careful to protect the new roots from
Injury, The transplanting procedure is inherently
slower than any of the propagation methods using
seeds but {t i{s possible to reach up to a 95
percent success rate I{f the transplanting is
performed conscientiously. The transplanted
cuttings are grown under the standard greenhouse
environment with special attention to irrigation
during the inftfal period.

Another technique for producing cutting materfal
involves the use of root sprouts. Species that
rgsenerate by root suckers such as quaking aspen
(Populus tremuloides) can be propagated by plant-
ing sections of lateral roots in an optimum en-
vironment and harvesting the succulent sprouts
(Schier 1978). The excised roots are cut into

6 tnch (15 em.) sections and covered with potting
media in a shallow tray and placed in the green—
house. After several weeks, root sprouts will
appear. These sprouts are cut off, treated with
rooting hormones, and transplanted to a growth
container. This technique is an effective way to
propagate certain specfes but {s quite costly In
terms of the labor requirement.

PROPAGATION OF SELECTED NATIVE PLANT SPECIES

The propagation techniques used by Native Plants
Inc. for 23 native plants are provided in table 2.

The stratification periods recommended in Seeds
of Woody Plants {n the United States (USDA 1974)
{1lustrate the wide ecotypic varfation In some
species (e.g. Woods rose, 30-365 days) and lack
of data for other species. The propagation
methods listed are those most commonly used and
some native plants can be propagated by more than
one technique. Certain specles are produced more
easily during a particular season In the green-
house whereas others can be grown any time during
the year. Cropping time {ndicates the amount of
time required to produce a saleable plant in the
greenhouse and varies from 3-16 months.

GROWTH CONTAINER AND POTTING MEDIA

The best size, shape, and volume of growth container
for producing a native plant that will survive and
grow well in the field s a subject that (s still
open to debate. Ferguson and Frischknecht (1981)
recommended a container that {s 6 to 8 fn. (15

to 20 cm) deep and has a volume of 15 to 25 cu.

{n. (245 to 410 cu. cm.). Barker and McKell (1979)
grew four-wing saltbush (4. caneacona) and grease-
wood (n four sizes and types of containers ranging
from 6 to 70 cu. {in. (98 to 1147 cu. cm.) and
found that shoot length, shoot blomass, and root
biomass all Increased with size of contalner.




Table 2 - Propagation procedures for selected native plants

Stratification

Species _Period (Days)!/

Acar circinatum, vine maple 1l

120-240

]
11

Propagation

Hethod?/

seasond/ _

I I

C
Time (mos)

|| spring | _4-5

Amelanchier alnifolia, serviceberry

120-180+

1l

Il Ay |

Arctostaphylos spp., manzanita

0-210

Il

|| Any !

Artemesia tridentata, big sagebrush

0-10

Atriplex canescens, fourwing saltbush

30-50

|l spr, Sum

Cercocarpus montanus, mountain mahogany

30-90

|l spr, Sua |
|
]

1L Any

Chrysothamnus nauseosus, rabbitbrush

0-120

11 Spe, Sua |

3-4

Jowania mericana, cliffrose

|| spr, Sum |

6-8

Ephedma viridis, Mormon tea

1| Summer

4-6

Juniperus acopulorum, Rocky Mountain juniper

12-16

Pinus monophylla, singleleaf pinyon

8-12

Populus angustifolia, narrowleaf cottonwood

3-4

Populus tremuloides, quaking aspen

3-4

Potentilla [raticosa, shrubby cinquefoil

3-5

Prunus virginianz, chokecherry

120-160

CE R SR R R CRE RG]

3-5

60-90

1o

4-8

Purshia _tridentata, bitterbrush

Quercus gambelii, Gambel oak

6-8

Phue trilobata, skunkbush sumac

30-90

o o

4-6

Hosa woodaii, Woods rose

30-365

|| Spr, Sum |

3-5

Sambucus cerulea, blue elderberry

30-210

T,
L

|| spring

3-5

Shepnemdia argentea, buffaloberry 11

0-90

]

|| Summer |

4-6

Symphoricarpos oreophilus, mountain snowberry ||

60-300

1

4-6

Yucea glauca, yucca 1

0

1l

S

1| spring |
|| spring |

46

1/ USDA-FS. 1974. Seeds of woody plants (n the United States.

S = geed; G = germinants; T = transplants; C = cuttings

Spr = Spring crop; Sum = Summer crop

They concluded that, all other things being equal,
these two native plants should be grown In the
largest contalner possible.

The best contaliner size for good fleld performance
Is not necessarily the best contalner for seedling
growth in the greenhouse. Plants grown in large
capacity containers generally perform best (n the
fleld but require too much greenhouse space and
are costly to handle and ship. The best container
also varies with plant species and environmental
and soll conditions on the outplanting site.

Native Plants Inc. uses two different “tubepak”
containers for most of thelr species: the b-pack
contalners contain 13 cu. In. (21) cu. cm.) and
the 5-pack has a capacity of 17 cu. In. (279 cu.
em.). Most species can be grown satisfactorily in
the 13 cu. in. contalner but many broadleaved
species have to be produced Lu the larger cells
because their large leaves [ntercept irrigation
and shade out ad jacent seedlings. Some native
plants such as elderberry (Sr<bu nus spp.) and

mountain-ash (=

Agric. Handbook No. 450.

883 p.

= spp.) have massive root

systems that require larger capacity containers.
The density or spacing of the contalners [n the
rack is also fmportant because some species do not

grow well at higher densitfes.

Obviously, more

work is needed to deteraine the best container to
use for each of the native plant specles.

Based on their experlences at the Native Plants'
greenhouses, most natives grow quite well fn stand-

ard potting mixes.

Native Plants uses a mixture

of equal portions of four materfals: peat moss,
vermiculite, perlite, and composted bark. They
also Incorporate a starter fertilizer mix (Osmocote
14=14) {nto the potting sofl at 10 Ibs. per
yd. (7.6 per cu. m.) and Micromax at 1.5 Ibs
per cu. yd. (1.1 per cu. m.)to supply mfcro=

nutrients.

The potting mix should be near pH 5.5 and have
an electrical conductivity (E.C.) reading of less

than 2.0 mmhos.

Other researchers have reported on potting mixes
for native plants. Ferguson and Monsen (1974)
found that mixes containing peat moss and vermi-
culite produced better mountain-mahogany
(Corsomarmua ‘7 lfus) seedlings compared to
those containing sand. The SEAM project at the
Coeur d'Alene nursery produced 40 different spec—
ifes of native plants using a standard l:1 mix of
peat moss and vermiculite. Ferguson (1980) stud-
ied 39 different potting media and found that no
one mix was consistently superior. He did report
that a potting mix of 50 percent peat moss, 30
percent arcillite aggregate and 20 percent vermi-
culite is recommended for Bonneville saltbush

(4. bomnaville and possibly other plant spec-
les native to alkaline solls. Mixing native soll
{nto standard potting mixes can Increase growth
of some chenopod species (Monsen, pers. comm.).

A survey of nurseries growing desert shrubs
reported a wide variety of potting mixes that
contained such diverse components as sand, cinder,
peat moss, composted bark, charcoal, sawdust,
verniculite, perlite, and native sofl (Anon.
1979). Obviously, there s much variation in
potting mixes but it appears that standard
commercial potting soils are suitable for most
native plants although special mixes may be desir-
ible for some specles.

HOUSE CULTURE

Native shrubs have been found to grow well under
normal greenhouse environments. Native Plants Inc.
uses a uniform environment with day teamperatures
of 80°F (27°C), night temperatures of 65°F (18°C),
a relative huaidity of 30-40 percent, 8001500 ppa
carbon dioxide and a 24-hour intermittent photo-
period of 40 ft. candles. The SEAM project at
Coeur d'Alene nursery maintalned a greenhouse
temperature of 65°F (18°C) for the entire growing
cycle and I[ntermittent photoperiod lights (20

sec. every 3 min.) at an intensity of 20-40 ft
candles. Monsen (pers. comm.) stresses that many
native plants are very sensitive to photoperiod
and so greenhouses should have continuous lighting
systems.

Fertilization at the Native Plants' pgreenhouse {s
applied hy two methods, Osmocote l4-14-14 ferti-
lizer is added to the potting soil and Peters
20-20-20 soluble fertilizer is injected through
the frrigation system. The (njected fertilizer
{s not applied at any standard te but is custom=
applied based on experfence. Because of the wide
variation in nutrfent requirements between the
different native plant species, the grower must
visually monitor the growth and color of the
plants and fertilize based on experfence.

Other greenhouse growers also emphasize the bene-
fits of fertilization of native plants. The SEAM
project applied a!l their nutrients through the
terigation system using a commercial 20-20-20

mix at a 1:100 injection ratfo. This solution
was applied weekly at the rate of 2 Ibs. of fer-
tilizer per 500 ft. (0.9 kg. per 46 sq. m.) of
bench space. Once the desired top growth was
achieved, the fertilizer mix was changed to a
15-30=15 mixture. Ferguson and Monsen (1974)

grew mountain-mahogany seedlings with 3 different
rates of Osmocote 18-6-12 slow release fertilizer
ranging from 1 to 4 oz per cu. ft (34 to 102 g.
per 0.03 cu. m.) of potting sofl and found no
significant growth differences between the rates.

THE HARDENING PHASE

The hardening phase {s one of the most overlooked
yet most critical periods in the growing cycle.

It is relatively easy to produce an acceptable
plant in the greenhouse but these plants are
worthless unless they are properly conditioned so
that they can survive and grow on the planting
site. Many native plant species grow very rapidly
under the optimal conditions (n the greenhouse but
this rapid growth consists of relatively large
cells with thin cell walls and little tolerance to
cold temperatures. Unlike most ornamental crops,
native plants cannot be sold directly out of the
greenhouse but must undergo a period of hardening.
Ferguson and Monsen (1974) stated that the proper
amount of cold hardening was one of the most
difficult problems in the container production

of native plants.

Hardening can be defined as the process in which
growth Is reduced, stored carbohydrates accumulate,
and the plant becomes better able to withstand
adverse conditions (Penrose and Hansen 1981).

There are three major objectives of the hardening
phase:

1. To ainimize physical damage during
handling, shipping, and planting.

To condition the plant to tolerate cold
temperatures during refrigerated storage
or atter outplanting.

To acclimatize plants to the outside environ-
ment and satisfy internal dormancy requirements
of some species.

The type and amount of hardening depends on the
individual specfes characteristics and the future
use of the plant. Native plants produced as
ornamentals usually require much less hardening
compared to plants produced for a high elevation
revegetation project. The two most important
factors to consider in designing a hardening
program are the planting date and the climate of
the outplanting site. Most greenhouse nurseries
are loc at low elevations where the growing
season begins earlier than at higher elevation
planting sites. Native plants that will be planted
in an environment that fs similar to that where
they were grown may only require a 4-6 week

perfod of hardening. Plants that are outplanted

at higher elevations during spring or fall must

be able to tolerate colder temperatures and

perhaps even frost.

Dormancy Is another term that is often used in
con junction with hardiness. Dormant conifer seed-
Lings have been shown to have the ability to
produce abundant new roots when planted In a
favorable environment. This high “root growth




capacity” should increase the ability of seedlings
to survive and grow on harsh sites. The role of
dormancy and root growth capacity has not been
studied for most native plants. Plants stored
under refrigeration for extended periods should
also be dormant to minimize respirational heat
build-up In the storage bags. Both dormancy and
cold hardiness can be induced by proper scheduling
of the hardening regime.

Hardiness should be induced in stages and the
process usually takes at least 6-8 weeks. The
hardening begins in the greenhouse by shutting

off the photoperiod lights and carbon dioxide
generators and leaching excess nutrients out of
the potting media. Night temperatures are de-
creased and the seedlings are fertilized with a
low nitrogen/high phosphorus and potassium fertil-
izer. Some growers also induce a mild level of
moisture stress between irrigations which sup-
posedly prepares the plant for the droughty
conditions on the outplanting site. Drought
stressing should be carefully monitored, however,
because overly dry potting soil may be difficult
to rewet and stressed plants may not cold harden
normally. In the final hardening stages, temper-
atures are gradually lowered to the freezing level
and tolerant plant species may even be taken
slightly below 32°F (0°C).

Hardening can be achieved in either of two
structures, a cold frame or a shadehouse. Shade-
houses are generally used to harden crops that
are taken out of the greenhouse in summer or
early fall when freezing temperatures are not
expected. The shadehouse consists of a frame
structure that (s covered with snowfence or shade-
cloth and s equipped with an irrigation and
fertilizer Injection system. Seedlings are
protected from wind, Intense sunlight, and light
frosts in a shadehouse and usually continue to
produce new roots and increase {n stem diameter
during favorable weather. The shadehouse also
provides a good overwintering environment and
such plants are well hardened by the following
spring and ready for planting.

The cold frame used at Native Plants Inc. {s a
mod{fled greenhouse structure which i{s maintatned
at low temperatures to promote hardening. Cold
frame hardening i{s often necessary for crops that
need to be removed from the greenhouse during
freezing weather. Often, cold frames are used

to induce dormancy and cold hardiness in plants
before they are moved to a shadehouse tor tinal
hardening and storage.

VARIATION BETWEEN SPECIES AND BETWEEN CROPS

Although It is possible to grow several species

of native plants under a standard greenhouse
environment, nursery managers should be cognizant *
of the variable growth requirements and morpho-
logical characteristics of the I(ndividual specles.
A grower must directly experience how plants
perform under his own nursery system before he
will be able to consistently produce uniform

crops of native plants.

Individual species will not grow the same during
different growing seasons or during different
years. Some species that grow best during the
summer season will not perform satisfactorily if
grown over the winter. Because of differences
in seed crops from year to year and between seed
sources, every crop of native plants will be
slightly different in growth characteristics.

CONCLUSIONS

1. Crop planning (s very Important when working
with native plants and a crop may take from
2 to } years to produce if seed is not
immedlately available.

Production of native plants may require as
many as four separate facilities: production
greenhouse, cold frame, shadehouse, and
refrigerated storage.

Four propagation methods are used to produce
native plants in contalners: direct seeding,
germinants, transplants, and rooted cuttings.

The best size, shape, and volume of growth
container is dependent on the species of
plant and characteristics of the outplanting
site.

Standard potting mixes are adequate for many
native plants but some species may require
special mixes.

Native plants grow well under normal green-
house environments but a grower should be
aware of Individual species differences.

Plants should be hardened in several stages by
changing the growing environment and moving
them to either a cold frame or shadehouse.

There is considerable variation between in-
dividual species and between seed collections
and so each crop of native plants will perform
differently.
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USF OF SHRUBS OR MINE SPOILS

Stephen B. Monsen

ABSTRACT: Mine disturbances can often be
revegetated through natural plant succession.
Plants that spread well by natural seeding can
be used to seed mine spoils. Transplanting
shrubs and herbs on mine sites hastens plant
establishment and improves productivity and
species diversitv. Mowever, shrub species
differ in their ability to establish and

srvive as transplant stock. Therefore,
planting sites must be prepared to accommodate
direct seeding or transplanting. Fnvironmental
conditions of the planting site dictate the
tvpe of material and methods of planting.
Fxisting herbaceous vegetation must be
controlled to allow shrub seedlings to become
established,

INTRODUCTION

Rehabilitation of mined land normally requires
planting a combination of herbs and woody
species. Natural invasion of native plants
onto mined sites usually occurs too slowly to
icceptably restore the site (Mc¥=11 and Van

; . Planting i{s required to provide
soil protection (Packe: and others 1981),
reduce the spread of weeds, and provide herhage
and habitat to anima's (Monsen and Plummer
1978).

Plantings also serve to establish a desirable

ind compatible array of species that will
initial cover and ultimately develop a
community (Lavcock 1980),

generally harsh s ind
ot alwa saful. Seeding
may fafl when adapted
Considerable difference
e microsites and soil
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sturbed locations (Sindelar 1980).
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considered weedy plants. These may persist for
only a short time, but are useful to initiate
plant succession (Stark 1966).

Species that are acapted to a wide range of
soils, temperature extremes, and moisture
conditions are the most successful species for
harsh sites (Stark 1966). However, ecotypic
differences occur within most species. FEach
ecotype is adapted to a particular range of
conditions, and if planted within its natural
range the selection will do well. If moved to
unnatural conditions specific ecotypes often do
not always survive (Plummer 1977).

Few plants have been specifically selected for
their adaptability to mine disturbances. Only
a limited number have been fully evaluated for
their performance and survival on mine spoils.
YMost species that are currently used are native
or introduced species that have bheen used
nostly for other purposes. However, research
has determined that certain species are adapted
to Infertile soils, and can be used on mined
and associated disturbances (Stark 1966; Aldon
ind Pase 1981).

NATURAL INVASION OF PLANTS

Weedy annuals and short=lived perennial herbs
are the principal epeclies that invade most
mined lands (Howard and Samuel 1979). However,
some important woody plants also spread rapidly
onto abandoned mines (Butterfield and Tueller
1980). Many plants are adapted to mine
disturbances but spread very slowly by natural
weans. Invasion by plants is often hindered by
factors related to seed productfon (Plummer

seed germination, and seedling survival

and others [979)., The quality and
quantity of seed produced on wildlands varfes
greatly and can be influenced by unpredictable
climatic conditions and insects (U.S.
Pepartment of Agriculture 1974),

inds, o land flow of water, and rodents are
gents that carry seeds onto mine sites. Under
wildland conditions rodents not onlv distribute
but plant manv see (West 1968), A high
proportion of seed produced fn wildland stands
is consumed by anfmals including rodents
(Bradlev 1968). The excess is all that remains
to perpetuate the species.

Kodents usually collect and store seeds of
large fruited species and 1 that consists of
in edihle endc rm. Usually, seeds that
remain viable for an extended period are stored
iwches in the sofl surface by rodents for
iter ¢ mption (Sherman and Chilcote 1972),
inted as rodent caches atly are
but gerninate later to form a closter
cedlings.  Shrub seeds that are

normally gathered and stored In caches include:
antelope bitterbrush (Purshia tridentata),
desert peachbrush (Prunus fasciculata), green
cphedra (Ephedra viridis), Martin ceanothus
(Ceanothus martinii), katoon serviceberry
(Amelanchier alnifolia), and Woods rose (Ro:
woodsi).

Rodent activity is usually confined to areas
~ffering overstory protection. However, rodent
populations and habitat are not always
decreased by clearing the vegetation (Turkowski
and Reynolds 1970). Yet, small animals usually
do not venture onto barren mine wastes or
exposed sites. As sites become vegetated,
rodents Inhabit the area. Once plants that are
established on the mine begin to bear seeds,
rodents gather the fruits and help further the
species and progress of successional stages in
plant development.

A substantial amount of seed {s produced by
certain plants. Clean seed vields have
exceeded 100 pounds per acre (338 kg/ha) for
antelope bitterbrush grown on a planted site
near Boise, Idaho. During vears of high seed
production many species increase dramatically
due to the planting efforts of small rodents.
Adapted shrubs and herbs can be selectively
located on mined sites to provide rodent
habitat, regulate their distribution, and thus
advance the spread of select species.

Small seeded species and appendaged seeds are
widely distributed by wind (Mirov and Kraebel
1939). Although a high proportion of weedy
species is spread by the wind, many useful
species are also dispersed by this method.
Wind-carried seeds often spread plant species
quickly, and perulate otherwise Inaccessible
sites. Species that are successfully spread by
wind include: Apache-plume (Fallugia
paradoxa), sagebrush (Artemisia spp.),
penstemon (Penstemon spp.), and rabbitbrush
(Chrysothamnus spp.).

CONDITI( INFLUERCING ARTIFICIAL SEFD

Mined lands are usually planted socn after
mining i{s completed. Disturbances primarily
consist of overburden material or tailings
composed of uncorsolidated soil materials.
Although topsoil and fertilizer may he added,
mine spoils usually lack sofl structure and
particle aggregation that contribute to a
optimum seedbed condition. Soil drainage,
aeration, microorganism content, nutrient
balance, and organic matter are all poorly
developed for supporting a combinatfon of
plants (Frischknecht and Ferguson 1979).

Alchough fresh mine spoils are usually less
productive than undisturbed site cultural
practices often are not employed to inprove
tilth and productivity before planting.
Therefore, planted species must be adapted to
infertile sites, and capable of developing
concurrently as voung seedlings.

Grasses, broadleaf herbs, and woody species are
often planted together. Assembly of a mixture
of plants with different growth forms creates
serious problems of competition among voung
seedlings. Mixed plantings favor herbs over
shrubs ancd trees (Jensen 1980).

Grasses that are currently seeded on most mined
sites are derivatives formulated for high
germinability and seedling vigor. These highly
competitive gr: s develop much faster than do
most native shrubs or trees. Grasses and many
forbs not only germinate earlier than most
shrubs, but attain a mature status much sooner.
Most seeded grasses reach maturity in 1 to 3

¥ s. In contrast, shrubs may require 5 to 10
years to attain a sufficient size to be fully
competitive (Plummer and others 1968). During
this interim, the developing shrubs are
subjected to extensive competition, and plant
losses are common (Booth and Schuman 1981). To
be fully competitive with grasses, sceded
shrubs and trees must possess the following
traits: (1) seeds rmust germinate readily, (2)
seedlings must develop rapidly, (3) seasonal
growth periods should be compatible with the
seeded herbs, and (4) developing plants must
remain competitive.

Shrubs that can survive and develop
satisfactorily by direct seeding are species
that would not usually be grown as transplant
stock. Some plants can justifiably be
transplanted or direct sceded. Seeding is
usually much cheaper and easier to accomplish.
ome useful shrubs that can be successfully
seeded Includ basin big sagebrush (Artemisia
tridentata tridentata), low sagebrush
(Artemisia arbuscula), fourwing saltbush
(Atriplex canescens), winterfat (Ceratoides
lanata), snowbrush ceanothus (Ceanothus
velutinus), rubber rabbitbrush (Chrysothamnus
nauseosus), Wveth erfogenum (Eriogonum
u 1latum), prostrate summer cypress (Kochia
prostrata), antelope bitterbrush, and thinleaf

Natural plant succession and edaphic changes
that occur after mined sites are initially
planted change the growing conditions and
productivity of the disturbance. Some species
that have been difffcult to cstablish inftially
on fresh mine spoils by direct seeding or
transplant ing have been successfully

stablished at a later date. New shrub and
tree seedlings are frequently encountered as a
result of natural reproduction, beginning 5 to
10 irs after a site has been reclaimed. The
encroachment often occurs on sites dominated hy
1 competitive understory of herbs. However,
the environment of some disturbances is so
harsh that only a limited number of species
establish and persist. Little improvement can
be expected for a considerable period of time
on these areas.

The success of most plants has been based upon
the response attained from plantings
established on newly exposed mine =poils,




Unfortunately many useful species are often
discarded due to failures from initial
plantings. Crowing conditions improve as soil
nutrients build up or the sofl nicroflora is
established.

VALUE OF TRANSPLANT STOCK

Although plants mav be successfully established
by direct seeding, transplanting is also a
viable revegetation technique. Some species
that establish readily by seeding do not grow
rapidly enough to provide initial ground cover
for soil stabilfzation (Shaw 1981), Some
species that may fail to establish or perform
satisfactorily by direct seeding can be
transplanted. This has been particularly
evident with Woods rose and chokecherry (Prunus
virginiana melanocarpa) planted on phosphate
mines in southeastern ldaho. Seedlings of both
species germinated erratically and young plants
were weak and slow to develop. Although
plantings have been established on topsoiled
and fertilized sites, the growth performance of
these small seedlings has remained unchanged.
However, -0 transplants of both species
developed rapidly.

Transplants that are properly spaced can
provide an immediate and effective cover.
Transplanting can be effectively used to
stabilize erodible sites and promote the
natural establishment of understory specfes.
Megahan (1974) reported that over 50 percent of
surface erosion from roadfills was controlled
by planting l-year-old barercot stock of
ponderosa pine (Pinus ponderosa).

Transplants can also be used to control the
establishment and spread of weeds. In
contrast, shrub and tree transplants may also
promote the establishment of some understory
species. Pondercsa pine transplanted along
steep roadcut and fill slopes in central Idaho
stabilized the sites and served as a nurse crop
for understory herbs (Monsen 1974). The
presence of the overstory canopy of Woods rose,
blueberry elder (Sambucus cerulea), and redstem
ceanothus (Ceanothus sanguineus) also aids in
the estahlishment of other species. Shrubs
trees that may persist for only a few vears can
be highly u in the development of
satisfactory cover.

Sore leguminous and nonleguminous shrube and
trees are beneficial {n improving soil
nuteitive levels. FKlemmedson (1976) reported
that eight genera of shrubs are able to fix
nitrogen through actinomvcete nodulation.

These species can be used as companion plants
to improve the ‘erformance of various
understory herbs. Species of Ceanothus have
been successfully used for this purpose on mine
spoils in Tdaho (Monsen 1974). Tlangkamp and
others (1979) reported that reestahlishment of
+ nutrient hank would occur slowly with the use
of Acacla (Ac lita), and that pasture
legumes would y iild nutrient levels,

{LABLE

Transplants can be used to increase the rate of
plant successfon, In addition, transplant
stock matures quickly and community changes
occur rapidly. If persistent and compatible
species are planted initially, a predesigned

inity structure can he arranged. This is
an important feature, as many planted species
do not attain full prominence until a mature
and stable plant composition is achieved.

FACTORS AFFECTING TRANSPLA! SUCCESS

Factors that affect transplant survival are
similar to those that influence s ling
establishment. However, a significant
difference is that transplanting usually
climinates the need for a prepared seedbed.
The principal factors that reduce transplant
al are: (1) planting unadapted species
otypes; (?) care sness in planting; (3)
insufficient soil moisture resulting from
inadequate site preparation and planting at the
wrong tine of vear; and (4) use of poor quality
planting stock.

Planting Adapted Species and Fcotvpes

Species that are reared and planted on wildland
sites in the West normally include selections
that are native to the planting site,
vegetative cuttings often are collected from
the planting area. 1If this {s not possible,
stock is obtained from similar vegetative tvpes
growing in separate areas. In addition,
various grasses, forbs, and shrubs have been
developed for rangeland plantings.

However, few native or introduced species have
been specifically developed for mined sites.
Although numerous plants have been established
on mined lands, their persistence and areas of
adaptability have not been fully determined.
Considerable differences have been recorded in
the survival and initial growth rates of
ecotypes when planted on mined sites,
Different straine or ecotvpes of many native
shrubs could be used to select sources that
have vigorous seedling adaptability to
infertile soils,

Crowers should be aware of the differences that
rceur among ecotypes of a particular specles,
and seek to raise stock that {s adapted to
specific sofl and climatic conditfons. Mined
sites should be evaluated before planting to
assure that adequate time is given to program
the vegetation efforts, collect sufficient
adapted seed, and rear transplant stock.

Plants that inhabit the site before mining may
not be adapted to the mine spoils. Present
ite and Federal laws often require mining
companies to restore native plant species to
reclaimed areas. Although the use of adapted
native plants {s often advisable, many mined

sites are not capable of irmediately sustaining
the dominant species of the undisturbed site.

Some species and ecotypes are currently
available that are adipted to mined lands, and
these should be prototed and used. Research is
needed to develop additional plants adapted to
mined sites. A classification system needs to
be developed to identify plant selections for
disturbed situations. The system currently
used in reforestation makes use of soil types,
elevation, and climatic zones in selecting
adapted ecotypes for planting. These features
should also be applicable in delineating plants
for mined lands, although the edaphic
conditions of mine spoil are not entirely
comparable to undisturbed soils. However,
mining does not completely alter climatic and
biotic influences. Consequently, plants that
are components of original sites are still
candidates for initial revegetation trials.
Fqually important is the fdentification of
individual species that possess inherent
characteristics that contribute to the range of
adaptation of the species. For example, the
occurrence of different subspecies, ecotypes,
and kinds of sagebrush offers a wide diversity
of planting stock suited to different site
conditions (McArthur and others 1974). Through
careful selection, adapted ecotvpes of other
species can be used to revegetate mine spoils.

Site Preparation and Planting

Transplanting does not require the intensive
surface preparation treatment required for
direct seeding, yet most mines usually utilize
both revegetation techniques. Surface tillage
and fertilization are required to enhance the
survival of the seeded species. Seeding is
frequently done to control soil erosion and
surface runoff. Transplanting may be
superimposed over the existing seeding. This
usually does not create serfous problems if
transplant needs are recognized.

Transplants can usually compete with newly sown
grass. However, {f the grass i{s heavily seeded
and fertilized, shrub transplants may suffer
(Jensen 1980), Therefore, to improve shrub and
tree survival the seeding should not be at a
high rate. Fertilization of herbaceous species
should be applied at a low rate, yet the
seeding can he refertilized after the shrubs
are well established.

Mine spoils should be treated to aid plant
survival. Compact soils should be ripped to
allow infiltration, aeration, and root
development. Transplants should also be
fertilized. Fertilizer tablets placed in the
planting hole significantly aided tree growth
in an Idaho trial (Megahan 1974).

Woody species that grow slowly and require 2
3 years to fully establish should be
interspaced in strips or clearings separate
from more competitive species (Giunta and
others 1975). The planting areas should be

delineated according to site conditions to
assure that species are planted in adapted
locations. It is not necessary to plant the
entire site in a grid pattern. Species can be
transplanted in groups, clusters, or mixes to
provide diversity,.

Planting Quality Stock

The development of high-quality transplant
stock is essential to plant survival on mine
wastes. Specimens that are poorly developed
succumb quickly to adverse conditons. Failure
to acquire and plant quality stock accounts for
many planting failures.

Crowers frequently produce a uniform grade of
planting stock. Materials are grown to 1-0 or
2-0 size classes. Container-grown stock is
also produced in rather uniform grades. Plants
can be grown to different age and size classes,
but this is difficult to program for a mine
location when only a short rearing time is
available.

The size and type of transplant is vital to
plant survival. Species that grow rapidly will
normally survive and grow well if a healthy 1-0
transplant {s used. Other species grow slowly,
requiring a year or two to fully establish and
begin any appreciable growth. CGreen ephedra,
mountain snowberry (Symphoricarpos oreophilus),
mountain-ash (Sorbus scopulina), roundleaf
buffaloberry (Shepherdia rotundifilia),
skunkbush sumac (Rhus trilobata), and spiny
hopsage (Grayia uglnou; do poorly when planted
as 1-0 stock, but perform much better when
planted as 2-0 or larger stock. Survival rates
improve and growth {s markedly increased.

Proper maintenance and field planting of a
well-conditioned transplant is essential to
plant survival., Shrubs such as Wyeth
eriogonum, bush penstemon (Penstemon
fruticosus), and prostiate ceanothus (Ceanothus
rostratus) begin growth early in the season
and must be lifted and planted as dormant
stock, otherwise survival is very low.

Container-grown stock or ball and burlap
materials are useful in planting rocky sites.
However, high-quality bareroot stock will
perform satisfactorily. Planting large pads
and root sections as wildlings has proven
successful with species of aspen (Populus
tremuloides), oak (Quercus spp.), and other
plants (Crofts 1978).

Mine plantings require special attention.

Sites often are rocky and planting is impared.
Without particular care, plants may fail simply
because of poor handling. Care must he taken
to follow normal planting guides.
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TOWARD PRODUCTNG DISEASE-FREF CONTATNER=GR( NATI h PLANTS

David L.

ABSTRACT Methods and a fundamental philosophy
for producing healthy planting stock of native
wildland plants are pr. ted, Drawing from
the experience of agriculture, horticulture,
and forestry, cultural and biological disease
control methods are reviewzd. The focus is
placed on certification of planting materials,
producing pathogen-free propagules, greenhouse
design and management for disease prevention,
controlling pathogens in plant growing medium,
the role of native-host genetic variability,
and managing biological control of sofl-borne
diseases.

INTRODUCTION

Interest is increasing rapidly in using native
wildland plants to revegetate disturbed areas
and {mprove wildlife and livestock ranges in
the western United States. Producing healthy
planting stock can enhance these activities.

It is important to know when to take action in
preventing and controlling diseases of plants.
It is generally believed that if a disease is
present it will be obvious and the plant will
die, or if it does not die then it must not
have a disease. A plant without obvious
disease symptoms is not necessarily a
discase-free or pathogen-free plant. There are
also examples of viruses, bacteria, fungi, and
nematodes that affect roots only slightl The
only visible injury is reduced top growth.
Probably as much damage results from these
"root nibblers" as from virulent pathogens that
induce obvious symptoms and kill plants
rapidly. Fungicidal treatment to prevent
seedling diseases such as damping-off often
only suppresses the pathogen which later
induces further disease in the container plant
or in the fleld after outplanting (Baker 1965).

A wise approach is to adopt rigid disease
prevention methods regardless of present known
disease problems. Currently, little if any
research effort is directed toward controlling
diseases In the production of wildland planting
stock. The purpose here, therefore, is to
relate facets of existing knowledge developed
over the vears in the horticultural and
agricultural experience that mav be of value in
the wildland plant scene.

Tavid . Nelson Is plant pathologist,
Intermountain Forest and Range Experiment
Station, Forest Service, U.S. Department of
Agriculture, located at the Shrub Sciences
Laboratory, Provo, Utah.

Nelson

Recoming aware s a major step in preventing
plant disease problems. A tong=standing
principle in plant pathology is that action
must bhe taken in advance to prevent disease
problems. The goal of producing disease-free
slanting stock is also a responsibility, from a
bloiogical standpoint, that must be considered.
There are several basic reasens for emphasis on
producing disease-free planting materials,
Clearly, the production of healthy planting
ctock Is essential. It is important to aveid
introduction of seed-horne pathogens to new
field sites via planting stock. After
outplanting, failure of the plant fron a
disease that did not express obvious symptoms
during container culture is an important but
more subtle problem. The responsibility to
produce disease-free stock extends bevond the
marketing stage of containerized plants.

How can an emerging native wildland plant
industey organize itself to discharge this
responsibility? Through an Interaction of
private, State, and Federal interests, an
fmproved certification program should be
developed. Certificatfon of various plant
attributes is already in progress at State and
private concerns, plant {ntroduction stations,
and plant material centers across the West.
The purpose here is to stress certification
against plant disease. DBenefits can he
realizod. Disease prevention should focus on
certification {n three basic areas: (1)
seed=borne and vegetative-propagule-borne
pathogens, (2) producing disease-free planting
stock, both bare=root and containerized, and
(3) a rigidly defined and controlled genetic
baee for seed collections.

Various methods have been used to prevent plant
disease in container-grown planting stock.
These methods have included seed certificatfion,
cultural sanitation, chemical seed treatment,
pesticidal drenches, soil fumigation, heat
treatment of planting media, vegetative
propagule disease indexing, apical shoot tip
culture, biological control, and pathogen
suppressive growing media. These constitute a
broad area of informatfon; and this dis

will be limited primarily to cultural
biological means of producing disease-free,
container-grown wildland plants.

CULTI'RAL CONTROT
Sanitation fe the most important single

guideline in the cultural control of plant
disease problems of container-grown plants.

Sanitation is essential in the production,
collection, cleaning, storage, and germination
of seed. Sanitatfon also is an essential
factor in maintaining greenhouse and shadehouse
environments and in seedling transport and
planting.

Pathogen-free Plant Propagules

t'se of pathogen-free seed is an obvious first
step ir controlling diseases in container-grown
plants as well as in nurserv or direct field
seeding. Several good references on sced-borne
pathogens are: Baker 1956, 1972; Baker and
Smith 1966; and Harman 1983, Plant pathogens
may accompany seed independently as spores,
resting structures, host debris, infested soil,
and nematode galls. They mav be carried

fvely, attached to the surface of seed or
fruit parts, or they may be carried internally,
imbedded in host seed tissue.

Seed dissemination of pathogens is a natural
biological mechanism that has evolved as a mode
of transmission in space, from season to season
and from plant generation to generation.
Seed-borne pathogens are not always
transmitted, but when they are, they are
usually a source of severc loss. Viruses are
frequently seed transmitted. They usually
infect gametes and persist during seed
development. Mechanically transmitted viruses
infest seed coats and are then transmitted to
seedlings. Bacteria commonly infect developing
embryos. They also enter the seed through the
funiculus and reside in cavitfes of the seed
coat or on outer layers of the embrvo and
endosperm. Fung{ have numerous mechanisms for
infecting seed and transmission to scedlings.
The smuts of grasses invade embryos, and Fungi
Imperfecti commonly infect seed coats and
pericarps.

Injuries to seed during cleaning, for example,
cracked seed coats, serve as entry points for
both seed and plant pathogens and should he
avoided. Pathogen propagules such as the
sclerotia (ergots) of Claviceps and seeds of
Orobanche and Cusci a that accompany seed can
be removed by separation during seed cleaning.
Fxternally borne pathogens can usually be
controlled by surface chemical treatment, but
internally borne pathogens are more difficult
to control requiring penetrating chemicals. To
some extent thermotherapy has been successful
in killing internally borne pathogens. Hot
water, dry hot air, and acrated steam have been
used effectively to eliminate pathogens.
Aerated-steam treatment of seed has promising
advantages (Baker 1969). Temperature can he
controlled more accurately, seeds are left
drier, there is less leaching, there is less
damage to seeds, and the margin between
pathogen thermal death point and seed damage is
wider

Prevention of seed=borne pathogens begins in
the field with production of disease-free
plants. Other methods include apical meristem

culture, indexing and certification.
Certification programs should be organized to
establish tolerance levels for seed-borne
pathogens. In the emerging native wildland
sced industry what is the status of knowledge
on seed-borne pathogens? Has action been taken
to establish cven the potential of what is
inevitable? In the wildland scenc a sound
program must begin with gaining knowledge of
sced-borne pathogens and their recognition by
the collector.

Greenhouse design

Having achieved acceptable control of seed-
borne pathogens, the focus can then turn to
seed germination and growth of containerized
plants in greenhouse culture. Commonly, if not
almost universally, prevention of plant disease
{s not considered in the design of greenhouses.
Here again, enhancing sanitation to reduce
sources of centamination should be the
guideline. CGreenhouses and adjoining
headhouses are seldom designed by persons with
insight Into plant disease prevention.

Although elaborate systems can be devised to
exclude pathogens for special purposes,
relatively simple design considerations can
make big improvements in routi operations,

Contamiration can be avoided or greatly reduced
if, in the headhouse, container and equipment
cleaning and prepa fon and media treatment
activities are in a room separate from
container filling and planting activities.
These rooms should be separated by a huffer
room to reduce contaminate passage., A
vestibule should join the headhouse and
greenhou planting growing rooms to allow
independent access to rooms with distinct
activities (fig. 1). The usual

single-room thoroughfare type headhouses or
separate bufldings that require outside
transport of materfals to greenhouses are
unacceptable because contamination is likely.

HEADHOUSE GREENHOUSE

Filling
and

Growing
Planting

Room
—

Bufter

Room Corridor

—

Vestibule

Cleaning
and R
Media bldl

Growing

Preparation L -

Figure 1.--Basic headhouse-greenhouse design for
plant disease prevention,




Figure 2.--A greenhouse bench designed to prevent plant disease. Note bench sides are not fixed to
board support pipes, and removable boards act to minimize accumulation of debris.

Container filling and planting operations
should not take place in greenhouse growing
rooms because soil or other planting media
spillage serves as an organic substrate for
growth of pathogens on greenhouse floors.

Greenhouse henches come in almost every form
and design imaginable and unfortunately many
are conducive to creating disease problems. A
well-designed greenhouse bench should feature a
container support base that {s independently
supported from bench sides to avoided edges on
which debris may accumulate (fig. 2). The base
ehould also minimize areas where organic
material can accumulate. The base should be
easily removable for cleaning, decontamination,
and treatment, An ideal system is o use
removable boards impregnated with
cooper-naphthenate. Periodically cleaning and
treating boards achieves an essentially
self-sterilizing base for containers (Baker
1957).

Watering Plants

Plant watering methods are a vital
consideration in disease preventfon. To begin
with, containers are commonly overfilled with
growing medium, leaving no reservoir for water.
As a result, excess medium is then flushed from
containers and accumulates under berches to
provide an organic base for microorganisms.
Individual watering nozzles should be hung up
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and not allowed to contact the greenhouse floor
where they can become contaminated with
disease-inducing organisms.

Container-grown plants are almost universally
overwatered, which usually leads to seedling
root rot problems. Wildland plants present a
special problem in this regard because of their
{nnate variability. Wide variation in
germination rate. growth rate, and form
requires selective watering. The
nonselectivity of large automatic watering
systems {s a particular problem. Many
desirable western U.S. native plants are
adapted to semiarid environments and grow in
soils with extremely low water potentials
compared to the average domesticated
ornamental. Little literature {s available on
the specific soil water potential requirements
of seedlings. The role of sofl water potential
and the ecology of plant pathogens have been
studied for some agricultural plant diseases
(Cook and Papendrick 1970). Some unpublished
data on wildland shrubs (Welch and others, USDA
Forest Service, Shrub Sciences Lab., Provo,
Utah), indicate that various species, jagebrush
for example, grown in containers show little
evidence of water stress even at -25 to -30
atmospheres. Visual judgment of the soil
moisture a plant needs will prooably result in
overwatering. Critical measurement of soil
moisture requirements is necessary to plan
watering methods and consequently prevent
disease.

Controlling Pathogens in Growing Media

Pathogen-free plant propagules and sanitary
greenhouse management are of no avail without
use of a controlled-pathogen growing medium. A
vital component of native sofl is the array of
living microorganisms that exist in a
dynamically fluctuating equilibrium. The
system is controlled by the unique physical,
chemical, and bfological environmental
characteristics of specific soll and vegetative
tvpes (Baker 19613 Flton 1958). The system is
biologically buffered and permanent changes

s with major environmental shocks.
Such disruptions occur, for example, as a
result of the numerous modifications incident
to agricultural, greenhouse, or nursery
operations.

Containerized plant growing media can be
categorized as either containing sofl or as
soflless. The two types require different
treatments to manage pathogens and retain
proper biological and physical plant growth
factors (Baker 1957, 196 1962b), It cannot
be assumed that soilless media ingredients, for
example, peat, sawdust, ground bark, perlite,
or vermiculite are or will remain
pathogen-free. It can he more safely assumed
that what these media do have are low or poorly
balanced microorganism populatfons. Treatments
to eradicate or control pathogens must contend
with these unique features,

gatfon of media with chemicals is a

pread practice, although there are
attending disadvantages (Baker 1957, 1961,
1965)., Toxic chemfcals are difficule to
contain in greenhouse operations and their use
may become legally complicated fn urban areas.
Toxfc residues may remain even after long
periods of aeration. Fumigants move through
the soil In a concentration gradient resulting
in nonuniform treatment. Ffroad spectrum

fumigants such as cloropicrin and methyl
hromide tend to "overkill" and result in
biological vacuums. More specific fungicides,
for example , P( Dexon, carbon disulphide,
and Nemagon are available. However, pathogen
populations are selected for resistance more
rapidly by the more specific chemics
sterilization of media by heating to 2

also results in biological vacuums.

chemical and heat methods have the danger of
recontamination. The drastically reduced
competition In these treated solls resules in
rapid uninhibited growth of introduced
pathogenic organisms. Loss to disease mav be
more severe than (n untreated media.
Phytotoxic compounds are o formed in soils
that dre treated at high temperatures.

Acrated-steam treatment of plant growing media
avoids most of these problems (Baker 1962a).
vith this system, afr is injected into the
steam mass, producing a lower tempcrature vapor
(fig. 3). By careful adjustment of vapor
temperature, organisms can be selectively
clininated from the soil. Parasitic organisms
tend to have more specialized enryvme svstens
than saprophytic organisms and thus tend to
have lower thermal death points. Most weed
seeds and many pathogenic fungl, bacteria, and
viruses can be elininated or inactivated in
soil by aerated-steam treatment at 140° F for
30 minutes, leaving a beneficial population of
microorganisms (fig. 4). Remaining funpi,
bacteria, and actinomveetes then increase in
number and antagonistic members act to fnhibit
fnvasion by contaminate pathogen Fungistatic
soil factors are initially lowered, but return
to normal. Any phyvtotoxins produc ire at low
levels. Fire molds or ecd fungi" that grow
profusely in sterilized soil are suppressed.
The use of acrated steam is less expensive than
steam sterilization because of the reduced
temperature and treatment time required.
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Figure 3.--Diagram illustrating the method
growing media.
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infected 1 W the more important of t are discussed be been tested against Botrytis b of conifers limited the minimum amount s essary for
and shows excellent promise (James and others 1982). ! fve disease control.  Also, different tungi-
Benomyl is a svstemic fungicide that has been Vinclozolin was also tested, but showed extensive

fehin the 41 . ¥ ngus may bec i operationally «i carly 1970's.  When phytotoxicity to western larch seedlirn label
ent) i idial dispersal was first introduced, wl provided excellent rates (lames and Gen: 1983).  Both fungicides

should be used in Fotation so as to
exert selective pressure on Botrytis populat ions
to develop tolerance.  Rotated fungicides should

(fignre 1), or n inoculum wmtrol of many diseases over a wide range of crop require more ficld tests and need to be registered ferent modes tion, yatemic

ind environmental amd host suscep- mts. As a result, many growers began wse for use on vonifers.  Previous tests (Cooley 1981;
wive, Taggressive it exclus to control Botrytis blight, vspe- lames and Gilligan 1985; Leroux and otkers 1977
s04). Conduc ive ialt o reenh < in 1978; Miller an I.‘.q‘]-‘.\ and others 1979) indicate that strains of

high relative Floteher 1974). 1 1s 1971 to Botrytis tolerant to ipriodione and vinclozolin For eftective control of Botryvtis blight, cultural

o surface iBeE ko henomyl B wast evident (Bollen exists, although not in large numbers. Tolerant

. tiblity factors ind Scholten 1971).  Since then, there have been f"‘*"““ can also develop rapidly to these fungi-
balances causing seedling stress many reports of tolerance to this fungicide cides in the laboratory (1 . unpublished).

rnaty
ants (Co 1081 oS 1 Gilligan 1983).

practives, such as better sanftation, providing
adequate air circulation, and reduci irrigation,
should be combined with rotated use of different
tungicides.  Cultural practices can reduce fungal
inoccalum and alter eovironmental conditions

nescent tissues for saprophytic different pathogens on a variety of crops including
inoculum (Sutherland and Van Ferden ormamental flowers, vegetables, fruft crops, and
wWhen conditions for infoction are ideal conifer seedlings (Cooley 19813 Gillman and James X " f the tm),;:. currently avail-
ulum abundant, latent periods are short 1980; James and Gilligan 19835 Jarvis and . v : [dered comple I¥ erfectiv
mi in oceur quick (farvis 1980a). Hargreaves 19733 Miller and Fletcher 16 3 Butrytis strains likely to be encoun-

necessary for infect fon, whereas fungicides can
protect susceptible plant tiss from intection
The combination of both procedures is necessary
tests have been developed to quickly assay pre . results tungicide uscage should b for an effective control strategy.
s infection usually becor of tolerant fungal strains. These inv prowing

when crowns of conifer seedlings begin the test organisms on nutrient media amended with )

nd affected scedlings usually occur in the fungicide. Such tests have been used to L h des ot < blight in
isolated pockets (Gillman and James 1980; James evalute tolerance of Botrytis strains to benomyl
and others 1982). The fungus usually Fi nd other fungicides throughout the West. Results
attacks senescent tissues at the base of scedlings indlcate that tolerance of Botrytis to b 1
and then spreads to surrounding live host material o widespread that this chemical is us ’ turers
(Smith and others 1973; Sutherland and Van Eerden finct . and no longer recommended fo
1980). Symptoms on infected seedlings include most nurserfes (Cooley 19813 Gillman and
needle necrosis, twig and stem lesions, and 1980; James and Gilligan 1983).

Tersan 1991
mortality.

containerized coniter nurseries,

Chemical name

thy b=1=(butvicarbamov 1) =2 benzimidazole carbamate

Chlorothalonil is another fungicide that has been Benomy 1 Lilly Miller

commonly used to control Botrytis in greenhouses.
However, its ability to adequatcly control the ) ) StalErei S (TS [ st At e el o
disease has often been reduced, especially after hevess riostorel s
Controlling Botrytis blight is difficult because cont fused une (fames: and L3184
t

in 1983).  Recent L '

the pathogen is capable of attacking all plant tests indicate that some Botrvtis populations in y ! :‘\rv\:~ H Diamend St Tetrachlorolsophthalonitreile

v stage of their growth and in Oregon, Montana, and Colorado are tolerant to bavonil

1980). The best approach to contre hlorothalonil (Cooley 1981; Gillman and Jumes : :

nditions that are seited for discase 1980; James and Gilligan 1983). Although tolerance vopper fri-Basic her Basic copper suifate

wildup. This includes controlling stocking by to chlorothalonil is not as widespread as with s=Dod e
tucing density to improve air circulation among henomvl, it is fairly common and has been shown to Citics Service

secdlings (Cooley 1981), which means producing develop quickly in greenhouses (James and Gilligan S )

cwer trees per anit are However, this is com= 1983). . ot ran Tuco

2eb=Dichloro-4=nitroaniling
ed by higher quality, disease-free scedlings. i

possible, irrigation during periods of host sus- Captan is a general protective fungicide that is "Thamate pont terric dimethyvidithiocarbmato
ptibility should also be limited (Cooley 1981). fairly effective ag s y *s and others

Adding drying agents to irrigation water to expedite 1982). llowever, tolerant strains to this fungicide iprodios Chipeo 200195 Rhone=Poulen 13 S=dichloropheny ) =N=(=methylethy 1) =2, 4=d foxo-1-
{rving of foliage may also help reduce infection. have also been shown to exist (Couley 1981; imidazolidinecarboximide

Fertilization should also be roperly. For Gillman and James 1980; .lames and Gilligan 1985;

example, too much fert'lizer o canse secdlings Parry and Wood 1959 Dupont Contains 167 ma

to burn, providing fdeal infection courts for

aAnese, zine and 627 ethyvlenchisdithio-
carbamate fon/maganese ethvlenebisdithiocarbamate plus
vt is (Sutherland and Van Ecrden 1980), and too Picloran is an effective fungicide against Botrytis rine i
r omay stress seedlings making diseases (James nd others 1982), cven though
nfection (Cooley 1981). tolerance of natural Botrytis strains hus been
to reduce loss found (Cooley 1981; Gillman and .James 1980; .James A )
d primarily and Gilligan 1983; Webster and others 19701, Toler- thivphanate- vhan Mallinckrode dimethyll (1, 2-phenyienc)bis(iminocarbonothyviovl) his
I ant strains of the fungus can also easily develop J (carbamate)
in the laboratory (James, unpublished). Therefore,
greenhou ches floors dicloran should not be used repeatedly unless t Du Tetramethy lthiuram disulfide
betwes rotated with other fungicides )
ulum sour ilan BASF

manet dithane M Rhom & Haas maganese cthvlene bisdithio amat e

3-(3, 3-dichloropheny])=5-ctheay ] =5=methy 1 -
I'wo relatively new fungicides should also Ornalin Mallinckrodt oxazelidinedione
ment ioned.  Iprodione was originally develo s i .
turf diseases (Danncherger and Vargas 1982; Sanders Zineh Rhom & ihias zine cthylenebisdithio-carbamite
ind others 1978) and shows strong toxicity yithane 2
towards Botrytis (Pappas and v 19
on fungi- 1982). Vinclozolin is a chemical with
vels. Several setion ngatnat Hos . and related fungi (
r showing ind Fisher 19793 Ritchie 1982). Iprodione has
table 1.

ipwind,




PUBLICATIONS CITED

Blakeman, J. P. Behaviour of conidia on aerial

plant surface. S R
Verhoeff, K.; Jarvis, W. R., e The biology
of Botrytis. London: Academic Press; 1980:
115-151.

Bollen, G. J.; Scholten, G. Acquired resistance
to benomyl and some other systemic fungicides
in a strain of is cinerea in cyclamen.

Net. J. Pl. Pat : 80-90. 1971.

Colev-Smith, J.R. Sclerotia and other structures
of survival. In: Coley-Smith, J. R.; Verhoeft,
Jarvis, W. R., eds. The biology of
London: Academic Press; 1980: 85-114.
S. 1. Fungicide tolerance of Botrytis
:a isolates from conifer seedlings.
U.S. Department of Agriculture,
Forest Service, Pacific Northwest Region; 1981.
'3 ppe

panneberger, T. K.; Vargas, J. M., Jr. Systemic
activity of iprodione in Poa annua and post-
infection activity for Drechsl
leaf spot management. Plant Di
914-915. 1982.

Gillman, L. S.; James, R. L. Fungicidal toler-
ance of Botrytis within Colorado greenhouses.
Tree Planters’ Sotes 31(1): 25-28. 1980.

James, R. L. Engelmann spruce needle blight at
the Cocur d'Alene nursery, Idaho. Rept. 80-21.
Missoula, M U. S. Department of Agriculture,
Forest Service, Northern Reglon; 1980. 5 pp.

James, R. L.; Genz, D. Fungicide tests to con-
trol Botrytis blight of containerized western
larch at the Champion Timberlands Nursery,
Plains, Montana. Rept. 83-12. Missoula, MT:
U. S. Department of Agriculture, Forest Service,

Northern Region; 1983. 7 pp.

James, R. L.; Gilligan, C. J. Fungicidal t
: of Botrytis cinerea from the Flathead
Indian Reservation greenhouse, Ronan, Montana.
Rept. 83=5. Missoula, MT U. S. Department
of Agriculture, Forest Se fce, Northern Regiong
1983. 15 pp.

Tame ¥.: Malone, P. Evaluation
of fungicides to control Bot s bl in
western larch secdbeds at the Coeur d'Alene
nursery, Idaho. Rept. 83-6. Missoul MT:

U. S. Department of Agriculture, Fores v
Northern Regions 1983,

o J. F.  Evaluation
of f cides to Botrytis blight of con-
taineris stern larch 1 ole pine ot
the Cocur d'Alene nurserv, Tdaho. e, B2-17.
Missoula, MT: U. S. Deportment of Agri ulture

Forest Service, Sorthern Regi 20013 pp.

Tames, R ’ . Myer

Jarvis, W. R. Epidemiology. In: Coley-Smith,
J. R.; Verhoeff, K Jarvis, W. R., eds. The
biology of Botrytis. London: Academic Presss
1980a: 219-250.

Jarvis, W. R. Taxonomy In: Coley-Smith, J. R.;
Verhoeff, K.; Jarvis, W. R., The biology
London: Academic <53 1980b:

Jarvis, W. ®

Leroux, P.; Fritz, R.; CGredt, M. Etudes
laboratoire de souches de Botrytis cinerea
Pers., resistantes 4 la dichlozoline
dichloran, au qunitozene, 4 la vinchlozoline ct
au 26019 RP (ou Glycophene). Phytopathol. Z.
89: 347-348. 1977.

Maude, R. B. Disease control. In: Col
J. R.; Verloeff, K.; Jarvis, W. R., eds.
blology of botrytis. London: Academic
1980: 275-30b.

McCain, A. H. Nursery disease problems -
containerized nurseries. In: Gustafson, R. W.,
ed. Western forest nursery council and Inter-
mountain Nurseryman's Association: conference
and workshop proceedings; Eureka, CA; 1978:
B139-142.

McCain, A. H.; Smith, P. C. Evaluation of fungi-
ides for control of Botrytis blight of
container-grown redwood seedings. Tree Planters”'
Notes 29(4): 12-13. 1978.

Miller, M. W.; Fletcher, J. T. Benomyl tolerar
in Botrytis cinerea isolates from glasshouse
crops. Trans. Br. Mycol. Soc. 62(1): 99-103.

Cooke, B. K.; Jordan, V. W. L.
of Botrytis ciner to iprodione,

midone and vinclozolin and their uptake by
the fungus. Plant Pathology 28(1): 71-76.  1979.

Pappas, A. C.: Fisher, D. J. A comparison of the
mechanisms of actions of vinclozolon, procymi=
done, iprodione and prochloraz against Botrytis
cinerea. Pesticide Science 10: 239-246. 1979,

. Wood, R. K. S. The adaptation of
to fungici adaptation to captan. Ann.
Biology 47(1): 1-9. 1959.

New chemicals for managing disease
ornamentals.  Plant Discase
1982,

£ dicloran, iprodione,
procymidone, and vineclozolin on the aveelia
srowth, sporulation, and isolation of res
trains of Monili feacticola.  Plant Dis

Hh(h): ARA=48A.

Sanders, P. Burpee, L. L; Cole, H., Jr.;
Duich, J. M. Control of fungal pathogens of
turf grass with the experimental [prodione
fungicide, R. P. 26019. Plant Dis. Reptr.
62(6): 549-553. 1978.

Smith, R. S., Jr.; McCain, A. H.; Srago, M. D.
Control of Botrytis storage rot of giant
sequoia seedlings. Plant Dis. Reptr. 57(1):
67-69. 1973,

Sutherland, J. R.; E. Van Eerden. Diseases and
insect pests in British lumbia forest
nurser Joint Rept. No. 12. British
Columbia Ministry of Forests, Canadian Forestry
Service; 1980. 55 pp.

Webster, R. K.; Ogawa, J. M.; Bose, E. Tole
of Botrytis cinerea to 2,6=Dichloro=4=nitro=
aniline. Phytopathology 60(10): 1489-1492.
1970.

In: Murphy, Patrick M., compiler. The challenge of
producing native plants for the Intermountain
area: proceedings: Intermountain Nurseryman's
AS SO tion 1983 conference; 1983 August 8-11;
Las Vegas, NV. General Technical Report INT-168.
Ogden, UT: D.S. Department of Agriculture,
Forest Service, Intermountain Forest and Range
Experiment Station; 1984. 96 p.

43

BEST COPY AYT




SALT TOLER 10 DECIDUOLS

Richard W.

Ten species of deciduous shrubs and
crown in a greenhouse and irrigated
solution plus sodium sulfate,
chloride, and bicarbonate eld salt concen-
trations with conductivity 1.6, 4.5, 7.2, 12.1,
em. Honmeysuckle, crabapple, lilac,
and American plum were salt sensitive. Buffalo-
berry, Russian ollve, and chokecherry were moder-
itive. Creen ash, juneberry, and
ana were tolerant.

TION

Tree nurseries in western North America frequently
have salt-affected soils and salty irrigation
water (Tinus 1980). Salt crcates an osmotic
molsture stress that reduces germination and
growth, and may kill e ; Without careful
soil and water management, the problem gradually
becomes worse until the nursery is no longer able
to grow certain specles that it formerly grew
well. In th est, because shelterbelts are
commonly planted on salty soils, careful choice of
species is critical.

Very little quantitative information is available
on salt tolerance of shrubs and trees grown for
shelterbelts (Carter 1980; 1979). Most of what is
available is on crop plants (Richards 19543
Branson 1978: Maas and Hoffman 1977; Rathert and
Doering 1981) and horticultural varieties of
shrubs and fruit trees (Bernstein and others 1972;
pirr 1974; Francois and Clark 1978; Maas and

Hof fman 19775 Townsend 1980; Pasternak and Forti
1980). The objective of this study was to provide
guidelines on salt tolerance of a variety of
species commonly used for shelterbelts in the
northern and central Creat Plains.

METHODS AND MATERIALS
Exper iment 1.--Seed Germinat fon

Green ash seed was soaked 4 days in cold rumming
water, caragana was used dry, and all other
species were cold s in sand as recom-

mended by Schop

s« Research Plant Physiologist at
the 4 rest and Rangi Lzperiment
Statlon, USDA Forest Service, Forestry Sciences
Laboratory, Flagstaff, Ariz., In cooperation with
Northern Arizona University.

SHRUB AND TRE

Seed was germinated in petri dishes containing
filter paper, 100 seed per dish, five dish s per
species.  Fach of the five dishes per spe was

ristened with one of the nutrient solutfons plus
sodium chloride, sulfate, and bicarbonate listed
in table 1.

The dishes were covered, enclosed in plastic ba
to retard evaporation, and placed in a germinator
with a 12-hour day (fluorgscent light) at 30" ¢
and a 12-hour night at 20° €. Humidity ranged
from 60 to 100 percent,

Germinants were counted and removed every few
days, and moisture was replenished as needed with
distilled water. The experiment terminated
after 45 days. Total germination and germination
energy (average percent per day to 50 percent of
maximum germination) were calculated. Significant
differences between salt levels within specles
were determined by Goodman's (1964) test.

Experiment 2.--Seedling Crowth

Fifty Colorado State styroblocks, each with 30
cavities with a volume of 400 ml per cavity, were
filled with 1:1 peat-vermiculite plus 5 percent
forest duff to inoculate with endomycorrhizal
fungi. Three seeds were planted in each cavity,
five blocks for each of the 10 species. The
blocks were arranged on greenhouse benches in
randomized groups of 10, one block of e species.
Fach group was watered as needed with a nutrient
solution plus sodium sulfate, chloride, and
bicarbonate calculated to have an electrical
conductivity (EC) of 1.6, 4.5, 7.2, 12.1, and 16.6
rmhos/cm (table 1). The sofl salinity of the
Lincoln-Oakes Nurseries at Bismark, N.D. (table 1)
corresponds approximately to solution #2. The
relacive proportions of sodium sulfate, chloride,
and bicarbonate were selected to be the same as [n
the irrigation water of Lincoln-Oakes, which has
EC of 1,500 emhos (about 1,000 ppm solids) and is
rated "suitable for limited irrigation." Water
supplies of other nurseries vary In composition
considerably, but these ions are usually the ones
causing the greatest problems.

After germination, the scedlings were thinned to
one per cavity, leaving the largest. The remain-
ing seedlings were allowed to grow 14 weeks.

After this time, some of them were as large as
they could be fn the container without appreciable
prowth restriction, and differences between seed-
lings watered with different salt concentrations
were clearly evident. The blocks of seedlings

Table l.--Composition of nutrient and salt solutions in parts per million

Component

Solution number

EC (mmhos/cm)

N as .\'uJ'
N as s,

P as "2"04

B as II]FH)3

-
Mn
N

++
cu

Mo as Mo0,”
+

3,688
2,928

10,998

were photographed and survivors were counted.
Stem height and the length of two fully mature
leaves were measured on each seedling.

For each species and measurement, a regression
equation was calculated with height, leaf length,
or survival as a function of salt concentration
(measured by EC). Eight equation forms were tried
using the Hewlett-Packard 9825A family regression
program (General Statistics Vol. I,,tape 09825~
15004). The one with the highest r” was used to
calculate the salt concentration at which growth
or survival was reduced by 25 percent compared to
growth or survival with nutrfent solution only.

RESULTS AND DISCUSSION
Experiment 1.--Seed Cermination

Russian olive and caragana germinated well at all
salt concentrations, and neither total germination
nor germination energy declined noticeably at high
salt concentrations (table 2). CGermination energy
of buffaloberry declined stecadily with Increasing
salt concentration, but total germination remained
high through 12.1 mmhos/cm. Total germination of
green ash and ysuckle declined hat, and
germination energy was greatly reduced by high
salt concentration. Total germination and




Table 2.--Total germination and germination energy of seven species in nutrient solution with increasing concentrations of sodium chloride,

sulfate, and bicarbonate. Within species values followed by the same letter are not different at the 5 percent level by Goodman's test.

Total germination Germination energy

Species Solution conductivity (mmhos/cm) Solution conductivity (mmhos/cm)

7.2 12.1 16.6

percent/day = = = = = = - -

Lilac 40 ¢ 0.82 0.33 0.02
(Syringa vulgaris L.)

Crabapple 12 0.32 0.09 0.06
(Malus baccata (L.) Borkh.)

Honevsuckle d 0.76 0.24
(Lonicera tatarica L.)

Green ash r 2.0
(Fraxinus pennsvlvanica Marsh.)

Caragana
(Caragana arborescens Lam.)

Russian olive
(Eleagnus angustifolia L.)

Buffaloberry
(Shepherdia argentea (Pursh) Nutt.)




Table 3.--Salt concentration (measured by conductivity) causing a 25 percent reduction

in growth or survival, compared to nutrient solution with EC of 1.6 mmhos/cm

Species Height Leaf
length

Regression quality (r Z)

Percent Height Leaf Percent
survival length survival

- - - - mmhos/cm - - - -

Honeysuckle 2.2 3.3
(Lonicera tatarica L.)

Crabapple 2.6
(Malus baccata (L.) Borkh.)

Lilac
(Syringa vulgaris L.)

American plum
(Prunus americana Macsh.)

Buffaloberry

(Shepherdia argentea
(Pursh) Nutt.)

Russian olive

(Eleagnus angustifolia L.)

Chokecherry
(Prunus virginiana L.)

Green ash

(Fraxinus pennsylvanica
Marsh.)

Juneberry
(Amelanchier alnifolia
(Nutt) Nutt.)

Caragana >16.6
(Caragana arborescens Lam.)

3.3

IRegress(an equation not meaningful.

germination energy of crabapple and lilac declined
precipitously with the first increment of salt,
and germination was almost nil at 16.6 mmhos/cm.

Experiment 2.--Seedling Growth

Table 3 lists the 10 specles tested in order of
increasing salt tolerance as measured by 1aight
growth. As expected, leaf length was reduced by
about the same degree as stem height (Sepaskhah
and Boersma 1979), except that leaf length re-
sponse of Russian olive was more nearly in keeping
with field observation than height response.
Russian olive has a reputation for being highly
salt tolerant. Bernstein and others (1972) report
that the salt tolerance of a related specles,
silverberry (Eleagnus pungens), is also high; the
threshhold for reduction of growth in silverberry
is 9.4 mmhos/cm. Caragana also showed high salt
tolerance when measured by height reduction, but
not when measured by leaf length. It is possible
that reduced leaf length is part of the specles'

adaptive reaction to moisture stress. This agrees
with field observations because caragana flowers
and grows vigorously in early summer, when moisture
is normally adequate, but yellows and begins
dropping its leaves in August, when moisture
stress is frequently high.

As with germination, height growth and leaf length
of honeysuckle, crabapple, and 1ilac decreased
rapldly with increasing salt. Maas and Hoffman
(1977) also report that apple (Malus sylvestris L.
Mill) is salt sensitive. American plum was sensi-
tive, as expected, in comparison with Prunus

domestica (Richards 1954; Maas and Hoffman 1977),

but chokecherry (Prunus virginiana L.) was sur-
prisingly tolerant, especially with respect to
survival.

Once established, most species survived well at
much higher salt concentrations than were required
to suppress growth. Exceptions were honeysuckle
and American plum. Survival Informatfon is thus
useful to tree planters for site selection, but

YA 't'v'xT:".“;
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Figure l.--Decreasing growth with increasing salt concentration
(measured by EC) of (A) 1ilac, a salt sensitive species and (B)
Russian olive, a salt tolerant species.

not to nurserymen, whose product must reach a
certain size within one or two growing seasons.

Because of the need to keep this experiment small
and simple, only one germinating dish of 100 seed
and only one block of 30 seedlings per species per
treatment was used. For statistical purposes, the
individual seed or scedling was treated as the
unit of replication. Strictly speaking, however,
there was no replication. Furthermore, variability
was great, and the regression equations used
ylelded confidence limits so great that only the
broadest comparisons between specles can be made.
Thus, although the results were quite obvious even
without measurement (fig. 1), they should be
considered {ndicative and not definitive.

BEST COPY AVAILABLE

CONCLUSIONS AND RECOMMENDATIONS

1. Crabapple, lilac, American plum, and honey-
suckle are sensitive to salt. They should
not be grown at a nursery with salty {rriga-
tion water or soil nor outplanted Into salty
soils.

Buffaloberry, Russian olive, chokecherry,
green ash, juneberry, and caragana are salt
tolerant. Their growth should not be limited
at most western nurseries because of salt
problems, and they should be able to tolerate
the saltiness of most western soils where
shelterbelts are planted.
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CONTAINERIZED SEEDLING PRODUCTION FOR FOREST REGENERATION IN THE PACIFIC NORTHWEST

James M. Sedore

ABSTRACT: The containerized seadling continues
to be a valuable regeneration option during this
time of economic stress. Recent developments in
plug-1 culture and seedling storage are
described.

INTRODUCTION

As you know, these are hard times for the timber
industry. The lack of timber harvesting has
reduced the demand for regeneration seedlings.
Seedling orders have been reduced for two years
at our operations, and we see no indication of
any impending leap to the previous levels.
Greenhouse operations throughout the Northwest
have had to respond to this change, and the
response has been varied, One operation has been
almost tota!ly mothballed; another is planning to
consolidate two facilities into one; another is
operating at less than 40 percent capacity and is
looking to move and build a smaller, more
efficient operation. Another operation has
diversified and is growing vegetables in some of
their greenhouses. [t has been a time to
prioritize and to reevaluate the value and role
of the container program after little more than a
decade since its birth. Although some operations
have gone by the wayside, the containerized
seedling has retained a place in the regeneration
effort.

It is obvious that the conditions under which we
work in the Pacific Northwest differ
significantly from the conditions in the
intermountain states, especially the region of
the Southwest. [ hope that by sharing what we
are doing in the Northwest, you might get an idea
or two that you can apply at your operations,

GREENHOUSES

The average production facility in the Northwest
produces from two to four million seedlings per
year, although two facilities produce over eight
million per year., Private timber companies own
and operate the largest container complexes for
their own forest regeneration needs. They also
compete for public regeneration contracts. The
greenhouse layouts and designs differ based on
the state-of-the-art at the time the greenhouses
were built., Tne most popular greenhouse design
at this time calls for a fiberglass roof with
roll up sidewalls, Common regimes call for
heating the greenhouse to 20 C., through May and
minimal heating from October through January.
Passive cooling through roof vents or active
cooling with exhaust fans and evaporative coolers
occurs during the hotter hours of June through
September,

James M. Sedore is Greenhouse Manager, Washington
State Department of Natural Resources, Olympia,
Wash.

Therefore, the structure must facilitate both
heating and cooling to provide proper growing
conditions throughout the year.

ENERGY

Fuel represents up to 15 percent of the cost of
our seedlings. Several operatiuns have made
significant reductions in their fuel bills by
sowing later and by switching from diesel oil to
natural gas. MNatural gas is the most popular fuel
source in the Northwest because of large supplies
from Canada, Solar collection may be used more in
the future, but the cost to collect and use the
limited solar radiation we receive does not
compete with gas at this time, A recent
greenhouse energy conservation technique is being
used by The Bureau of Land Management at Colton,
Oregon, The BLM uses infra-red heating in one of
their two greenhouses., They report a 30 percent
energy savings over their forced-air system, They
also believe that the quality of their stock has
not diminished.

BENCHES AND CONTAINER TYPES

Bench layouts vary from broad growing troughs,
wooden 2" X 4" saw horses, fron flat bars,
aluminum T-bars, and aisle eliminating bench tops.
The most popular container type is the Styroblock
in either the 2A or the 4A size, Commonly
seedlings grown in a 2A are transplanted to become
plug-1's, and 4A's, are shipped directly to the
forest. Other containers have been used such a
Leech tubes for genetic stock or Spencer-lLemaire
books for Thuja, but the most common container
type is the Styroblock.

SOWING AND FERTILIZING

Most of us sow with some type of vacuum sower
which picks up one seed per hole from a tray of
seed. The seed then falls into the cell when the
vacuum is broken. It is most common to multiple
sow to ensure a germinant in each cell and then
to thin, Soluble fertilizers are mixed according
to each grower's preference and injected into the
watering system, Fertilizer regimes vary
according to species, time of year, and nutrient
status as indicated by foliar and soil analysis.
Most growers contract their soil and foliar
analysis with a private consultant, As is common
with many plants, the growth curve of most conifer
species that we grow fs a sigmoid curve. Growth
starts slowly, gradually increases in rate, and
finally tapers off in the fall. To produce a
quality seedling, it is necessary to find the
balance hetween overfeeding, which produces




succulent, top heavy seedlings and underfeeding
which produces a stunted, starved seedling,

PLUG-1's

If sown in a bareroot seedbed, many of our
seedlings such as Abies, Tsuga, and Thuja do not
grow quickly the first few years. Commonly we
grow these seedlings for one year in the
greenhouse and then transplant them at the
nursery. These seedlings may be transplanted
either in the summer (August, in our area) or in
the spring. We call these seedlings Plug-1's,

In the nursery transplant bed, they can develop
into large enough seedlings to withstand deer

and elk browsing or vegetative competition., The
shoot of a Plug-1 Tsuga is similar to a 2-1 Tsuga,
but the roots of a Plug-1 are mop-like which can
more easily support the shoot. The hemlock
transplant bed does not have to be shaded or
misted as the seed bed requires, and each crop
uses valuable nursery bed space for only one year
rather than three,

PLUG CULTURE

Back at the greenhouse, seedlings destined to go
directly to the forest are kept unshaded and
exposed to broader and broader temperature
ranges. [f you keep temperatures and fertility
levels nigh, you produce a large, succulent shoot
at the expense of an adequate root system and
caliper. Seedlings, grown in this way, leave the
greenhouse unprepared for the vigors of the
forest and are commonly frozen back, desiccated
or pushed to the ground by the first snow. Our
goal is to produce a seedling with a large
caliper and good buds, tall enough to compete
with surrounding vegetation and with enough roots
to support the shoot.

Techniques for inducing budset vary by species.
It is common for Pseudotsuga to be Teeched,
moisture stressed, and then fed a low nitrogen,
high phosphorus and potassium fertilizer in
September to form large, mature buds for winter
planting. However, Tsu?a appears to respond best
to full light exposure in July and a balanced
fertilizer each time the seedling requires
moisture. Shading has become less and less
popular among Northwest growers. Although many
of our trees will grow well under shade, when
these seedlings are removed from a shaded house
and planted in a nursery or clear-cut
reforestation s‘te, the seedlings drop their
foliage and must struggle to break bud and begin
growing. To avoid this we attempt to grow the
seedl ings without shade,

SEENLING STORAGE

We have all struggled with the problem of holding
seedlings at lower elevations for late planting
at higher elevations., All too often the
seedlings break bud in the shelterhouse before
the planting site is ready or accessible, Moving

these succulent seedlings in the spring from a
warm, protected nursery to some cold, harsh site
is a frustrating experience for both the
nurseryman and the forester. Growers in the
Northwest have several different approaches to the
problem of seedling storage and I'11 share several
of these approaches with you.

The Washington State Department of Natural
Resources moves their seedlings out of the
greenhouse into shelterhouses in June., Here they
remain until packaged for field planting which
traditionally begins the first week of January.
At our location, we feel that this is the time
when the seedlings are fully dormant. The
seedlings are sprayed thoroughly with a foliar
fungicide to reduce damage from storage molds and
one week later the seedlings are packaged and
stored at 2 °C in poly-lined boxes. The seedlings
are kept at this temperature during transport and
until the day of planting. All seedlings stored
this way should be planted by June., Seedlings to
be spring transplanted in the nursery as plug-1's
may be stored in this way or kept in the
shelterhouse. Container stock is transplanted

in mid-March, and plug transplanting is completed
by early April, two weeks before bud burst of
Pseudotsuga in our area. Seedlings are therefore
stored above freezing for 1 to 20 weeks. Storage
molds have not been a major problem in our
program although we lose a few trees each year.
Many nurseries use this method of cooler storage
for coastal and low elevation seedlings.

The Weyerhaeuser Company freezes most of their
high elevation container stock at 1 to 2°C. The
seedlings are packaged in January and February
after having received 400 to 600 hours of exposure
to temperatures below 4 °C. Thawing takes from one
to two weeks in a shaded warehouse at 4 to 15 °C,
before the seedlings are shipped to the planting
site. Seedlings are planted shortly after
thawing. For more information, contact Steve Hee
at Weyerhaeuser Regeneration Center in Rochester,
Washington.

The Industrial Forestry Association is a group of
timber companies who share a nursery system for
the reforestation of their individual lands. [FA
does freezer-store container seedlings on request
according to vulnerability criteria. There are
three vulnerability criteria: (1) coastal seed
sources, (2) seedlots which have had a history of
winter damage in the nursery and (3) seedlots that
are likely to suffer significantly from storage
molds. Late in the fall, frost hardiness testing
is bequn, The lethal temperature for 50 percent
LT is established by means of controiled
freezing *eos*ts, [f the seedlinge have achieved a
set LT, they are considered liftabic and
storable. Seedlings may be stored frozen for six
months, Large quantities may be thawed en masse
at 4 °C, but this takes up to six weeks, Small
quantities may be thawed in a matter of days at 15
'C. Pseudotsuga, Picea and Abies do not appear to
have any problem with this treatment although

'Tlg roots are sometimes damaged, For more

Tsuc
Tnformation, contact Sally Johnson at the [FA




THE NURSERY TECHNOLOGY COOPERATIVE:

A COORDINATED EFFORT TO

IMPROVE SEEDLING QUALITY

Mary L. Duryea and Steven K. Omi

ABSTRACT: The Nursery Technology Cooperative
(NTC) was established July 1, 1982 to improve
the productivity of the Paclific Northwest's
forest tree nursery industry. The NTC and the
two other cooperatives (tree improvement and
vegetation management) in the Department of
Forest Science are aimed at helping to solve
r~forestation problems beginning with seed and
ending with a free-to-grow forest stand.
Membership categories in the NTC {nclude (1)
nurseries, (2) seedling users, and (3) special-
ist organizations. Problem areas for Coopera=-
tive study are identified and prioritized by
Cooperative members. Our first study, investi-
gating the effects of top pruning on seedling
morphology and field growth and survival, has
been installed at six nurserfes. Planning is in
progress for a long-term Cooperative study exa-
mining the effects of selected herbicides on
weeds and seedlings. Other activities in the
Cooperative include (1) a nursery pathology
research project, (2) a tissue culture/vegeta-
tive propagation project, (3) continuing educa-
tion (production of a nursery manual), (4) tech-
nical assistance (compilation of lists of spec—
ifalists available to help members), (5) infor-
mation gathering (collection of state-of-the-art
information on compaction, tilth, and drainage),
and (6) a seedling evaluation program.

INTRODUCTION
Origin Of The Nursery Technology Cooperative

Because of the {mportance of the forest nursery
industry, a task force was appointed by the
Oregon State Forester and thé Dean of the School
of Forestry, Oregon State University (0SU), to
study and report on the status of forest nursery
management technclogy in the Pacific Norchwest.
The task force found that the forest nursery
industry wanted more research and educatfonal
assistance, and proposed that a Nursery
Technology Center be established at 0SU to
address these needs. The Nursery Technology
Cooperative (NTC) was officially established
Julv 1, 1982,

Mary L. Duryea is Assistant Professor and
Leader, Nursery Technology Cooperative,
Department of Forest Science, Oregon State
reity, Corvallis.
n K. Omi {s Research Assistant,
hnology Cooperati s
Sclence, Oregon State University, Corvallis.

Object fve

The objective of the Cooperative is to improve
the productivity of the Pacific Northwest's
forest tree nursery industry through an
integrated program of coordinated studies,
information sharing, and technical assistance.

Examples of specific needs to be met through
cooperative action are:

1. Better nursery-specific cultural
prescriptions for the improvement of
seedling phystological quality.

Improved soil management guidelines for
the maintenance of long—term nursery
productivity.

More effective coordination of nursery
and outplanting techniques.

Better information sharing among nur-
serfes, and between nurseries and
related groups such as reforestation
foresters and researchers.

Why Cooperatives?

The three cooperatives in the Department of
Forest Science at OSU have been established to
help solve reforestation problems beginning with
seed and ending with a free-to-grow forest
stand. The Tree Improvement Research Coopera=
tive, headed by Thomas Adams, coordinates gene-
tics and breeding research on Pacific Northwest
tree species to enhance tree improvement efforts
in the region. The Nursery Technology
Cooperative, by helping to Increase nursery pro-
ductivity, will aid in the better utilization of
improved seed and the matching of high quality
seedlings to planting sites. At the out—
planting stage the CRAFTS Cooperative, headed by
Steven Radosevich, helps to coordinate research
on methods of controlling competing vegetation
in commercial forests of the Pacific Northwest.

Cooperatives enable us to:
I. Define and study useful problems.

Reduce fixed costs per cooperator to
study these problems.

Investigate treatment x site interac-
tions.

4. Rapidly use results.

5. More effectively share information by
using OSU as a clearinghouse.

Organization

Fifteen members from state and federal agencies
and industry participated in the Cooperative in
its first year (Aorendix 1). A Technical
Committee and a Policy Committee assist the NIC
leadership. The Policy Committee advises the
Cooperative Leader on decisions concerning
program strategy, size, and support. The
Technical Committee helps to identify and
prioritize problems, and assists in planning,
installing, and measuring Cooperative studies.
Together, the Policy and Technical Committees
guide the activities of the Cooperative,
insuring that efforts are focused on real
problems.

The NTC membership categories (and annual mem~
bership fees) are: (1) nurseries (large—-$6,000
and small--$3,000), (2) seedling users (full—
$4,000 and monitoring--$2,000), and (3) spe-
cialist organizations ($2,000 to $4,000). All
members (except for the seedling user monitoring

ve tion on the Technical
and Policy Committees, and are directly involved
in nursery and outplanting studies. Seedling
user monitoring members receive study results
only, and do not participate in guidance.

ACTIVITIES
Cooperative Studies

Problem areas for study are identified and
prioritized by Cooperative members. Top pruning
and weed control will be investigated in our
first short-term and long-term studies, respec-
tively.

Top pruning.--This study was installed in May,
1983, to examine the effects of top pruning on
240 Douglas-fir seedling morphology, survival,
and growth. Top pruning is a common practice in
western nurseries (fig. 1); however, there is
little available information about the effects
of top pruning. Treatments for the experiment
include two differeut pruning heights, two dif-
ferent times of application, and one multiple
pruning. The entire experiment, with one seed
zone was replicated at three nurseries; a
smaller vorsion, involving fewer treatments, was
included so that more seed sources could be
tested. In total, six nurseries (fig. 2) and
nine seed zones are involved in the study. Test
seedlings from each seed zone will be planted on
sites located within their respective zones. In
addition, a common garden study, including seed-
lings from all seed zones, will be established
at the OSU McDonald Forest. The growth and sur-
vival of outplanted seedlings will be monitored
for up to three years.

BEST COPY A

Figure 1.--Top pruning with a rotary mower at
the D.L. Phipps Forest Nursery (Oregon State
Department of Forestry).
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Figure 2.--Map showing the location of the six
nurseries where the top pruning study has been
installed.




Weed control.--Planning is in progress for a
long-term Cooperative study that will examine
the effect of selected herbicides on weeds and
seedlings. Presently used methods of weed
control (e.g., handweeding, fumigation) are
costly and may be detrimental to tree seedlings
and soil microorganisms. The objective of this
study will be to screen new and currently
available herbicides for their effectiveness in
controlling weeds without Injuring conifer
seedlings. Additionally, we want to determine
the residual effect of herbicides on weeds and
crop species.

Other Cooperative Projects

Two other OSU projects are connected with the
NTC: the Nursery Pathology Research Project,
headed by Everett Hsisen, and the Tissue
Culture/Vegetative Propagation Project, headed
by Joe Zaerr. Both projects are meeting
Cooperative objectives, although both are funded
by sources other than Cooperative annual fees.

Nursery pathology research project.==The broad
goal is to provide the biological information
necessary to predict and prevent disease
outbreaks in nurseries. The fnitial focus of
the project will be on the various top blight
diseases that have caused substantial loss in
recent years. In preliminary work, systematic
isolations have been made from blighted
seedlings at a Pacific Northwest nursery to
identify suspected pathogens. These isolates,
plus those from three other participating nur-
series, will be tested for pathogenicity.
Timing, environmental, and predisposing factors
that influence {nfection will be determined for
the identified pathogens.

Tissue culturc/vegetative propagation project.——
The objective of this project {s to develop

techniques for producing large quantities of
superior forest trees by means of tissue
culture. The approach has been to measure
growth hormones in cultures and to determine
which hormones produce the desired results.
Work to date has resulted in the development of
techniques to isolate and detect plant hormones
in extremely small quantities. These techniques
have been used to measure auxin in callus
cultures and in cultured buds. Cytokinins,
another class of growth hormones, were measured
in suspensfon cultures of Douglas-fir. The
results of these studies indicate that the
growth hormone requirements for embryogenesis
(producing whole plants from cell cultures) pro-
bably are very specific, and that the growth
hormones that h: been used in previous
attempts to produce embryogenesis are probahly
not the ones that should be used.

Future work will include a broadening of the
objective to Include other methods of propaga-
tion, such as the rooting of cuttings, and the
problems assoclated with those techniques.

Continuing Education

The Forest Nursery Manual: Production of
Bareroot Seedlings includes 30 chapters covering
specific topics such as nursery site selection,
fertility management, and seedling storage (fig.
3). A comprehensive survey of Northwest nur-
series provided the authors of each chapter with
informatfon on current cultural practices. In
addition, each chapter contains a state-of-the-
art review of nursery research. A workshop held
at OSU in October, 1982 previewed the manual for
over 250 people. The manual will be published
this summer, 1983. Both the Manual and the
workshop have been co-sponsored with the USDA
Forest Service, State and Private Forestry,
Region 6.

FOREST NURSERY MANUAL:

PRODUCTION OF BAREROOT SEEDLINGS

Mary Duryea and Tom Landis, Editors

Development of the Nursery Manual:

a synthesis of current practices and
rescarch

Developing a Forest Tree Nursery
Starting the Bareroot Seedling
Managing the Soil and Water

Culturing the Bareroot Seedling

Harvesting and Planting the Bareroot
Seedling

Selected Topics in Nursery Management

Upgrading Nursery Practices

Figure 3.--Major Sections in the J0-chapter
Forest Nursery Manual.

Seedling Physiology and Reforestation Success
will be the title of the Physiology Working
Group Technical Session to be held at the
Society of American Foresters (SAF) National
Convention in Portland this October, 1983, The
one-day session will include both overview and
specific research reports concerning the effects
of seedling physiology on reforestation success,
with major emphasis on stock quality and
planting site manipulation. The proceedings of
the session will be published in 1984,

Technical Assistance

As part of our commitment to Improve information
flow and technical assistance, we are compiling
1ists of specialists who would like to help nur-
series and reforestation people. Questionnaires
(fig. 4) have already been sent to Insect/
disease, solls, weed control, and irrigation
speclalists, scedling physiologists, and silvi-
culturists. A very positive response has been
received—many have expressed a strong desire to
be Involved in workshops, Cooperative studies,
and problem solving. Other specialists who will
be contacted include agricultural and industrial
engineers, seed physiologists, crop scientists,
and horticulturists. The list of specialists
for insect and disease, soil, and {rrigation
problems have been sent to Cooperative members.

Members are encouraged to contact specialists
directly from these lists when the need for
technical assistance arises. However, they may
also receive help from the NTC staff in making
contacts with specialists by stating their spe-
cific problem on a Technical Assistance Request
Form. The NTC staff responds immediately to
these requests by providing ways to approach the
stated problem.

Information Gathering

Cooperative members have expressed a need for
being informed of the state-of-the-art knowledge
on several topics. Soil management (tilth/
compaction/drainage) has been selected as the
problem area in which information gathering is
currently needed. The NTC staff is presently
reviewing the literature and collecting relevant
material. A summary, avallable to all members,
will follow.

Seedling Evaluation Program

The purpose of the NTC Seedling Evaluation
Progran {s to improve techniques for assessing
seedling quality. As part of this program, the
NTC provides a seedling vigor evaluation (or
stress testing) service. More than 250 seedling
lots were evaluated this year on a fee basis.
This procedure {s designed to fdentify poor
quality lots by ronftoring the growth and sur-
vival of potted seedlings placed in a growth
room after exposure to hot-dry conditions.
Although this procedure has been very useful,
work continues to refine the test. A study is
being conducted to determine the effectiveness
of the current procedure in predicting field
survival under uniform planting conditions. We
are also examining the relationship between the
vigor evaluatfon results and standard measure=
ments of root growth capacity. This (nvestiga-
tion will indicate whether these two assessment
procedures are consistent In predicting field
survival or, perhaps, are complementary and
could be used together to improve prediction
aceuracy. The study began in March, 1983,

SPECIALIST QUESTIONNAIRE

Nursery Technology Cooperative

Affiliation

Phone Number

IN THIS QUESTIONNAIRE WE ARE SEEKING
INDICATIONS OF INTEREST AND NOT NECESSARILY A
FIRM COMMITMENT TO PARTICIPATE.

1. a. Would you be interested in deing
involved {n the Nursery Technology
Cooperative? (check yes or no)

Yes No

b. In what cooperative efforts might you
be willing to participate? (check
yes or no for each starred (%) area
below)

Yes
*Workshop teaching?
Studies:

*Review of study
plans?

*Active involvement
in experiments?

*Team problea solving
and providing tech-
nical assistance
through the
Cooperative?

*Individual direct
consulting?

*0thers? (please
specify below)

Figure 4.==Page one of the questionnaire being
sent to specialists in the West.

Another ntly completed study in the NTC
Seedling luation Program was aimed at deve-
loping a specific procedure for detecting damage
to seedlings which have been unintentionally
frozen during cold storage. In this study, we
found that a pressure chamber could be effec~
tively used to fdentify this type of injury.
Results indicate that the change in plant mois=




ture stress (PMS) of potted seedlings during the
first week after freezing can generally predict
whether or not they will survive. The PMS of
damaged seedlings tends to increase mich more
rapidly than that of non-injured seedlings. A
more complete description of this study is
reported by Douglas McCreary in this proceedings.

LOOKING AHEAD

In its second year the NTC staff is (1) coor-
dinating the NTC studies (top pruning, weed
control), (2) providing continuing education
programs (Physiology Workshop at the SAF
National Convention, publication of the Forest
Nursery Manual), (3) updating the Seedling
Evaluation Program, (4) supporting other pro-
jects within the NTC (Nursery Pathology, Tissue
Culture/Vegetative Propagation), (5) providing
technical assistance (compflation of specialists
ists), and (6) gathering information on soil
management, and, given continued Technical
Committee interest, a soil management study
plan will be prepared. )

APPENDIX I

Members of the Nursery Technology Cooperative.

Nurseries: Lava Nursery, Inc.

Oregon State Department of
Forestry, D. L. Phipps Forest
Nursery

USDA Forest Service, Rogue
River National Forest, J.
Herbert Stone Nursery

Washington State Department
of Natural Resources, Lt.
Mike Webster Nursery

Weyerhaeuser Company

Seedling Users: BLM--Coos Bay District
BLM--Eugene District
BLM--Medford District
BLM--Oregon State Office
BLM--Roseburg District
BLM--Salem District

USDA Forest Service, Umpqua
National Forest

Specialist Organizations?

USDA Forest Service, Pacific
Northwest Forest and Range
Experiment Statfion

USDA Forest Service, Pacific
Southwest Forest and Range
Experiment Station

USDA Forest Service, State and
Private Forestry, Region 6

In: Murphy, Patrick M., compiler. The challenge o
producing native plants for the Intermount
area: proceedings: Intermountain Nurseryman's
Association 1983 conference; 1983 August 8-11;
Las Vegas, NV. General Technical Report INT-168.
Ogden, UT: U.S. Department of Agriculture,
Forest Service, Intermountain Forest and Range
Experiment Station; 1984. 96 p.
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USING A PRESSURE CHAMBER TO DETECT DAMAGE TO

SEEDLINGS ACCIDENTALLY FROZEN DURING COLD STORAGE

Douglas D. McCreary

ABSTRACT: During cold storage, seedlings are
sometimes accidentally frozen. A study to
determine if a pressure-chamber device could be
used to detect the extent of this type of injury
indicated that the change in plant moisture
stress of potted seedlings during the first week
after freezing is a reliable measure for pre-
dicting seedling sucvival.

INTRODUCT ION

Storage of bareroot secedlings is often a
necessary step in the reforestation of conifers,
as labor, geographic, and climatic constraints
make it virtually impossible to plant seedlings
immediately after they are lifted. It is well
established that the temperature during storage
can greatly affect seedling quality (Hocking and
Nyvland 1971). Currently, most conifer seedlings
are stored between 0° and 3°C because cold tem=
peratures reduce respiration and inhibit the
development of harmful molds. But, despite
{mrrovements in the overall quality of refrigera-
tion facilities, occasional equipment malfunc=
tions result In seedlings being exposed to
subfreezing temperatures. Such exposure can be
especially injurious to root systems, which are
more sensitive to freezing than shoots.
Unfortunately we know little about the tolerance
of roots to this type of injury, nor i{s there a
simple and effective method of identifying its
extent. When such a storage problem is discov-
ered and it must be decided whether seedlings
should be discarded or planted, there is little
on which to hase a decisfon. Consequently, in
December 1982, as part of the Nursery Technology
Cooperative at Oregon State University, we ini-
tiated a study to determine if a pressure~
chamber device could be effectively used to
identify seedlings that were severely damaged by
accidental freezing during storage.

METHODS

One hundred, 2-year=old Douglas-fir (Pseudotsuga
menziesf{ (Mirb.) Franco) seedlings from a com=
mon seed source were randomly divided into 10
equal groups for 10 temperature treatments.
Each group was placed in a sealed plastic hag in
a freezing chamber programmed to remain 1 hour
at +1°C. The temperature was then lowered at

Douglas D, McCreary is Research Assistant in the
Department of Forest Science, School of
Forestry, Oregon State University, Corvallis,
Oregon.

the rate of 2°C per hour. We removed the first
bag at =3°C and continued to remove one bag
every half hour at each drop of 1°C until the
temperature was -12°C. Immediately after
removal from the freezing chamber, each bag was
placed in a cold room (+1°C) and left overnight
to thaw gradually.

The day after thawing, all seedlings were tagged
with their freezing-treatment number and planted
randomly in pots, one seedling from each treat—
ment in each pot.

The following day, a small lateral branch from
each seedling was removed and placed in a
pressure chamber to determine its plant moisture
stress (PM5). This procedure was repeated on
the fourth and sixth days after potting. P'S
was recorded as a positive number, so that an
{ncrease indicated greater water deficit within
the seedlings. The night before each PS deter-
mination, all pots were watered to fleld capa-
city to ensure similar soil moisture conditions
for each pot on each evaluation date.

The seedlings were maintained for 2 months in a
growth room under a l16~hour photoperiod and
constant 22°C temperature. During this time,
the pots were watered regularly and soil
moisture remained fairly high. At the end of
this period, we recorded the percentage of dead
seedlings from each of the 10 freezing treat=
ments and calculated the average PMS per treat-
ment for each assessment date. For each
treatment, we calculated the average absolute
{ncrease and average percentage increase in PS
between the first and fourth and the first and
sixth days after planting.

We then determined if there was a significant
relationship between freezing temperature and
PMS on each date. Next we calculated correla-
tion coefficients for the relationships between
mortality and absolute and percentage changes in
PMS over all treatments. Finally, we determined
the average P8 for seedlings that lived and
those that died and tested for significant dif-
ferences. All reported differences were signi-
ficant at P = 0.01 unless otherwise stated.

RESULTS

Twenty of the original 100 seedlings died during
the 2-month assessment period. Figure | shows
mortality percentages for each freezing treat=
ment. Sixteen of the dead seedlings were from
the two lowest temperatures, which indicates
that among seedlings of the seed source used,
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Figure |.--Final mortality of seedlings, by
freezing treatment.
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Figure 2.-=Average plant moisture stress of
seedlings, by treatment and day of evaluation.

the threshold temperature for lethal damage
(=11°C) was quite uniform. Figure 2 shows
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Figure 3.--Average plant moisture stress of sur-—
viving and dead seedlings.

average PM5 by treatment for each assessment
date. There are three interesting things to
note: first, that average PMS for all treat-
ments increased over time; second, that first-
day PMS tended to be lower in the colder treat-
ments (freezing temperature and PMS were signi-
ficantly and positively correlated); and third,
that this initial trend dramatically reversed
during the following 5 days. Seedlings from the
two coldest treatments had the highest average
PMS values on the sixth day after planting, and
freezing temperature and PMS were significantly
(P = 0.05) and negatively correlated.

The relationships between lethal freezing injury
and PS (fig. 3) show that seedlings that died
had significantly lower {nitial PMS values that
then rose precipitously. Seedlings that lived
had higher initfal PMS values that increased
gradually between the first and fourth days and
then remained relatively unchanged. PMS on the
sixth day, and the percentage difference between
the first and sixth days, were significantly
higher for those seedlings that eventually died.

As might be expected from this discussion, the
percentage of dead seedlings from a given
freezing treatment was closely correlated with
the absolute and percentage increase in PMS for
that treatment. There was a strong correlation
between mortality and both absolute and percen-
tage increases {n PS5 for both measurement
intervals (days | to 4, days | to 6).
Significant correlation coefficents were:

Percentage mortality x absolute increase in PS
Days | to 4 r = 0.80
Days | to 6 r = 0.98

Percentage mortality x percentage increase in
s

Days 1 to & r = 0.85
Days 1 to 6 r = 0.9

Although all correlations were significant, the
larger coefficents for the longer time {ntervals
indicate that predictions of mortality from PS

change are more reliable after 5 days than after
3 days.

CONCLUSIONS

Our initial hypothesis was that accidental
freezing during cold storage can injure root
systems, so that seedlings cannot take up water
and maintain an adequate moisture status once
they are planted. The data are consistent with
this view. Seedlings killed by the freezing
treatments became more stressed over time than
seedlings that lived, although they initially
had lower PMS. An initial reduction, also found
by Bixby and Brown (1974) and Timmis (1976), is
apparently caused by internal rupturing of cells
and release of water into the xyl.w. Over time,
the transpirational demand probably depletes the
available water in the seedlings, and PMS rises
rapidly as the water is not replenished by the
injured root system.

Because we found considerable variability in the
initlal PMS values of seedlings receiving the
same freezing treatment, and because the change
in PMS was so closely correlated with lethal
injury, we believe that the procedure outlined--
measuring seedlings once soon aftér planting and
once 5 days later--is a more reliable technique
for predicting injury than a single PMS measure-
ment. The exact magnitude of change in PMS that
indicates severe freezing damage, however, is
not clear. In this study, a 4-fold increase
between the first and sixth days reliably indi-
cated seedling mortality; those with less than a
4=fold increase in PMS lived. The 4-fold
separation value predicted the final survival
status of 97 percent of the seedlings. In pre-
liminary results from another trial, however, a
3-fold increase during the flrst week after
planting indicated mortality. In this second
trial, there was little or no change in the PMS
values over time for most surviving seedlings,
in contrast to the rough doubling of PMS between
the first and sixth days for surviving seedlings
in the study reported here.

Although some calibration must be done to per—
fect the technique, the data clearly suggest
that a pressure chamber can be a very useful
tool in identifying seedling injury caused by
unintentional freezing during cold storage. The
assessment procedure outlined is simple,
requiring only a pressure chamber and a small
amount of greenhouse or growth-room space, and
it can be completed within a week after the
suspected injury occurs.
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ASEXUAL VS, SEXUAL PROPAGATION OF QUAKING ASPEN

Robert B, Campbell, Jr.

ABSTRACT: Quaking aspen (Populus tremuloides
Michx.) regenerates almost exclusively by root
suckers in the western United States, even though
female clones produce abundant viable seed.
During the past decade, interest in propagating
aspen for use as an ornamental and for
revegetation of forest land has increased. To
satisfy these diverse needs for aspen planting
stock, nurserymen have a choice betwezn sexual
and asexual propagation. Criteria for clone
selection, suggestions for root and seed
collection and ge, propagation

and the advantages of both sexual and asexual
propagation are discussed.

INTRODUCTTON

Quaking aspen (Populus tremuloides Michx.) has
the widest distribution of any native tree
species in North America (Fowells 1965). This
significant fact suggests that quaking aspen can
grow under a vast range of environmental
conditions. Thus, if aspen could be successfully
propagated, it could be used widely as an
ornamental and for reforestation and land
reclamation. In the western United States, this
important species relies almost entirely upon
vegetative regeneration from root suckers.
Female clones, however, produce many viable
seeds.

Interest in propagating quaking aspen for use as
an ornamental and for reforestation surged during
the past decade. Vegetative propagation techniques
have been developed (Schier 1978b) and have
specific advantages. However, seed propagation

is less labor intensive and is used by some
nurseries to produce large quantities of planting
stock.

T will present various factors that nurserymen
should consider before selecting between sexual
and asexual methods of propagating aspen.

ASEXUAL PROPAGATION

Quaking aspen clones have numerous long, lateral
roots in the top 6 inches of the soil profile.
Suckers may arise along these roots and become a
younger generation of ramets that are genetically
identical to the trees of the parent clone.

Robert B. Campbell, Jr. {s a botanist with the
Intermountain Forest and Range Experiment
Station, USDA Forest Service, located at the
Forestry Sciences Laboratory, Logan, Utah,

Many amateur and professional landscapers
transplant these natural suckers, or wildlings,
for ornamental purposes. When the wildlings are
dug up, the soil usually falls away exposing the
root system. Typically, the transplant's root
system consists of only a 12- to 18 inch segment
of lateral root from the parent clone. Once
transplanted, the wildlings usually grow slowly
at first and develop small leaves. Generally
they have few, if any, branch roots at the time
they are removed from the parent clone, and the
existing root system is inadequate; consequently
many wildlings do not survive after transplanting
(Schier 1982).

A few commercial landscapers report good survival
and growth of transplanted aspen when the suckers
have well-developed, independent root systems.
They are careful to keep the root ball tightly
bound, which protects the fragile new roots.
Sharp shovels are used to minimize root damage,
which can be an infection site for pathogens. It
is best to transplant aspen {n the dormant stage.
Survival can be excellent when aspen 3 to
inches diameter at breast height (d.b.h.) and 18
to 20 ft tall are carefully transplanted with a
4b-inch tree spade. (Personal communication with
Ron McFarland of Landscaper's Service, Steamboat
Springs, Colo.)

Another nurseryman substantially improves the
survival and vigor of transplanted wildlings as
follows: (1) Wildlings are selected from
undisturbed clones where the regeneration varies
in size and age. (Failure apparently is common
when wildlings come from clones with a history of
disturbance as characterized by many suckers of
the same age.) (2) When trees 3 to 5 inches
d.b.h. are transplanted, the trees are first
wiggled and only those trees that are firmly
rooted in all four directions are selected. (3)
After transplanting, the aspen are given three
applications of a complete foliar fertilizer and
one hydraulic injection of the fert{lizer into
the root system. (4) The trees are sprayed with
Benomyl (a systemic fungicide) to reduce the
incidence of fungal pathogens common to aspen,
(Personal communication with Jerry Morris of
Rocky Mountain Tree Experts, Lakewood, Colo.)

Methods have been developed to arcificially
propagate aspen vegetatively (Schier 1978b),
Though labor intensive, these methods offer a way
to produce rooted aspen suckers capable of
vigorous growth. 1 want to dispel the myth that
vegetatively propagated aspen inherently have
slow growth. Aspen trees propagated vegetatively
14 vears ago at Logan, Utah, are now 32 ft tall.

Clone Selection

In 1976, aspen suckers were prepagated
vegetatively from 10 healthy and 10 deteriorating
clones in Logan Canyon. Schier and Campbell
(1980) describe the site and suckering
characteristics for these 20 clones. The two
groups of clones differed appreciably with
respect to aspen density, basal area, and
mortality.

The rooted sucker cuttings were planted in tubes,
2.5 inches in diameter by 10 inches long, filled
with peat moss:vermiculite (1:1) and placed in

the greenhouse. The next spring the suckers were
transplanted to peat moss:sand (3:2) in 1 gal
pots and moved to the lathhouse. Under the
direction of Dr. George A. Schier, the young trees
were transplanted during spring 1978 to a common
garden at the Green Canyon Nursery 3 miles
northeast of Utah State University.

A total of 439 aspen were planted randomly in 15
rows of up to 30 individuals per row with a
6.6-ft spacing. Soil amendments and fertilizers
were not used at the nursery. Rainbird
sprinklers provided regular but moderate
irrigation. After 2 years at the nursery, the
trees had substantial variation in height growth.
In an attempt to standardize subsequent
vegetative growth, all stems were cut off at
ground level in the spring of 1980. Thus all new
suckers started from established root systems.
As new suckers arose, a dominant sucker was
selected; all other remaining and subsequent
suckers were cut off.

The new suckers are now in their fourth growing
season, and some trees are over |2 ft tall. Data
recorded Include: height growth for each year,
the number of lateral branches, the length of the
longest three laterals, and stem form.
Preliminary results indicate that substantial
variation in these morphological traits occurs
between clones. Also, clonal variation is
obvious for the time of leaf flush, leaf size and
shape, and the angle of branching between the
main stem and lateral branches. This
common-garden planting illustrates well the
genetic control of these characteristics in
aspen.

The survival rate in the common garden is an
impressive 99 percent. Of the 439 aspen planted,
only three died; two others were stolen.

Although a few trees have poor growth, at least
95 percent have acceptable growth.

Many factors should be considered when selecting
a clone for asexual propagation. Do the trees in
the clone have a desired shape and appearance?
Is the soil type desirable for root collection?
Are there abundant (or sufficient) lateral roots
near the sofl surface? Will the roots collected
have a high capacity to sucker, and will the
sucker cuttings develop roots? (Preliminary

s are suggested to determine the clone's

ring and rooting capabilities.) These
questfons relate to specific factors that vary
greatly among clones in nature.

Tree height may be a misleading guide for
acceptance or rejection of a prospective clone.
Environmental conditions, particularly those
related to available moisture, strongly influence
height growth. One would expect trees
vegetatively propagated from a clone with tall
trees to grow reasonably tall; however, I have
seen suckers propagated from clones with short
trees on a poor site grow unusually fast and tall
in a better environment.

Harniss and Nelson (in press) indicate that aspen
clones vary in susceptibility to Marssonina, a
fungal leaf blight. They surveyed about 1,000
acres of aspen in northern Utah during a recent
epidemic year for Marssonina. Resistant or
lightly infected aspen trees occupied only 18
percent of the total area. They suggest that the
best control of this leaf blight, particularly
for ornamental and revegetation purposes, would
be to select for highly resistant clones.

Numerous desirable traits of specific aspen
clones c¢an be perpetuated by vegetative
propagation. Barnes (1966) suggests that the
following characteristics are generally uniform
among the ramets of the same clone: leaf size,
shape, and color (both spring and fall);
phenology; stem form and branching habit (for
example, excurrent growth or wide spreading crown
and degree of self-pruning); sex; bark color and
texture; and tendency for disease and insect
attack. These traits may be important to
consider when a clone is selected.

Root Collection and Storage

Schier (1978b) explains in detail the root
collection process. He mentions specific
advantages for using a spade, an anvil-type
pruner, and a moist cloth bag for collecting
lateral roots that range from 0.4 to 1.0 inch in
diameter.

The season of root collection can significantly
alter the number of suckers produced. During the
spring flush and early shoot growth, the roots of
aspen clones have high levels of auxin, which
reduces sucker formation (Schier 1973). Schier
(1978b) explains that roots collected during the
clone's dormant stage (early spring, later
summer, or fall) typically yleld more suckers
than those collected during active growth. He
notes that early spring collections are easier to
make and result in less root damage because the
soil is still moist.

Perala (1978) and Schier (1978a) report that the
number of aspen kers produced is not related
to the length of the root cuttings. Because the
length {s not a critical factor, roots can be cut
for the convenience of tray size and available
space.

Schier and Campbell (1978) suggest that in some
situations it may be useful to hold aspen ro
in cold storage before planting the roots to
begin the suckering process. For example,
nurserymen could have the flexibility to collect




roots from clones at different times, hold them
in cold storage, and then plant the roots at the
same time. In addition, the first growing season
for the new suckers could be lengthened {f the
roots were collected in the fall, stored, and
then planted in the greenhouse during late
winter. Schier and Campbell (1978) treated root
segments with Benomyl, wrapped them in moist
paper towels, placed them in plastic bags, and
stored them in the dark at 36 F for up to 25
weeks. In most cases the cold storage did not
significantly alter the number of suckers
produced by the roots. They suggest that roots
from most clones can be stored for extended
periods of time and still produce suckers
suitable for propagation. FEven after storing
root cuttings from three clones for 12 months in
a cold room, I found that some suckers still
arose from the roots. When the remaining roots
from the same lot were tested next at 18 months,
they were rotten and did not sucker.

Propagation Method

Briefly, proceduces developed by Schier (1978b)
to vegetatively reproduced aspen are: (1)
Collect lateral roots from desirable clones. (2)
Clean the roots, cut to suitable lengths, treat
root segments with Benomyl, and plant them
horizontally at a depth of 0.5 inch in travs of
vermiculite. (3) Place the travs in a
greenhouse, water lightly each dav, and allow the
root segments to sucker for 6 weeks. (4) Cut the
new suckers from the root segments, treat the
suckers' bases with indolebutvric acid (IBA), and
plant the sucker cuttings in moist
vermiculite:perlite (1:1). (5) Put these
cuttings on a misting bench for 2 to 3} weeks to
root. (6) Transplant the rooted curtings to
containers with peat moss:vermiculite (1:1) and
apply a complete fertilizer. [Use supplemental
light during short days and maintain the
temperature between 59° and 77° F. Aspen have
winter chilling requirements that are satisfied
at 36° to 50° F.

SEXUAL PROPAGATIOM

Female aspen clones produce highly viable seed in
the spring (Fowells 1965; McDonough 1979).
Growing aspen from seed {s less labor intensive
than the exual methods discussed above. Some
nurserymen are growing seedling aspen on a
production scale. Native Plants, Inc. presently
has in its nursery several hundred thousand aspen
seedlings of various sf{zes, both as bare root
stock and in containers (personal communi ition
with Mike Alder, Natfve Plants, Inc., Salt Lake
City, Utah).

I will comment on several lcems that may be
useful to nurserymen who wish to propagate aspen
from seed.

Clone Selection

Not all aspen clones bear seeds. Typica

aspen have imperfect flowers arranged in catkins
With few exceptions, all of the catkins produced
in a clone will be the same sex. Reports in the
literature suggest that the male to female ratio
of aspen clones varies in some areas in favor of
the male (Fowells 1965, Grant and Mitton 1979).
From my general observations, I believe that only
20 to 25 percent of the clones in the West will
set seed in any one year. Thus, finding female
clones with seed is a major limitation for clone
selection.

Before flowering, the winter floral buds usually
can be picked apart and carefully observed with a
hand lens to determine the sex. The best time to
determine the clone's sex i{s mid- to late spring
when the catkins are extended. The male catkins
have a cluster of purple anther sacs on each
scaly bract. The female catkins have a single,
green, top-shaped capsule at each bract.

Although catkins disintegrate rapidly after
shedding pollen or seed, enough fragments to
identify the clone's sex usually will remain on
the duff layer throughout most of the summer.
Emphasis should be placed on finding female
clones with desirable attributes for the proposed
use of the new seedlings. Nevertheless, because
of genetic recombination the seedlings will not
be exactly like the trees in the female clone.
The odds for desirable offspring, however, should
be better {f the female clone has the preferred
characteristics.

Seed Collection

Aspen flowering is controlled in part by
temperature. Because of this, the same clone may
vary up to 3 weeks in date of flowering from vear
to year. Temperature also affects flowering
phenology along elevational gradients, with
earliest flowering beginning at the lower
elevations. In northern Utah male and female
catkins usually begin to emerge in mid- to late
April. The male catkins soon elongate and the
clusters of purple anther sacs begin to shed
pollen. Following pollination, some 4 weeks
later as the leaves begin to flush out, the
female catkins elongate as the seeds mature and
the green capsules swell. One to 2 weeks later
the capsules open and shed the seed in a fluff of
cottonlike hairs.

Rather than collecting the cottony fluff i{n the
field, use a long pruner to cut branches from
trees with female catkins about a week before the
seed would ordinarily be shed. The catkins can
then be forced fn a greenhouse or lahoratory.

A method commonly used In Furope for seed harvest
from Furopean aspen (Populus tremula) will also
work for quaking aspen. The cut ends of the
catkin-bearing branches are placed in containers
filled with water. Water is added as needed and
kept at a temperature of 46" to 50° F. High air
temperatures (58" to 104° F), low relative
humidity, and gentle ventilation quicken the
ripening process. The catkins should not be
exposed to full sunlight. When the capsules
open, a suction device is used to remove the

cotton and seed. The seed will separate from the
cotton as the air current passes through a series
of three cylinders connected by small tubes. The
viable seed accumulates in the first two
cylinders (FAO 1979).

Aspen seed need not be removed from the cotton
for germination, but cleaned seed is easier to
handle. The mature seed is tan, plump, and
small; Schreiner (1974) indicates there are about
3 million cleaned seeds per pound.

Seed Viability and Storage

McDonough (1979) stresses that aspen in the West
produce ample amounts of nondormant, germinable
seed. MHowever, inadequate soil moisture during
germination and early seedling growth usually
prevents establishment under field conditions.
He found germination cnpacl:lcs“uf 9% Lo 100
percent at temperatures from 36 to 86 F.
Germination began within 8 to 12 h when
temperatures were 68° to 95° F. Also, seeds air
dried for 2 days at 68 then stored in
vapor-tight bottles at 28 F for 48 weeks
retained 90 percent or better germinability.

McDonough (1979) shows that the depth of planting
greatly affects seedling emergence, which
decreases significantly if the seed is placed
deeper than 0.15 inch below the surface.
Greenhouse seedbeds and standard potting soils
are suftable for germination and seedling
establishrent when watered gently.

Poplar seed can be stored for several vears with
only a slight decline in the germination rate if
stored in a cool, closed container with low
humidity (FAO 1979). Fowells (1965) explains
that good seed crops for aspen occur every 4 to 5
vears, with only light seed production {n the
other vears. Nurs en could collect seed
during the vears of abundant seed and store it
for a few vears without appreciable declines in
germinati{on potential.

We collected seed {n May
northern Utah, air dried the seed for .

then stored it in a sealed plastic envelope at
36 F. Inftially the germination rate was 94
percent. 1 tested the seed lot in April 1982 and
ohserved a 92 percent ge ation capacity.

April 1983, after 4 vears of cold storage, the

seeds still had 82 percent germinabiliey.

The propagati
pment, 1
tative methods
utplant{

In contrast, vegetative propagation vields new
ramets genetically identical to the parent.
Nurserymen can select for the superior clonal
traits preferred by their clientele. The future
for asexual propagation of aspen is promising
with many possibilities for new advances. In
fact, tissue culture, another form of vegetative
propagation, is currently being used by Native
Plants, Inc. to grow tens of thousands of aspen
plantlets from a single seedling tree that has
supericr traits (personal communication with Mike
Alder, Native Plants, Inc., Salt Lake City,
Utah).

1 stress two recommendations that apply to both
methods. General wisdom indicates that clones
selected for either root or seed collection
should be in the same general area and elevation
as the anticipated outplanting, whenever
possible. Also, aspen respond best when the ¥
fertilizers applied contain a full complement o
macro- and micronutrients.

Aspen can be readily propagated by either sexual
or asexual method both of which have unique
advantages. Nurserymen are challenged to
capitalize on these advantages to produce aspen
stock tailored for specific uses.
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seed viability (Benson and Marder 1972). Seed Table 1. Chemical and Physical Properties of Nursery Bed Media The relative importance of physical and chemical
Qe rmn«-!l.un was above 90 perccnt when tested —— e e eitesgiiaed] conditions derived from peat were not determined.
two weeks prior to nursery bed showing. SOIL 174 PEAT (v/v) if2 BEAT 0% 9EAT anever‘;jsccd‘llinns gr:\xm‘ln pcnz-n?endedbv;m!ﬂ:

R . were subjected to conditions more favorable than
tn<r:a,nlt!on of experimental nursery beds fol- :‘I‘_ff:“‘:‘ - soil for nucrient exchange and uptake, and less
lowed procedures developed by Benson and Einsphar ptyies i A tavorable for build up of soil pathogens.

(1962) and modified by Benson and Dubey (19 ’ i

Within a 2. mx 15.9 m area, five 1.19 m x Bulk Density

“l m areas were excavated to a depth of 92 cm
each to accomodate a 1,22 m x 2.44m x 2,44 m
wood frame support d frame covered with
standard window s e Plywood boards divided
each frame into equal quadrants to a depth of
92 - Polyvethylene plastic lined the main frame kil catad
soil side walls to the same ! SR
to the same lcpth.

Applied over an extensive area, peat amendments
would be costly and a local substitute might be
sought. In northern New Mexico old composted
sawdust can be obtained and may provide a satis-
factory substitute (Montano and others 1977).
The disadvantages of fresh sawdust and farm
yard manure were discussed by Armson and
Sadreika (1974), who also recommended peat

C.E.C. ipplication rates and procedures.

The excavated soil was combined with horticulture- (meq/100
grade peat moss to establish four nursery bed . WBLIC IS, G
growing media: (1) soil; (2) 1/4 peat, 3/4 soil; . i . y PUBLICATIONS CITED
peat, 1/2 soil; and (4) 3/4 peat, 1/4 ] k / g
voluse). Tis sadieton, elemental solfor 1 . + + i Armson, K. A. and V. Sadreika. 1974, Forest tree
rate of 852 kg/ha (750 1b/ac) to v 0 wigas smoM  SLED nursery soil management and related practices.
yeical and chemfcal sonertiss 5.3 Can. Ministry of Natural Resources. 177 p.
RIS AN e Elba aa bt et . 4 Figure 2. Cumulative Leaf Number for Quaking Aspen Seedlings Under
oyéd By ehe Sotl. and Waces ;:f“m‘ ) . ] 2 ursery bed conditions Benson, M. K, and D. Dubey. 1972. Aspen seedling
Laboratory, New Mexico State Universicy. ! ; y production in a commerclal nursery. Inst. Pap.

%\l 2 Soodiliog Girowith Mimponsid o T8 WIS Chem. Genet. and Physiol. Notes No. 12, 7 p

Each bed frame was covered with plastic to 1 : 2
fumigate all experimental plots with methyl Benson, M. K. and Einsphar. 1962. Improved
bre T ¢ SO WPEAT o PEAT method for nursery production of quaking aspen

following day, frame tops were
. = seedlings. Tree Planters' Notes No. 53:l1-14.

Seedlings grown with peat .mendments were consid-
beds were aerated ior 48 hours. erably taller and supported more leaves than S b i AR
P e ) " o t,} .l' grown in soil alone "Aﬂi. 1 and Cilger G by s S _—
55 o8 M.Sm e rn[ grr‘«:.n-‘..—.{;::u w.-;.‘lli‘w. .'!Nn(!'-!.n’emg;-d 132 per square meter Leat Number 577 6.73 852 1100
: produce icross all treatments and density differences Wl dreae=n L8 3029 4932 506 Physiol. Notes No. 11,4 p.
o lowi ivu:nr T among treatments were not statistically signifi- ; ; y
ere cant at the .05 level. Table 2 compares har- Seamnio) om o om0
i ested seedlings across treatments. Most signi- ot on i L e
cant is the failure of soil ur soil and 1/4
peat to produce a minimum caliper ~f 0.3 cm
(1/8") 3/4 peat produced = 30-cm shoot.
Read treatments in ble 2, differ-
paired numbers are statistically
the .01 1 except leaf areas Lasl Shost Haet Lot
“« peat. Helght Caliper No. OWT DWT Ar

Benson, M. K. and M. L. Harder, 1972. Storage
of aspen seed. Inst. Pap. Chem. Genet. and

Cryer, D. H. 1980, Soil analysis: A method to
determine Christmas tree productivity in the
mountain valleys of Mora County. M.S. Thesis,
New Mexico State Univ., Las Cruces. 110 p.

T Table 3. Correlation Matrix (R°)

Harder, M. L. 1970, Procedures for collection
and extraction of Populus seed. Inst. Paper
Chem. Genet. and Physiol. Notes No. 9:3 p.

Helght o e . jones, J. R. and D. P. Trujillo. 1975. Develop~
lvsis of the pooled data Culp: ; o ment of some young aspen stands in Arizona.
for examining growth ;;:'“;m 52 DA For. Serv. Res. Pap. RM=151,11 p.

The correlation Rost DWT ;
several parameters by g Montano, J. M. J. T. Fisher and D. I. Cotter.
1977. Sawdust for growing containerized forest

eedlings Tree Planters' Notes 28:6-9,
to be closely related. Specifically, height y )
closely related to caliper, leaf number, and 1. F. and G. H. Fechner. 1980. Seed
hoot weight. All of the values shown are hairs and seed germinatfon in Populus. Tree
statistically significant (.0001 level). Planters' Notes 31:3-4,

DISCUSSION AND CONCLUS[ONS

The study demonstrated that plantahle aspen

seedlings can be successfully the Mora
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peat and sulphur, . 11 0.3

mpiler. The challenge of
to 0.9 em (1/8 the Intermountain
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Container/cavity dimensions

ol 5 .
Container Type Composition

Top Diam. Length Width Depth Volume

(cm)

Styvrofoam
roblock Stvrofoan
Leach Tube Polyethylenc
Book Hillson' Polvethylene
Book Tinus Polvethylene
Square Bottomless nknown plast ic
Cylinder Tar Paper Asphalt

570.8

T o
Containers referred to in text as small are
Containers referred to in text as large are,

1 :r Tar Paper.
Styroblock 7 and 8=Silvasced Company
Yeach Tube=-Ray Leach Cone-Tainer, 15

‘Book Hillson adn Book Tinus==Spencer--Lemaire

Alberta, Canada T5G 2Y3.

At the cighteeenth week, the ants were harvested.
The development of the root system in cach container

wias visually evaluated. The plant shoots and

were dried at 65°C for 48 hours for dr ight

rmination. The experis 11 design was a

split plot in a random block with seven containers
md two species replicated four times, The growth

rate measurements were determined randomly by

selecting plant somples from each container

RESULTS AND DISCUSSION
Stem Length

Larger containers such as Book Tinus and Tar ¥
produced greater stem lensth for Austeian pine
spruce when compared with the small siz

»f Styroblock 7 (table 2). Possibly

jameter of these containers influenced the
v length.  Similar results were reported

the lodgepole pine and white spruce (Car

Endean 19763 Endean and Carlson 1975). Wall

itcomb (1980) also reported an increase
1ling height
mese Black

ine we
Whereas
pruce w

ontainer

lodge~

Lacebark Elm, Atlas Cedar and

Styroblock 7, Styrobloc, 8, ch Tube,
Hillson, Book Tinus, Square Bottomless and

118, Roy, Washington 98580,
Street, Canby, Oregon 97013,
Industries LTD., 11413=120 Street, Edmonton,

pine and therefore had a greater number of roots

in the top quarter of the container. In contrast,
pine had more roots in the bottom of the contalner.
Austrian pine prew equally well in all containers

tested regardless of container configuration and
volume. However, Norway spruce seems to grow

better in the smaller and tapered containers such

as Styroblock 7, Stvroblock 8, and Leach Tube,
possibly because of fts shallow root syste

Shoot /Root Ratio

The shoot/root dry weight ratio of pine seedling

was greatest in Tar Paper which gave b ille
root system (table 2). The Tar Paper w form

1 eylinder which had smooth walls and no ribs.
reulating and spiralling primary lateral roots
\bout the tap root Is common in cvlindrical con-

tainers (Tinus 1978 and Agpnew 1981). The main

disadvantage observed with the Tar Paper contalner
was the root penetrati through the tar paper wall

into the adjacent tar paper pots. This makes
removal difficult, damages the root system and
results In loss of roots. : likely th

reason for lewer root d fuht of both species

rown in Tar Paper containers, Such problems

Tar Paper contalners also were noted by Strachan

(1974).  Norway spruce reater shoot/root
Mt ratfo in the larger volume contalners:
Paper, sook Tinus and Book Hillson (table 2).

Qualit

The extensity,fibrousness, and uniformity
" tem were taken into consfderati
wl evaluations on root qualit

Austrian pline duced

' very

contalners tested except
+ pruce
rohlock 8§ and Sty

both species Indlcated a

tem in Leact

The Book planters produced

ind eanily extracted (1

Tube and




Table 2. Effect of various containers on stem length (cm), dry welght (g), root quality and root
dry weight/container volume ratio (mg/em’) of Austrian pine and Norway spruce seedlings.

TRy . Root Root Dry Weight/
Dry Weight (g) Qualiey™ Container Volume

Shoot Root

Styroblock 7 4.3 4 0.36ab
Styroblock 8 4.6be 0.4%a

sok Hillson : 4 0. 34ab
Book Tinus : 0.41a
Square Bottomless .7abe 2 0.41a
Cvlinder Tar Paper 4. 87 : 0.27b

Styroblock 7 2 0.30ab 0.18ab 1.66bc

Stvroblock & be 0.32a 0.20a 1.60bc

Leach Tube b 0.27abe 0.19a 1.42¢ 3 5 Figure 3. Austrian pine plugs extracted from Book
Book Hillson 0.22cd 0.09¢ 2.44a Tinus and Book Hillson. Norway spruce plug of Book
Book Tinus 0.19d 0.09 b . t Hillson.

Square Bottomless 3.00 0.23bed 0.14abe

Cvlinder Tar Pape a 0.25abed 0.12¢ 2.08: & S = ~
vlinder Tar Paper The square containers were effective for the produc Fisareld it ant eTenT p That and Hareey spruce s cowm

Y, e = I tion of a good root system in both species (fig. 4). in square bottomless container

“Means of 24 seedlings from 4 replicates.
e e e e oy g s At The smaller and tapered containers produced a more Allison, C. J. Jr. Design consideration for the RL
Visual rating of root system: | = poor, 2 = fair, 3 = good, & ory good, 3 " dense root system than the large container by the single cell system. Proc. N. Amer. Containerized
eighteenth week post-germination. It has been For. Tree Seedling Symp., Great Plains Agric.
suggested (Allison 1974 and Sjoberg 1974) that the Counc. Publ, 68:233-236; 1974,
tapered cavity design with rigid and ribbed walls
of RL single seedling container (Leach Tube), or Arnott, J. T. Performance in British Columbia.
the Styroblocks, influences the root growth resulting Proc. N. Amer. Containerized For. Tree Seedling
in fibrous well-developed and balanced root system. Symp., Great Plains Agric. Counc, Publ, 68:283-
Barnett (1982) showed that pine seedlings grown in 290; 1974,
Styroblocks performed better than those grown in

o other containers. Barnett, J. P. Growing containerized Southern pines.
:» Prec. N. Amer. Containerized For. Tree Seedling
: 2 " . Symp., Great Plains Agric. Counc. Publ. 68:124-
‘ \ CONCLUSTON 128; 1974,
B Selection of contalners should be based on the Barnett, J. P. Selecting containers for southern
. - 5 3 preference of a particular plant species. Smaller pine seedling production. P, 15-24. In R, W.
# P v | and tapered containers such as the Styroblock 7, Guldin and J. P. Barnett (eds.) Proceedings of
e { % Styroblock 8 and Leach Tube can be used to grow the Southern Containerized Forest Tree Conference.
! : pine, spruce or similar plant seedlings over shorter Savannah, Georgia; 1982,
i~ . ] . v periods of up to six months. The larger containers

such as the Book and Square may be used successfully Carlson, L. W., and F, Endean. The effect of rooting

over a longer period. Many studies have focused on volume and container configuration on the early

the effect of container shape and configuration on pgrowth of white spruce seedlings. Can, J. For.

plant growth, but yet it i{s not known whether the Res. 6:221-224; 1976,

actual material which containers are made of has

any (nfluence on root development and growth. Dickenson, S. and C, E. Whitcomb, Effect of con-

(A) and Norway spruce (B) Figure 2. Austrian pine seedlings grown In Book Effects of various types of minf-containers on the cainer design on root quality. Res. Rpt., P=777,
15¢

Styrosises

Styroblock
a8

Austrian pine

Fiacte rom Stvrob

7. Styroblock 8, Hillson which can be easil wened to ohserve t seedling performance after transplanting need further Agric. Exp. Sta., 0,5.U, P, 35-136; 1978,
root system. research.
Endean, F. and L. W. Carlson. The eftect of rooting
PUBLICATIONS CITED volume on the early growth of lodgepole pine
seedlings. Can. J. For. Res. 5:55-6031975.
Agrew, M. L. Influence of plexiglass inserts on
Tohnso na orestry service col J
prevention of root spiraling of contalner grown meges de et R b eNEre BV IS Sontaiies
tree species. Master's The Department of P G ST ADHEER v CRRRRRCENNGN . MW

™ oba, Proc. N. Amer. Contalnerized For. Tree
Horticulture, Kansas State University, Manhattan, ‘l‘:;,t:‘ 4 % l\mv§ |I ”l\l‘lrvx‘ lln"‘ ; ri‘ Vrln‘
etieuttute od 1 ing pat Plains Agric. Counc. Publ,
Kansas. 1981, 68:298-305




Mann, W. F., Jr. Status and outlook of container-
ization in the South. J. For. 7 79-581; 1977.
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ription

The dryland planter is de jned to be mounted on
the rear of a tractor. It features hydraulic
leveling devices, hydraulic auger with a
scarifier, rotating carousel mounted on a movable
carriage and two packing spades The machine
plants containerized shrubs or trees quickly and
effectively. ling devices and high
clearance e operations on rough ground or
moderate slopes, while insuring adequate place=-
ment. The containerized root system and auger
holes allow sufficient moisture uptake and
unrestricted root growth for better survival.

The planting is automatic and controlled from
the actor. When the planter is positioned,
the platform is leveled with hydraulic cylinde
The auger digs a hole; the scarifier auger then
removes an eting veqetation from around the
hole. The carousel containing the seedlings
rotates and tt arriage moves forward on the
platform, dropping a se g into the hole.

The packing spades firm the soil around the
seedling. 1 2 is estimated at more

tree transpl
fosiqned to tr

shrubs that qrow n

site to the revegetati
in important part of the

greatly reduces overall transplanting s by
reducing the nsp « »d for cach
trece. Up to 24 trees per day » transplanted
with the tree transport trailer

front-end loader-mounted tre E
maneuverable and can neqotiate slopes up

20 percent.

Description

system cons »f a Vermeer Model TS-44A
Tree Spade mounted on an Owatonna 880 articulated
1 loader and a specially built trailer
of two rows of four cone-shaped pods.
are 112 cm in diameter and 108 cm deep.

Eight soil plugs are removed from the transplant
trailer, and transported
transplant supply area.
the trailer with sel

ade digs the trees or

-mounted tree s
them in the trailer pods, and

tows the trailer between the transplant site
splant s s arca.

-ation

plugs
meter,
) kW recommer

specifications--Tree Transplanter

Ball (cone) depth: 46 to 152
Tree s : to 25 cm diameter
tree size may vary
type of root structure)
Mounting: tractors, trailers, truck or
front-end loaders

DRYLAND SODDER
Function

The dryland sodder (fig. 3) transfers native
topsoil from the mine area to the reclamation
area with its structure, profile, and vegetation
intact. Reclamation is greatly enhanced because
the soil horizons are not mixed, so soil develop-
ment does not have to be repeated.

The dryland sodder strips the top layer of soil
and vegetation (sod, forbs, shrubs, and small
trecs) from areas to be surface mined and places
it intact over reshaped arcas. The soil layer

is scooped into the sodder and transported to

the reclamation area. It is removed by tilting
and shaking the bucket while slowly moving the
loader backward. The conveyer system will

feature hydraulic control of the conveyor rollers,
allowing the sod to be removed without tilting
the bucket.

Figure 3.--Dryland sodder preserves topsoil
replacement on reshaped spoil materials.

Description

The dryland sodder is a modified front-end loader
bucket. The side walls and back wall are
vertical to minimize damage to shrubs and tree
seedlings that are stripped along with the soil
and sod. The wide, flat bottom of this bucket

is sprayed with plastic to reduce friction. A
conveyor system is being developed for the bottom
of the dryland sodder to aid loading and unload-
ing of the sod strips and to prevent excess soil
separation during the transfer.

Specifications

Width: 4.3 m

Length: 2.4 m

Depth: to 30 cm

Power requirements (flywheel) B0 to 391 kw

rqetation for later




. ouger

BASIN BLADE ¢ oUIRE:
ydraulically

< ves the frame

Function t

to crea
T ¢ ) S : ] icpressions, aind blade confiqurati
prigger (fiq. reuts an hers The basin blade (fig. 5) scoops out large basin :
15, or portions of rhizomatou or de
)

Makitats acoustie ; o i wn be varied to s site conditions.
1 8 : Averace productio 4 from 1 to
lates ¥ to provide a favorable su . : hamo Kiaie peodicet
it growth. The large basins : -in
el i e b e gouger creates more and larger depressions
advantages of terracing with fewer hazards and De youme Grmates pire g Lriec Sepoaasions
e HIiring Gecty. The Curtous Somud by che. : and hydraulic depth control make it easier to
scarifying teeth help retain broadcast seed and - sk e operate and the adjustable cycle rate and
ertilizer and te it infiltration. ! : : 2 variable blade confiqurations contribute to its
. rsatili » sprina-loaded blade arms enable
seripti : t to operate in fairl sround.
seription S

produce roots amn

The basin blade is a large,
avy steel blade mounted on tt
crawler actor. The blade is mounted on a
parallelogram multiple-ripper shank. It is
raised, lowered, and tilted hydraulically.
veral laceable scarifying teoth are
located g the bottom edge of the blade.

contour of
ally raised and
m ) seed is th

15t along the slope.

Specifications

width:

(drawbar) :

=

Figure 5.--Basin blade makes depressions in
soil that trap moisture, creating favorable
ondi ti for plant growth.
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Table 2

Ze-=Germination and germination value computed on tull seed

FRACTION # ORIGCINAL

GERMINATION

GERMINATION
VALUVE

According to the d shtained. the electro-
StAtic separator appears to have detinite
potential to effectively upgrade small tree secd
ther species that might be effect!

upiraded would include birch, sweetgum and coni-
fers such as white spruce. In a preliminary
trial, rodw os visually much impro
the He ¢parator. There were no 1
test in the ursery. the upg
“ill g re unitorm germination and
© unitorm seedling densit
dlings

tent use of nu Space.

The processing

Murphy, Patrick M., compiler. The challenge of
producing native plants for the Intermountain
irea: proceedings: Intermountain Nurseryman's
\ssociation 1983 conference; 1983 August 8-11;
Las Vegas, NV. General Technical Report INT-168.
Ogden, UT: U.S. Department of Agriculture,
Forest Service, Intermountain Forest and Range
Experiment Station: 1984, 96 p.

SURVIVAL, GROMTH, AND ROOT FORM OF CINTAINERIZED JEFFREY PINES

TEN YEARS AFILR OUTPLANTING

J. Do Budy and E. L. Hiller

ABSTRACT: To evaluate the” effect of various cone
tainers on survival ond grouth, trials established
in 1973 vere remeasured in 1983, In addition,

20 seedlings were excavated in order to determine
the effect of container type on root development,
After 10 years, the container type had a signifi=
cant effect on survival and height grouth. Foot
form and the number of lateral roots were also
influenced by container type.

INTPODUCTION

Since the early 1970's, containerized seedling
systems have been developed and tested throwgh-
out the United States, The ecarly vork vas cone=
cerned largely vith the development of wy accept=
able and suitable container. Farly experimental
container types were availoble wn various sizes,
shapes and saterialo.  Hese containers were
either planted vith the seedling or removed just
prior to planting. Over the past o evalue
ation of the various containers ! be

on varly field performance, product jon
and technical problems,

container plant ing
bott
dou
ately,
wailable through
1971, the Canadian for
v workshop on container
The first internat jonal
brought togeths
v Lk

other

This research was
from the Mcintire-St

Research Prograe

Jerry D. Budy A
Dept. of Range, Wildlif
University of Nev
Associate Dean

ge. Wildli
Agriculture,

Although information has rapidly accumulated since
the early 1970's, long term studies on grouth
and development are lacking.  The development
and evolution of conls rized systens will be
influenced by biological performance under field
conditions, Considerable discussion has dealt
with the potential problem of root deformation
resulting from conta r designs.  Although &
symposium was devoted to the root form of bare-
root and contaire d seed] ing Van Ferden and
Kinghorn 1978), the overall effect of root cone
figuration on field performance is still not well
focmented, i ective of this paper
is to report on ten y urvival, growt! wid
root form of containerized “eedling

on advers

M THODOLOGY




fable 1.-=Description of containers evaluated.

Dimensions

s, 2
P > s o ) e o

Container
I

Material

HBePaperpot 5.0 + 20.0 2

e *aLonved 2.0 5.0 22.9
12-Conved  : 2.0 5.0 30.5

2-Zviset 2.4% 0.5

Ireated paper

Plastic mesh
Plastic mesh

Polyethylene cover « @
ed cardboard :

'Side of square.

RESULTS
Survival and Growt!

After 10 yeors, the survivol wes very similar
o the first year survivel (Table 2). Compared
to the losses encountered during the first year,
brequent mortality vos relatively low, The
highe urvival and be growth after 10 year
were evident with the Conwed containers. Ihe
L indicated a high cant differe
1) in survival b
nd the paper and
rars the differ
not gty
ir

-
it wine

Root Form

Excovation of the containeri
that field performance may be

vd seedlings revealed ;

largely affected

by the design and shape of the container. Repree Figure 1.--Root penetration of a Jeffrey pire

entative raot dystese sfter excovation ate Shows ENRSUT - 1t e sy ¥ b e

for the 12«Conved (Fig. 1), 9e3«Conued (Fig. 2),

12-Zetset (Fige 3), and 8<Paperpot (Fiqg. 4). The

most obvious difference between the four container

types is the lack of lateral roots penetrating

from the Zeiset container.

he only container type which showed any sign

of bresking down wan the Paperpot, It feiset

ontainers wer till very much intact and it

wpeared that the plastic coating vas very effece

tive in preventing lateral root development, [The
ontainers vere not expected to breok downg

e sts developed t

mosts (Fig.

were
HUthough the

triction
i9e 6)y the developing ) W appate

Figure 2.e<Poot Penetration of o Jeffrey pine

through a 9eY<Conyed ten years after outplanting,

Characteristics of the excavated seedlings are
shown in Table 3. The Conwed seedlings had o
greater number of lateral roots penetrating

through the container sidewnlls larger tap

root emerging from the bottom of the container,
and @ greater biomw than the Zeinet and Papers
pot seedlings. There vas o highly significant
difference (P < 01) in the mean tumber of lateral
roots betueen the Conued and both the Zeiset and
Paperpot seedlings (lable 3). Also, the Paperpot
seedlings had significantly (P < .01) arvater
root penetration through the sidevalls than the
Zeiset seedlingn. The lack of lateral root penc-
tration for the Zeiset seedlings may account for

BEST COPY

Figure 3,«<~Root penetration of a Jeffrey pine
through & 12-Zeiset ten years after outplanting.

Figure 4.«<Root penetration of o Jeffrey pine
through o B<Paperpot ten years after outplanting.

the poor field perfornance, In oddition, after
the containers vere removed from the excavated
seedlings (Fig. 7<10), root problems were mont
evident on the Zejset seedlings. Although the
e seedlings developed lateral roots (Fige
11), the laterals vere confined vithin the cone
tainer and became quite deformed after ten o
of reatricted grovth (Figure 12).




Table 3.--Mean root and shoot characteristics
of excavated Jeffrey pines ten years after out-
planting in four container types (5 samples per
container type).

Container Lateral lap Root Green Weight
Type Roots'  Diameter Root Shoot

(no.) (cm) (kg)

9+3-Lonved  19.6° 2.12 1.39
12-Conved  19.6) 2.24 1.60
12-Zeiset 99 .73

.6
B-Paperpot  11.0% 1.2¢ 42

"Means with the same superscript are not signif-
icantly different.

DISCUSSION

The results of this study indicate some interest-
ing, as vell as significant, findings regarding
the relationship between container type and field
performance. The highest survival and best growth
occurred on those seedlings outplanted in Conwved
containers while the poorest survival and growth
occurred on the Zeiset and Paperpot containers. Figure 7.--Root system of a Jeffrey pine with Figure 9.--Root system of a Jeffrey pine with the
The most significant finding was the lack of the 12-Conved container removed ten years after 12-Zciset container removed ten years after out-
i lateral root penetration through the Zeiset cone outplanting (grid = 4xéem). planting (grid = 4xdcm).
o T et e of Atomana Cntbnna,  ainara.” Although the mamracturers intenion
‘ = ; > with the plastic coating is to keep the plant

roots divided during the rearing stages in the
greenhouse, the thin coating opparently prevents
lateral roots from penetrating through the side-
valls, even ten years after outplanting, The
manufacturer does recommend punched holes for
quicker lateral root extension on containers
longer than four inches. The resulls of this
study support the recommendation.

More importantly, and perhaps of significance
in the development and evolution of an accept-
able conlainer, vas the relationship between
growth and lateral root development., In this
atudy, the best growth vas obtained on seedlings
outplanted in containers vhere lateral root devel-
opment was unrestricted. The poorest growth re<
sulted where lateral root development was restricte
ed. Ouston and St (1978) reported the poorest
grovth after seven years on Douglas-fir and noble-
fir outplanted in one-quart milk carton
though their studies were conducted on favorable
asites, the milk cartons remained intact and the
main laterals vere almost entirely contained vithe
in the carton. They also reported greater height Figure B.-<Root system of a Jeffrey pine with Figure 10,<<Root nystem of a leffrey pine with
qrowth on seedl ings outplanted in Conweds than the 9s3-Conved container removed ten yers after the B-Paperpot conlainer removed ten years after
in either Ik cartons or cardboard tubes. Tinus outplating (grid = axécen), outplanting (grid = 4xdem),
1978) suggested that holes or slits be in-
corporated into the upper sides of solid wall
containers to increase surface laterals for wind ihe grow fove L og d eedlings outplanted of this study indicated that the lateral roots
firmnessy however, the results of this study in- nwed cont ' ) pel some of the early can break apart the plastic mesh. The Conved
dicated that betler growth and development re- v of root t P sterial has been manufactured in various degrees
Figure G.-<tateral Root of o Jeffrey pine showing -«'m«td vhere lateral root development vas unree : e \Hw{w'-.."nul '0--. -+ :.-1 ut .!»n ir l“‘” te!
constriction resulting from the plastic mesh of iGicteds A - or it Ao T10743 ket
s Conwed container ten years after outplanting. con y constri t in this study. Owston and Stein (1 eated
heew yestn sfter outp) o > FOm the same Conved material as used in this study
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and reported girdling on the lateral roots. They
fourd that the lateral roots penetrating the pla-
stic mesh vere smaller in diameter than those
penetrating peat-fiber pots. The root constrice
tion problem associated with plastic mesh contain-
ers may reduce growth somewhat; however the problem
appears to be relatively minor and apparently
short=lived compared to the root restriction
problem associated with solid wall containers.

CONCLUSIONS

Figure 1l.-<Jeffrey pine root system showing the
restriction of lateral root development after
ten years in a 12-Zeiset container (grid = 4xdem).

Figure 12.-<Close-up view of a Jeffrey pine root
¥ m shoving deformation after ten year n
a 12-Zeiset container (grid = 4xdem).

The of a tainer type for ony system
will depend on a number of variables. The Field
performance of outplanted seedlings will help
evaluate the containers presently available and
vill aid the development of future containers.

The higher survival and better overall growth
obtained with the plastic mesh containers suggest
the importance of unrestricted lateral root devel-
opment, The root constrictions which did appear
on the laterals due to the plastic mesh did not
appear to adversely affect the seedling growth
and development compared to the effect of restrict=
ed lateral root development found on the cardboard
containers. Although a biodegradable plastic mesh
container would appear promising, the relatively
high cost of biodegradable plastic has discouraged
further development (Barnett 1982; Barnett and
McGilvroy 1981).
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GROWING (DNTAINERIZFD TREE SFEDLINGS

IN A SHADEHOUSE

Thomas M. Smith

ABSTRACT: Initial data indicate containerized
ponderosa pine (Pinus ponderosa, Rockv Mountain
form) tree seedlinas qerminated in a areenhouse in
early May can be moved to a shadehouse in early
June and successfully grown in Albugquerque, N.M.
Data also indicate that ponderosa pine seedlims
sown in early February can be removed from the
qreenhouse in early May rather than early June and
may survive a July outplanting at the same location.

INTRODUCTION

On May 2, 1983, three baskets of seed, each
containing 13 Spencer-leMaire, Tinus (21.5 cubic
inches) bookplanters, were sown at the Bureau of
Indian Affairs (BIA) qreenhouse in Albuquerque,
N.M. A Zuni, N.M., wed source was used. Two
seads per cavity were sown. There was a crop of
ronderosa pine (Pinus ponderosa, Rockv Mountain
form) containerized tree seedlimas present in the
qreerhouse that had heen sown in earlv February
1983, therefore. germination conditions were not
optimm. The oroduction qreenhouse currer:ly
maintairs a triple croo schedule producima
avoroximately 79,000 containerized tre~ seedlinas
per croo. The purpose of this studv was to
determine the rotential for four croos annually.
On May 3, 1983, two baskets each containing 52
containerized tree seedlinas were removed from
the areerhouse arrd oplaced in the shadehouse.
These haskets were rart of the crop that was sown
in early February 1983, and were fram a Zuni,
NM. seed source. [t was felt that the weather
was too cold to move the seedlims into the
shadehouse earlier.

DISCUSSIMN AND RPSULTS

The BIA facilitv in Albugqueraue, N.M., is a I0* x
100" double poly nexus stvle areenhouss with a
shadehouse aporoximately 100 x 100', The
fertilizer used is Peters 20-20-20 for the
areenhouse, Peters 9-45-15 for after-stress and
in the shadehouse, and Peters STEM for trace
element addition in both the areenhouse and
shadehouse,

In an attempt to determine if croo rraduct ion
ould be increased, twn haskets of seed, each
containing 13 Spencer-Lemaire Tinus (21.5 cubic
inches) bookplanters. were sown on May 2, 1983,
These 'askets of aseeds were then olaced with a
crop of ponderosa pine containerized tree

Thomas 9. Snith {5 Greenhouse Manager at the
Rurean of Indian Affairs, Albumeraque Area
Office. franch of Foreatrv, Albumeraue, WM,

seedlings that were sown in early February 1983,
All seedlings were fram a Zuni. N.M., source.

The germinants were watered twice daily with the
boam during scheduled waterings amd supplemented
with hand waterinas for two weeks. Mo waterimg
was done on the weekenrs.

Table 1 lists the daily temoerature extremes in
the areenhouse from May 2 to June 7, 1983.

Table 1.-- Greerhouse maximum, minimum, ard
current temveratures from 5/2/83 to 6/7/R1

Min
6

0720
0739
0727
0740
1159
1200
0729
0739
0735
0738
1740
0800
c800
0740
0735
735
0730
0740
0722
0735
0740
0725
0730
NRO0
0800
"M14
0745
0735
0740
n71s
0R00 ”
0800 a1
070 2
0715 7
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Hyarothermoqraph clock stoooed during
evenina of 5/20/83 amd no recordims available
ntil 523/83.

May 71, 1083, the areerhouse crop was
flushed then stressed: germinants were neither
flushed nor streased,

The temperatures that were maintained in the
greenhouse were within the optimm ranae for
seedlinas in the "exponential® stage, but they
were not optimum for “aermination.”

During stressing the germinants were watered
Monday, Wednesday, and Friday mornina, and were
fertilized within one tablespoon/gallon
20-20-20.

The areenhouse croo and germinants were moved to
the shadehouse on June 7. 1983,

In the shadehouse the germinants received the
following:

June B - water and fertilize with shadehouse
2 1b. 9-45-154STFM/6 qt. water.

June 10- water from areenhouse lines.

June 13 - water and fertilize with shadehouse
2 1b. 9-45-154STEM/6 at. water.

June 15 - water from aqreenhouse lines.

June 16 - water and fertilize with shadehouse
2 1b. 9-45-15-STEM/6 at. water.

June 17 - water from areenhouse lines,
fertilize 1 tablespoon/aal. 20-20-20,

June 20 - water ami fertilize with shadehouse
2 1b, 9-45-154STEM/6 at water.

June 22 - water from greerhouse lines,
fertilize 1 tahlespoon/gal. 20-20-21.

June 27 - water and fertilize from greenhouse
lines, 1/2 1b. 20-20-204STEM/4 Gt. water.
June 29 - water and fertilize from areenhouse
lines, 1/2 1b. 20-20-204STEM/4 qt water.
July ' - water from areenhouse lines.

July 4 - water ard fertilize fram greenhouse
lires, 1 1b. 20-20-20+STEM/4 qt. water.

July 6 - water ard fertilize from areenhouse
lines 1 1b, 20-20-20+STEM/4 at. water.

July 7 - water ard fertilize from shadehouse
lines,2 1b.9-45-154STEM/A at. water,

Tuly 11 = water fram qreenhouse lines,
fortilize 3 tsps./aal. 20-20-20

July 13 - water aml fertilize fram areen-
house lines, 1/2 1b. 20-20-204STEM 4 nt/
water,

July 15 - water from qreenhouse lines.

Julv 18 - beqin water anmd fertilize from
areenhouse lines, 2 1b, 20-20-048TEM,
Continue waterim schedule of 7/18 on

Mordays and Wednesdave, and water onlv

fram areenhouse lines on Fridays

Table 2 records the measurements of the
serminants as of Auqust 1, 1983,

Tahle 2.--Measurements of qerminants, August 1983

fasket] Caliper (Inches)
“o. ! o Min. Mean Morde Median

Y 116
114
1716

"~ Heiaht (Inches)
_Min. _Mean  Mode  “edian
47/8 1172 3,983 4 4
478 14 3.635 312 3 5/8

2 3.7% 38 32
Basket mumber 1 contained 52 seadlinas, basket
number 2, 51, and basket number 3 contained 50.
The maximum possible rumber of seedlims was 52
ver basket.

Containerized tree seedlims are qrown for
spring and summer outplantim. Seedlings sown
in the summer are scheduled for outplantim the
following spring. The qoal of the summer
sowing is to mroduce a seedling that would
successfully overwinter in the sh

Currently the seedlings are actively qrowlm
ard have qood secondary needle development.
Chronologically, these seedlinas are one month
older than those in the areenhouse. They are
further developed in all phases of arowth than
those that have been in a fully controlled
areenhouse for two months.

On May 3, 1983, two baskets, each containing 52
ronrdercsa pine containerized tree seedlims
were moved to the shadehouse. T™hese seedlims
were sown in early February 1983 fram a Zuni,
N.M., seed source. The seedlings were not moved
to the shadehouse until low temperatures could
te assured to be above 32°F.

Table 1 details daily Fahrerheit temperature
ranaes in the shadehouse,

Table 3.--Daily maximum, minimum, aml current
shadehouse temperatures from 4/29 to 6/7/83

Time — Max.  ¥in, Current
~ 1551 s e
1615 3
1630 74
1558 2 87
1615 AR
1556 80
1817 4 a0
1610 5 /3
1602 f a7
1605 3 20
1613 82
1610 62
1618 a4
160 2 L1}
1619 3 w4
1610 a; 87
1610 3 a2
1612 a3
%M ? 5 ah
1612 Y0 a8

1
3
?

AAD DD DD DD D D D
SR Asdnin

1610 n 5 29
39
0

an




Temperatures were recorded from a maximum/
minimum thermometer located on the north emd of
the shadehouse. The thermometer was rot set up
according to Weather Service specifications. The
50% shade provided by the shadehouse did not
prevent the thermometer fram being exposed to
direct sunlight, therefore, the day time highs
are "sun" temperatures. The low temperatures mav
be considered representative.

One value of the temperature recordims is to
demonstrate the temperature extremes the
seedlimgs in the shadehouse experienced.
Recordimas were stopoed on June 7 hecause a
freeze was no longer considered a possibility and
the puroose of recordina temperatures was to
document anv freeze that occurred.

Table 4 records the maximum, minimum. mean, mode,
ard median for heiaht am caliper in inches from
two haskets of seedlimms from the crop sown in
Februaiv 1993 and moved to the shadehouse May 3,
1983. The measurements were taken on Auqust 1,
19813,

Table 4.--“%asurements of seedlinmgs removed
fram the areenhouse 5/3/81 as of 8/1/83.

Basket, “Caliper (inches)
_No. | Max. Min. Mean Mode Median

1 3/8 1/16 0.157 1/8 5/32
2 732 3/32 0.144 1/8 1/8
Basket Height (Inches)
_No. “ax. Min. Mean Mode Median

£y 2172 4.965 5.25
<l Wil T/ M RS, < SIS

Basket number 1 contained 52 seedlims ard
basket number 2 contained 50, ™ maximum
mossible mumber of seedlims per basket was
52.

The seedlims removed in May are shorter anmd
have much woodier stems than those removed from
the areenhouse in June.

The seadlings in the shadehouse were watered
Morday and Thuraday morni 45 and fertilized
with 2 lba. 9-45-154STEM/6 ats. water throuah
the shadehouse lines along with the rest of the
shadehouse seadlims, These ssedlimme were
moved back into the areenhouse on May 23,

1983, for flushimy and stressed in the
shadehouse, The Monday and Thursdav waterim
9-45-15 fertilizer was reinstated after
stressing,

Table 5 records the maximum. minimm, =~an, mode,
and? median of haskets fram the croo sown in early
Fabruary 1983, and moved to the shadehouse on
Tune 7, 1983,

Table 5.--Measurements of seedlimgs removed
fram the areenhouse 6/7/R3 as of 8/1/83

sket Caliper (inches)
No. | Max. Min. Mean

Mode Median

1/16 0.119 1/8 1/8
3/32 0.124 1/8 1/8

Felght (inches)
Max. Min. Mean Mode Median

¥, 3 4.954 4 5 1/4
2 7 2 5.02 4172 5
Basket number 1 contained 52 seedlings aml basket
number 2 contained 52. The maximum oossible was
52 seedlings.

CONCLUSTIONS

Initial results indicate the motential for four
croos of containerized ponderosa pine tree
seerilinas annually at the BIA aqreerhouse facility
in Albuquerque, N.M. The smaller seedlims
should survive the harsh planting sites in New
Mexico, but only a survival study can determine
this field survival ard growth is the bottom line
One month, early May to early June, aqrowth in a
greerhouse with subsequent shadehouse arowth
apoears to be enough to produce a seedlim that
will overwinter in a shadehouse in Albugquerque,
N.M. Durim an on-site inspection by

Dr. Richard W. Tinus on July 20, 1983, he stated
that these conclusiors at that time seemed to be
valid.

The purpose of this maper is to indicate the
vossibility of increasim crop production from
three to four crops annually at the BIA areen-
house in Albucuerque, N.M. The orobleme of an
afministrative studvy in a cvaduction areerhouse
are obvious. While all selectiors made were
rardom, 2 haskets out of 1,523 mav not b a
larae enouah sample, therefore, a statistical
malysis was mot rerformed,. The mtent ial may
exist, however, aml therefore further research is
neaded,
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